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A 


A. Prefix used in scientific terminology to 
convey negation — e.g., aspherical, asymmetri- 
cal. 

ABAXIAL. Term used in optics to denote 
points off the axis of an optical system. Rays 
near the axis are termed paraxial. 

ABBE, ERNST, 1840-1905. German physicist. 
Professor at University of Jena. Joined the 
optical works of Carl Zeiss in 1866 and became 
partner in 1875. Encouraged technical glass 
laboratory of Schott and Genossen in Jena in 
1884 from which came many notable optical 
glasses. Biography by F. Auerbach (1918). 
Collected works: Jena 1904-6, 2 vols. 

ABBE NUMBER. Number expressing the 
extent to which the shorter and longer wave- 
lengths of light are separated by refraction 
through a particular glass — i.e., the amount the 
glass disperses the various colours. 

Abbe numbers, formulated by E. Abbe 
(1840-1905), in practice vary from about 
25 -5 for Double Extra Dense Flint glass to 60-3 
for Hard Crown glass. The greater the number, 
the smaller the dispersion — i.e., the less the 
separation of the colours after refraction. 

ABBREVIATIONS. The following abbrevia- 
tions are commonly used in photographic 
literature. 

A (on cameras) advance (film), or 

open (camera back); Angstrom 
a ampere 

A.C. alternating current 

A.C./D.C. alternating current and direct 

current — i.e., universal 

A.I.B.P. Associate of the Institute of British 

Photographers 

A.P.S.A. Associate of the Photographic 

Society of America 


A.R.P.S. Associate of the Royal Photo- 

graphic Society 

A.S. A. American Standards Association 

A. S.C.C. American small centre cap (lamp 

fitting) 

B bulb or brief 

B. C. bayonet cap (lamp fitting) 

B.F.I. British Film Institute 

B.K.S. British Kinematograph Society 

b. & w. black and white 

B.P. British Pharmacopoeia 

B. S.I. British Standards Institution (and 

their emulsion speed system) 

C Centigrade 

c. cm. cubic centimetre 

c.f. cut film 

c.f.h. cut film holder 

C. I.E. Commission Internationale 

d’Eclairage (International Com- 
mittee of Illumination) 
cm. centimetre 

c.p. candle power 

c. r.f. coupled rangefinder 

C. U. close-up (cine) 

d. a. delayed action 

d.b. double bayonet (fitting) 

d.b.f. double book form (plateholder) 

D. C. direct current 

d.d.s. double dark slide 

D.G.Ph. Deutsche Gesellschaft fur Photo- 

graphic (German Photographic 
Society) 

DIN Deutsche Industrie-Norm (Ger- 

man standards specification used 
for emulsion speed system) 

D. & P. developing and printing 

d.v.f. direct vision finder 

d. w. double weight 

e. r.c. ever-ready case 

E. S. Edison screw (lamp fitting) 

F Fahrenheit; fast (applied to flash 

synchronization) 
f focal length 

f aperture 

F. B.K.S. Fellow of the British Kinemato- 

graph Society 
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F.I.A.P. 

Federation Internationale de l’Art 

N.P.L. 

National Physical Laboratory 


Photographique (International 

ortho 

orthochromatic 


Federation of Photographic Art) 

o 

open 

F.I.B.P. 

Fellow of the Institute of British 

oz. 

ounce 


Photographers 

P.A. 

Photographic Alliance (of Great 

fl. dr. 

fluid drachm 


Britain) 

fl. oz. 

fluid ounce 

pan 

panchromatic 

f.p. 

focal plane 

P.D.A. 

Photographic Dealers’ Association 

f.p.a. 

film-pack adapter 


(Great Britain) 

f.p.m. 

feet per minute 

P.E. cell 

photo-electric cell 

f.p.s. 

frames per second (cine); feet per 

pH 

symbol for hydrogen ion concen- 


second ; focal plane shutter 


tration — a measure of acidity or 

F.P.S.A. 

Fellow of the Photographic Society 


alkalinity of a solution 


of America 

P.O.P. 

print(ing) out paper 

F.R.A.S. 

Fellow of the Royal Astronomical 

pref. 

prefocus 


Society 

P.S.A. 

Photographic Society of America 

F.R.M.S. 

Fellow of the Royal Microscopical 

pt. 

pint; part 


Society 

PV filter 

panchromatic vision filter 

F.R.P.S. 

Fellow of the Royal Photographic 

qt. 

quart 


Society 

R 

(on cameras) rewind (film) 

F.R.S. 

Fellow of the Royal Society 

r.b. 

revolving back; reversing back; 

F.R.S.A. 

Fellow of the Royal Society of Arts 


roller blind 

F.Z.S. 

Fellow of the Zoological Society 

r.f. 

rising front; roll film; rangefinder 


(Great Britain) 

r.f.b. 

roll film back 

7 

gamma 

r.p.m. 

revolutions per minute 

g. 

gram (Continental abbreviation 

r.p.s. 

revolutions per second 


sometimes misapplied to grain) 

R.P.S. 

Royal Photographic Society (of 

G.D.L. 

Gesellschaft Deutscher Licht- 


Great Britain) 


bildner (Society of German Photo- 

R.R. 

rapid rectilinear (lens) 


graphers) 

S 

slow (applied to flash synchro- 

gm. 

gram 


nization) 

gr. 

grain 

s.b. 

single bookform (plate holder) 

H. & D. 

Hurter and Driffield (emulsion 

SBC. 

small bayonet cap (lamp fitting) 


speed system) 

S.C.C. 

small centre cap (lamp fitting) 

I 

instantaneous 

Sch. 

Scheiner (emulsion speed system) 

I.B.P. 

Institute of British Photographers 

sec. 

second 

I.C.I. 

International Committee of Illu- 

s.f. 

sheet film 


mination 

s.f.h. 

sheet film holder or hanger 

inf. (or oo) 

infinity 

SM 

speed midget (flash bulb); single 

I.R. 

infra-red 


metal (plate holder) 

K 

Kelvin degrees 

S.M.P.T.E. 

Society of Motion Picture and 

kg. 

kilogram 


Television Engineers (U.S. A.) 

km. 

kilometre 

sp. gr. 

specific gravity 

1 . 

litre 

S.P.E. 

Society of Photographic Engineers 

lm. 

lumen 


(U.S.A.) 

l.c. 

leather case 

s/s 

same size 

log. 

logarithm 

s.w. 

single weight 

I.p.m. 

lines per millimetre 

T 

time ; transmission (stops) 

L.S. 

long shot (cine) ; lumen second 

T. & B. 

time and brief (or bulb) 


micron 

U.S. 

uniform system (diaphragm aper- 

m. 

metre 


ture numbering) 

M 

(on German shutters). Moment = 

U.V. 

ultra-violet 


instantaneous; magnification; 

V 

volt (electricity); (on German 


medium, (applied to flash syn- 


cameras), Vorwarts = forward 


chronization) 


(film transport) or Vorlauf = 

M.E.S. 

midget Edison screw (lamp fitting) 


delayed action (shutter) 

mg. 

milligram 

V.P. 

vest pocket (film size = It x 2$ 

min. 

minim 


ins.) 

ml. 

millilitre 

w 

watt 

mm. 

millimetre 

w.a. 

wide angle (lens) 

m/t 

millimicron 

X 

instantaneous (applied to flash 

MQ 

metol-hydroquinone 


synchronization); (on cameras) = 

M.S. 

medium shot (cinematography) 


closed 

MV filter 

monochromatic vision filter 

z 

(on German shutters), Zeit = time 
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ABERRATIONS OF LENSES 


A perfect lens would show the image of a 
point as a point, and a straight line as a 
straight line. But in practice, lenses are never 
perfect; they reproduce a point as a patch, and 
a straight line as a more or less curved band. 
Most of the trouble is caused by faults, or 
aberrations, inherent in the lens construction. 

The designer controls most of the aberrations 
by combining a number of single lenses in such 
a way that the aberrations of one lens tend to 
be cancelled out by opposing aberrations in 
the others. 

Aberrations which affect an image point on 
the axis of the lens are classified as axial 
aberrations. The principal axial aberrations are 
chromatic and spherical. 

Chromatic Aberration. A prism deviates blue 
light more than red light. Simple lenses do the 
same thing with the result that blue light comes 
to a focus nearer to the lens than red light. 
This defect is called the chromatic aberration 
of the lens. The human eye is most sensitive 
to the light towards the middle of the spectrum, 
but some photographic emulsions are most 
sensitive to light at the blue end. So while a lens 
suffering from chromatic aberration may form 
an image that looks sharp, it gives a blurred, 
out-of-focus negative. 



CHROMATIC ABERRATION. A simple lens refract s bluer ays A 
more strongly than green rays B or red rays C. The latter 
therefore come to a focus farther behind the lens, and the 
image shows reddish-bluish colour fringes. 

To obtain any correction at all it is neces- 
sary to utilize different types of optical glass 
in one lens system. Unfortunately the charac- 
teristics of the optical glass available today are 
such that complete correction for all colours is 
impossible and the situation is aggravated by 
the fact that the balance of other aberrations, 
particularly spherical aberration, varies with 
the colour of the light. In many instances the 
best chromatic correction of a narrow bundle 
of rays close to the lens axis has to be sacrificed 
in order to obtain a better compromise correc- 
tion over the whole lens aperture and this com- 
promise correction may become unbalanced 
when the aperture is reduced by several stops. 
Spherical Aberration. Rays coming from an 
object on the axis and going through the centre 


of the lens come to a focus at a certain point 
on the axis of the lens. Rays from an axial 
object going through the lens near the edges 
should come to a focus at the same point, but in 
practice, because of spherical aberration, they 
tend to come to a different point of focus. The 
difference between these focal points is the 
spherical aberration of the lens. 

When the lens is more complex in construc- 
tion it is possible to correct this aberration for 



SPHERICAL ABERRATION. With a simple con verging lens the 
rays farthest from the lens axis converge more strongly, and 
come to a focus nearer the lens than the central rays close to 
the lens axis. T he image Is never fully sharp 

rays passing through one selected annular zone 
of the lens leaving rays passing through other 
zones to cross the axis at positions slightly 
different from the position where the corrected 
rays and a narrow central bundle of rays come 
to a focus. The small residual errors are called 
zonal spherical aberration and, in the case of a 
corrected lens, performance in the centre of the 
negative will depend on their magnitude. 

Spherical aberration increases with the lens 
aperture. 

The spherical and chromatic aberrations 
affect the whole of the field covered by the 
lens, but there are others which affect only the 
off-axis parts of the field. The off-axis aberra- 
tions are: coma, astigmatism, curvature of 
field and distortion. 

Coma. This aberration is restricted to off- 
axis image points. In some respects it can be 



SPHERICAL ABERRATION. With a simple direr, in, lens 
marginal rays appear to come from points nearer the lens. 
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considered as spherical aberration of an oblique 
bundle of rays. Since the lens has no symmetry 
about a line passing through the centre of the 
lens and an off-axis point in the image, the 
effects of coma are complex and unsymmetrical. 
Complete lack of comatic correction results in 
an image of a bright point object having an 
unsymmetrical light patch flaring away to one 
side like the tail of a comet — hence the name 
coma. In a lens corrected for coma, residual 
comatic errors result in complicated light 



COMA. An uncorrected lens tends to reproduce off-axis image 
points as unsymmetrical patches flaring away to one side. A 
first order coma patch is still regular in shape, the length B 
being three times the width A. Higher order coma patches are 
more complicated and may have multiple tails. 

patches corresponding to bright points in the 
object and these shapes can vary at different 
points in the field of view. This aberration is 
very difficult to eliminate in lenses covering 
wide angular fields at wide relative apertures 
and because of its complexity no hard and 
fast rules can be laid down. 

The size of the coma flare in an uncorrected 
lens is directly proportional to the distance of 
the image point from the axis, and propor- 
tional to the square of the aperture of the lens. 
Astigmatism. In a correctly centred lens system 
astigmatism cannot be present at an image 
point lying on the lens axis — it only affects 
definition away from the centre of the field. 
If astigmatism is the only aberration present, 
an object point will be imaged as two short 
straight lines occupying different positions in 
space, one nearer to the lens than the other. 
One of these line images will be radial with 
respect to the axis of the lens and the other at 



CURVATURE OF FIELD. When a lens shows curvature of field, 
all Image points lie on a curved surface P instead of a flat plane. 


right angles to it. The distance. between them 
is a measure of the astigmatism that is present 
at that point in the field and the position of best 
focus is halfway between them. 

The length of the lines and thus the deteriora- 
tion of the image will increase with increased 
astigmatism and with wider relative aperture 
of the lens. 

If the radial line is in the plane of the emul- 
sion it will blurr edges of images which are 
tangential with respect to the centre of the 
field. If the other tangential line is in focus it 
will blurr radial image edges. In a corrected 
lens system astigmatism can be eliminated at 
points in the image corresponding to one semi- 
angular field of view and at other points there 
will be small residual errors of the same nature 
which are called zonal astigmatism. 

As the field is increased beyond the corrected 
point astigmatic errors increase very rapidly 
and this is one of the reasons why lenses should 
always be used over the field for which they 
were designed. 

Curvature of Field. Instead of a sharp image 
being formed on a flat plane, it is sometimes 
found that the sharpest image is formed on a 
curved surface. This is a most undesirable 



ASTIGMATISM. Top: With astigmatism present in a lens, 
transverse lines A are focused on a surface T, circular discs B 
on a surface C , and radial lines C on a surface R. Bottom: 
An object containing both transverse and radial lines can never 
show both sharp at the same time. 

defect in photographic lenses since photo- 
graphic plates are always flat and even films 
cannot easily be bent over a spherical surface. 
Curvature of field is very closely connected with 
the astigmatism of the lens and can be reduced 
by adjusting the astigmatism. In many simple 
lenses astigmatism is deliberately introduced as 
a compromise method of flattening curvatures 
which otherwise would not be acceptable. When 
both curvature and astigmatism are eliminated 
at a point well out in the field of view the lens 
can be termed an anastigmat. 

Field curvature increases rapidly with the 
distance from the lens axis; it cannot be re- 
duced by using a smaller lens aperture. 
Transverse Chromatic Aberration. This is some- 
times known as colour magnification error and 
only occurs away from the centre of the field. It 
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BARREL DISTORTION. When off-axis Image points are not 
reproduced ot the same relative distances from the lens axis 
as the corresponding object points , the imoge is distorted. 
Image points farther away from the axis cause barrel distortion . 

is independent of axial chromatic aberration 
and can exist when all the other aberrations are 
eliminated. It can be considered as a variation 
of the focal length of the lens for light of 
different colours which causes the scale of the 
image to vary with colour. When it is the only 
error present, an image of a bright object point 
out in the field appears as a series of points of 
different colours. This gives a coloured edge to 
the objects being photographed which affects 
definition when panchromatic or cplour emul- 
sions are used. Since this colour displacement is 
radial with respect to the lens axis it will be 
most apparent on image edges which are 
tangential with respect to the centre of the field. 
Distortion. Distortion does not affect the sharp- 
ness of the image, it only alters the shape. It 
occurs because the off-axis part of the image is 
not reproduced on the same scale as the axial 
portion. If a test object consisting of a grid of 
straight lines is photographed, the lines in the 
photograph will be straight near the centre of 
the field, but they will curve inwards or out- 
wards towards the edges. According to their 
shape, distortions are described as “barrel” 
or “pin-cushion.” 

Distortion is not affected by altering the size 
of the lens aperture. 

Effect of Aperture. The position of the aperture 
is of importance, because it is one of the 
methods for controlling lens aberrations. The 
best position for the aperture depends upon 
he type of lens. The usual type of anastigmatic 


PIN-CUSHION DISTORTION. If off-mis Image points ore 
relatively nearer to the lens axis than corresponding object 
points, the image shows pin-cushion distortion. In each case 
the dotted lines indicate the shape of the original object. 

lens has the aperture diaphragm between the 
lens components. Simple meniscus lenses 
usually have the diaphragm in front. 

Spherical aberration is the only axial aberra- 
tion that is appreciably affected by a change of 
aperture. But spherical aberration does not 
normally affect the definition of off — axis 
points as much as the other aberrations; so it 
may not seriously limit the maximum aperture 
of the lens. With an appreciable field, the 
coma and astigmatism are much more im- 
portant, and these — in particular, the astigma- 
tism — increase with aperture. In practice, the 
maximum useful aperture of a lens is primarily 
controlled by astigmatism and coma. 

A maximum aperture of /8 used to be con- 
sidered good, but to-day an aperture of /4-5 
is regarded as average, and many good fast 
lenses work at /I -5. 

Off-axis aberrations increase rapidly with 
the angle of field and the normal photographic 
lens is only satisfactory for fields up to 50°. 
Special wide-angle lenses can cover fields of 
over 90° but they must work at compara- 
tively small apertures. 

Simple Lenses. A simple lens made of a single 
piece of glass, generally suffers from all the 
aberrations described above. Even so, lenses of 
this type are used in the cheaper cameras and 
give good results. The field is made reasonably 
flat by giving the lens a meniscus shape and by 
carefully choosing the position of the stop. 
The effects of spherical aberration, coma, 


VARIATION OF ABERRATIONS IN UNCORRECTED LENSES 


Aberration 

Variation with 
Image Size (h) 

Variation with 
Aperture (A) 

Spherical aberration ... 

Independent 

A* 

Coma ... ... ... ... 

h 

A* 

Astigmatism (difference in focus) ... 

h* 

independent 

Astigmatism (length of focal lines) 

h* 

A 

Curvature of field 

h* 

Independent (but depth of 
field is improved by stop- 
ping down)* 

Distortion ... ... ... 

h s 

Independent 

Chromatic Aberration ... 

Independent 

Independent 


•Thecurvature of field is noc affected by the size of the aperture, but making the aperture smaller does In fact lessen the 
effectsimply because itincreases the depth of focus. 
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POSITION OF LENS STOP. In a simple lens aberrations can be 
reduced to some extent by caref ul choice of the position of the 
stop. This determines which part of the lens forms image 
points due to oblique rays ( i.e inclined to the axis). 

astigmatism, and field curvature are reduced by 
keeping the aperture of the lens down to about 

/13- 

No attempt is made to correct the chromatic 
aberration because chromatic aberration is not 
a serious fault where the stop is so small and 
the negative is intended only for contact 
printing. For instance, a 4 ins. lens may have 
as much as 0-08 in. chromatic aberration, 
but this error corresponds to a circle of con- 


fusion of only 0-006-in. at /13, which is 
quite sharp enough for contact prints. 
Compound Lenses. Lenses intended for making 
negatives for enlargment or for colour photo- 
graphy have to be very carefully corrected. In 
consequence, they are complex and more ex- 
pensive than the simpler lenses in use in the 
early days of photography. To produce a flat 
field, the designer may have to accept some 
astigmatism and possibly a little spherical 
aberration — he cannot afford much or a change 
in aperture of the lens will shift the focus. 
Coma and distortion can normally be fairly 
well corrected; chromatic aberration can be 
practically eliminated for the two important 
colours, yellow and blue. (There remains a 
small degree of chromatic aberration, described 
as residual.) The other colours may come to 
slightly different foci, but the error is negligible 
for ordinary photography. The infra-red focus, 
however, is quite different from the yellow- 
blue focus, and when a photographic lens is to 
be used for infra-red photography, the mount 
is specially marked with the infra-red focusing 
position. G.H.C. & D.P.C. 

See also: Lens history; Lens testing. 

Book: Photographic Optics, by Arthur Cox (London). 


ABNEY, SIR WILLIAM, 1843-1920. English 
photo-chemist. Gave practical directions for 
manufacturing emulsions. Invented copper 
bromide-silver nitrate intensification, 1877. 
Introduced hydroquinone as a developer, 1880. 
Invented gelatin chloride printing-out paper 
(P.O.P.) 1882. Worked on photo-chemistry, 
sensitometry, densitometry, solarization, photo- 
metry, colorimetry, spectral analysis. Wrote 
numerous books and articles. President of the 
Royal Photographic Society for 5 years (1 892— 
94, 1896, 1903-5). Received twice the Progress 
Medal of the R.P.S. (1878, 1 890). 

ABRASION MARKS. Black lines on the 
surface of a developed emulsion — mostly on 
glossy printing papers — caused by rubbing or 
scratching. The trouble is rare nowadays since 
most papers are given a protective supercoat. 

Where the paper is known to have been very 
roughly handled, abrasion marks can often be 
prevented from appearing by developing in an 
M.Q. developer and adding a grain of potass- 
ium iodide for every ounce of solution. Adding a 
small crystal of hypo to the developer will often 
have the same effect. 

Abrasion marks can often be removed by 
rubbing them with a piece of cotton wool 
soaked in methylated spirit, or by swabbing 
them carefully with a chemical reducer. 

See also : Faults. 

ABSOLUTE. Term used in special cases in 
chemistry to denote a pure product, e.g., 
absolute alcohol. 


ABSOLUTE TEMPERATURE. Temperature 
measured from the Absolute Zero, i.e., the 
temperature at which virtually all molecular 
movement ceases (—273° C. or —459° F.). 
The degrees of the Absolute scale are spaced 
the same as Centigrade degrees; to turn the 
latter into "Absolute, add 273. Their only 
significance to photographers is that all colour 
temperatures are expressed in terms of degrees 
on the Absolute scale (known in this case as the 
Kelvin scale). 

ABSORPTION. All surfaces absorb some of 
the light that falls on them. Some, like lamp- 
black, absorb almost all the light; others like 
white paper, absorb very little. The light 
energy absorbed is usually converted into heat, 
but it may be transformed into light of another 
colour and sent out again or it may produce a 
chemical change, as in a photographic emul- 
sion. 

Colour is the result of selective absorption of 
light rays of certain wavelengths. If white light 
falls on a surface that absorbs the red and 
green rays, the surface appears blue to the eye 
because that is the only visible light reflected 
by the surface. 

ABSORPTION CURVE. Graphic represen- 
tation of proportion of light absorbed by a 
medium, plotted against the wavelength of the 
light. Generally used to give a scientific indica- 
tion of the characteristics of colour filters. 

See also : Filters. 
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ABSTRACT PHOTOGRAPHY 


The camera is basically very like the eye. It 
records the relations of light and shade and 
draws the relative positions and sizes of 
various parts of the subject in scientifically 
correct perspective. So long as the whole photo- 
graphic process is carried out correctly it gives 
what is generally accepted to be a true tran- 
scription of the scene as it appeared from a 
given viewpoint. The results are entirely 
realistic. 

This objective realism is very different from 
the subjective versions of the world produced 
by the painters, many of whom nowadays 
hardly ever work direct from nature, but draw 
their images from impressions absorbed, stored 
and synthesized in the mind. They commonly 
express themselves in distorted representations 
of real things, or even in completely unrecog- 
nizable abstract forms. 

In the hands of an artist, the camera too, 
can be made to produce either representational 
or abstract pictures of aesthetic worth. 

There is no rigid dividing line between the 
two types; whether the picture appears to be 
representational or abstract will, in some cases, 
depend on the viewer. Thus specialized photo- 
graphs made by the scientist may appear 
entirely abstract when seen by the layman to 
whom the subject is unfamiliar. 

A photograph, though intended to be purely 
representational, may nevertheless have a 
strong abstract element in it. This is especially 
noticeable when an object, possibly of unusual 
form and texture, is photographed from an un- 
familiar angle, or so close up that it can hardly 
be recognized, or in strange lighting conditions, 
or with a lack of local colour, or by the use of 
some special technique, such as infra-red. 

Early Examples. Many techniques known in 
early days produced straight photographs with 
marked abstract qualities. Geological photo- 
graphs, for example, revealed the abstract 
beauty of rock formations and strata. This form 
of abstraction was later used with great effact 
by Edward Weston in his pictures of rocks, sand 
dunes and close-ups of pebbles and tree forms. 
Somewhat earlier. Paul Strand had revealed 
the abstract beauty of machines and plant 
forms. 

Studies of motion produced another pecu- 
liarly photographic form of abstraction. As 
early as 1881 Eakins, Muybridge’s collaborator, 
took superimposed action shots which fore- 
shadowed the multiple electronic flash pictures 
taken later by Professor Edgerton of such 
subjects as a golf swing and a drop of milk 
splashing into a bowl. Many photographs of 
this type, though made for purely scientific 
purposes, possess fascinating aesthetic quali- 
ties. 

Among the first who deliberately made 
abstract photographs was Alvin Langdon 
Coburn, when he took a series called “New 


York from its Pinnacles.” These were shots 
taken looking almost straight down and giving 
emphasis to the pattern of streets and build- 
ings. In 1917 he made abstracts by taking small 
objects as seen in the middle of three mirrors, 
clamped together as in a kaleidoscope; he 
called them vortographs. 

In 1918 Christian Schad made shadowgraphs 
by placing flat objects and cut-outs on the 
sensitive emulsion and then exposing it to 
light. These pictures resembled the cubist 
collages of the period. This and similar methods 
of producing images without the use of a 
camera, developed later by Man Ray, Moholy- 
Nagy and others, are known as photograms. 
Man Ray and Moholy-Nagy were pioneers 
also in more strictly photographic methods of 
making abstracts, such as the use of negative 
prints, multiple exposures on either plate or 
paper, and the process known as solarization. 
Methods. Among the special techniques that 
create abstract images of rare beauty are many 
that can only be applied by scientists with 
laboratory equipment. While these are taken 
primarily for scientific reasons, pictures made 
by such methods have often been included in 
books of photographic art and are accepted at 
some advanced exhibitions. 

Among these scientific techniques are: 
X-ray photography, X-ray diffraction photo- 
graphy, the use of the principle of diffraction to 
photograph air-waves made by a bullet, varia- 
tions in temperature round a heated object, the 
stress in a rod, etc., photomicrography, the 
Lichtenberg figure made directly on film by an 
electric discharge in gas, astronomical photo- 
graphy, electron micography, high-sp®ed 
electronic flash, and time-motion studies in 
which the movements of a worker are recorded 
by attaching lights to appropriate parts of the 
body. 

But abstract photographs may be made by 
less ingenious means, without involved specia- 
lized techniques and equipment. For many of 
them only the simplest of cameras is necessary. 
But the photographer must possess an experi- 
mental tum of mind, aesthetic sensibility and 
imagination. 

A camera with focusing screen and with 
ample extension is almost an essential for 
some abstraction techniques. It encourages the 
beginner to study the photographic image on 
the screen rather than the object being photo- 
graphed. The camera should, however, be 
mobile so that the subject may be tackled from 
any promising angle. A reflex camera is 
excellent in many ways, but often has inade- 
quate extension and will not take a wide-angle 
lens. Small roll film and miniature cameras can 
of course be used, but as the optical finder does 
not give the typically photographic image, this 
has to be visualized in the imagination. The 
small size may also be a drawback, especially 


7 



ABS 


when it is planned to apply special after- 
technique — e.g., solarization. 

Generally the urge to abstraction starts with 
the desire to imitate the rather obvious type of 
pattern picture that appears nowadays in all 
the salons — photographs that pick out in 
close-up or semi-close-up clearly marked lines 
of rounded kerb, or intersecting curves of plates 
or other staged still-life objects. These subjects 
may be treated in a realistic way with full tonal 
range or may be in high-key. 

Both the simplification of subject matter 
(primary control) and the modification of tones 
(secondary control) are forms of abstraction 
which, carried further, can produce surprising 
and fascinating results. These provide the 
beginnings of the technique for abstraction. 
Primary Controls. Among the effects to be 
studied are scale, viewpoint, sharpness, per- 
spective, and lighting. 

Scale — i.e., the size in relation to the frame — 
should be studied to observe how the subject’s 
importance is increased by coming closer ; 
how detail can be stressed, how the perspective 
becomes more violent until the shape of the 
object is lost and only local surface features 
remain in almost unrecognizable form. 

The viewpoint or angle of approach also 
changes the appearance of the subject: both in 
perspective and in the distribution of light and 
dark masses. A low viewpoint will seem to 
increase height and importance and looking 
down may produce a striking, unusual pattern. 

Sharpness, blur and combinations of both 
may be created by suitably focusing the lens. 
Parts of the subject may be shown bitingly 
sharp, while more distant ones are left nebulous. 
This effect is common in extreme close-ups 
seen through a fairly large aperture and applied 
to small objects — e.g., fragments of broken 
glass or glittering Christmas tree decorations — 
produces fascinating evocative images. Extreme 
all-over sharpness, especially in very close-up 
shots concentrating on the surface pattern and 
texture of such subjects as wood grain, rock 
erosion and crumbling plaster, can also give 
many strange abstractions. 

Perspective and proportion as controlled by 
the use of camera movements and optical 
devices can give further twists to the subject — 
e.g., by using (or misusing) the tilting of back 
or front, or both; changing the shapes of 
things by taking them as reflections in a dis- 
torting mirror or bent metal glazing plate; or 
through a distorting filter of wobbly glass, or 
through a crude, uncorrected lens. 

Lighting effects also play their part in trans- 
forming the subject or in stressing certain 
aspects of it. Surface undulations can be em- 
phasized by oblique side lighting, form can be 
simplified by strong contrasts in light and 
shade, or by depriving a part of the subject of 
light altogether and reducing it to a silhouette. 

In dealing with small objects a good method 
if to use a “light box” — i.e., a box sealed 
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except for holes through which spotlights can 
be directed and an opening for the camera lens. 
A variety of objects can be placed inside or 
suspended. In this way the subject and its 
shadows cast on to the walls can be made to 
form abstract patterns. 

Out of doors lighting effects can be modified 
only by varying the direction of approach or 
waiting for the sun to move, but subjects can be 
found in unlimited number by looking at things 
through the camera from all sorts of angles. 
Any material can be used once the necessary 
photographic imagination has been cultivated. 
Secondary Controls. In addition to the effects 
that can be directly seen on the focusing screen, 
the experienced abstract photographer can 
look at the image and visualize how he can 
change it in the final print by one or more of a 
number of after-processes — e.g., after it has 
been enormously enlarged, modified by a filter, 
or photographed on an infra-red emulsion. If 
the subject is moving or has moving parts, he 
will try to visualize it as wholly or partly 
blurred. He may even visualize it with another 
image superimposed on it. 

The following are some of the methods that 
may be used. Many of them are processes of 
simplification. The aim may be to cut out half- 
tones and reduce the image to a simple state- 
ment in black and white, or to eliminate local 
colour in order to stress form, or to modify the 
colour rendering so as to set off one part of the 
subject against another. 

Exposure and development are the first and 
most obvious controls. Over-exposure with 
full development applied to a flatly-lighted 
subject can give an interesting effect: printed 
on a contrast paper the lighter tones will be 
almost invisible, but the edges of objects and 
other darker areas will stand out boldly. The 
effect can be made stronger by applying 
Farmer’s reducer to the negative. Under- 
exposure is useful for simplifying shadows and 
stressing the planes and ups and downs of the 
subject. If in addition the negative is greatly 
over-developed, there will be very fierce con- 
trasts of black and white, especially if there was 
also contrasty lighting. 

In flatly-lighted subjects contrast can be 
obtained by the use of blue-sensitive or special 
contrast emulsions, combined if necessary with 
prolonged development. This technique is 
useful for stressing local detail and texture; 
such things as the grain in wood or the surface 
texture of stone. Local colour patterns can be 
emphasized in various ways by the many 
filters available. Infra-red plates give great 
scdpe for creating weirdly unreal landscapes, 
and pictures of plant forms. They can also 
give surprising results when applied to other 
subjects : the results are not always predictable, 
but experiments are well worth while. 

The negative can be modified either during 
or after development. Solarization is one of the 
most promising ways of making radical 
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changes in the normal negative image. The 
process is, however, somewhat uncertain and 
it is always advisable not to use a valuable 
negative, but to experiment with duplicates. 
Enlargements of solarized negatives have a 
peculiar beauty of their own, abrupt contrasts 
are absent and contours appear as if outlined 
with a light crayon. Solarization gives the best 
effects with subjects having strong contrast 
and good outlines. The method can be applied 
equally well to positive transparencies, when 
the outline will print black. 

The abstract qualities of the negative itself 
may be exploited by making a positive trans- 
parency from it to give a negative instead of a 
positive print. Or by placing negative and posi- 
tive in contact, slightly out of register, and 
printing them together on a contrasty paper, 
the contours of the subject will be outlined in 
black or white. By altering the position of 
the positive on the negative, the width of line 
may be varied, and by varying the degree of 
hardness of the plates and printing paper, the 
print may be made in either strong black and 
white or grey tones. 

Greatly enlarging a coarse-grained negative, 
or better still, deliberately inducing reticulation 
may destroy line details and local textural 
qualities, thus simplifying the image and giving 
it a monumental quality. Grain and textural 
effects can also be introduced by printing 
through a texture screen, but the method of 
using a grainy negative or positive is more 
interesting, because the graininess forms an 
organic part of the image. A granulated nega- 
tive will give a white network in the print, the 
positive a black one. Further effects may be 
created by combining negative and positive, 
one or both granulated. 

Another technique that has been occasion- 
ally used with effect consists of distorting the 
image by heating a wet negative until the gela- 
tin just melts and begins to run. The whole or 
part of the negative may be dipped in hot 
water, or heat may be applied locally by other 
means. 

In enlarging, the negative or the paper, or 
both, can be tilted and the picture can be 
elongated or compressed. Or the paper can be 
curved or distorted in various ways. Opaque 
and semi-transparent masks suitably shaped 
make it possible to hold back or change the 
definition of certain parts. 


Multiple Images. In addition to superimposing 
negative and positive versions of the same 
image, entirely different images can be com- 
bined in negative or positive form or both. 
They can be either enlarged together, or one 
printed and developed first, the print rinsed, 
but not fixed, and replaced on the enlarger for 
a further exposure from another negative. For 
further control, parts of the images may be held 
back in the printing or wholly or partially 
bleached away. 

Superimposition can, of course, also be 
done direct in the camera, and every photo- 
grapher will know that even accidental double 
exposures can sometimes be very attractive. 
When they are planned, an effort should be 
made to memorize the arrangement of masses 
in the first picture so that the second image 
falls in the best place to achieve the desired 
contrasts, balance and rhythm. Subjects with 
large, simple masses of shadow generally give 
the best results. Interesting effects may also be 
created by making multiple exposures on the 
same subject, and slightly moving — or better 
still, revolving — the camera between each 
exposure. 

Odd combinations and strange contrasts can 
be obtained also by photo-montage done on a 
fairly large scale and then copying the mounted 
composite print. This method, however, unless 
done very skilfully, tends to look unconvincing 
and rather unphotographic, because the blend- 
ing of the images is not really organic. 

The recording by the camera of movement, 
moving objects and lights, has been extensively 
exploited for obtaining abstract images, either 
as blurs or clearly-defined patterns. And 
multiple exposures of arrested movement have 
also produced interesting abstractions. Com- 
plex linear patterns have been made in large 
number by recording the diminishing travel of 
a small light attached to a pendulum. Often 
referred to as physiographs, the idea can be 
further elaborated by using several lights fixed 
to a whole system of pendulums, or by making 
overlapping patterns by means of multiple 
exposures. Interesting linear effects can be 
created in other ways — e.g., by recording the 
lights of moving traffic. H.v.W. A. R.May. 

See also : Photograms; Tricks and effects. 

Books: All the Photo Tricks f by Edwin Smith (London); 
The Complete Art of Printing and Enlarging , by O. R. 
Cray (London). 


ACCELERATOR. Another name for the 
alkali in a developer. That constituent of a 
developer which controls (increasing) its speed 
of action. 

ACCESSORY SHOE. Metal shoe fitted to 
the top of the camera to allow supplementary 
items such as a rangefinder, a flash unit, or a 
viewfinder to be fixed to it. Most manufacturers 
of cameras and accessories follow the dimen- 


sions adopted by the leading Continental 
miniature cameras, but some in the past have 
not, so the point should be checked when 
buying an accessory for this type of fitting. 

ACCIDENTS. Photographs of road accidents 
may be taken for their news value or for use 
as evidence in a court of law. For the latter, 
special requirements may exist. 

See aJso: Evidence by photographs. 
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ACETATE FILM. So-called safety film. The 
term refers to the base of the film which con- 
sists of cellulose acetate instead of the inflam- 
mable nitrate, which it has almost completely 
replaced in all film types and sizes. 

See also : Supports for emulsions. 

ACETIC ACID. Chemical used as acid in stop 
baths, acid hardening fixers and certain 
bleachers and toners. 

Formula and molecular weight: CH a COOH; 

6 °. 

Characteristics: Colourless, corrosive liquid 
with strong irritating smell of vinegar. The pure 
acid (glacial acetic acid) solidifies below 62° F. 
(16-5° C.). 

Solubility: Mixes with water in all propor- 
tions. 

ACETONE. Dimethyl ketone. Solvent in 
certain processing solutions which contain 
substances not easily soluble in water. Also 
solvent in film cements, preparations for 
vamishingnegatives, etc. 

Formula and molecular weight: (CH,) 2 CO; 
58. 

Characteristics: Colourless, pleasant smelling 
liquid. Highly inflammable. 

Solubility: Mixes with water in all propor- 
tions. 


ACHROMATIC. Term applied to a lens which 
has been corrected for chromatic aberration 
so that it brings light rays of two colours in 
the visible spectrum to the same focus. 

ACID. Hydrogen compound in which the 
hydrogen can be replaced by a metal (or by a 
group of molecules with similar characteristics) 
to form a compound known as a salt, e.g., the 
metal sodium will replace the hydrogen atom 
in hydrochloric acid to form the salt, sodium 
chloride. 

The strengths of the various acids are com- 
pared on the basis of the pH values which 
depend both on the characteristics of the acid 
and on its concentration. Strong acids are 
generally corrosive. Dilute acids have a sharp 
taste and most will turn blue litmus red. Any 
solution with a pH value lower than 7 is 
acidic. 


ACID FIXER. Fixing bath for negatives or 
prints which contains an acid component in 
addition to the fixing agent, sodium thio- 
sulphate (hypo). 

The acid neutralizes the developer carried 
over on the sensitized material and stops its 
action. This prevents prints from going darker 
in the fixing bath and lessens the risk of staining 
and uneven development when a number of 
prints are in contact in the bath. 


ACID RINSE. Another name for stop bath 
used to stop development before transferring 
material to the fixer. 


ACRES, BIRT. Dates unknown. British photo- 
grapher and manufacturer. Pioneer of cinema- 
tography and of the film industry who ob- 
tained, independently of his French contem- 
poraries, patents on a chronophotograph (1893) 
and a cinematograph (1895). Collaborated 
with R. W. Paul. Also designed the first 
narrow-gauge (half of 35 mm.) camera (Birtac) 
and made, in 1895, the first British film. 


ACTINIC. Term referring to the ability 
of light to change the nature of materials 
exposed to it. The rays at the blue-violet end of 
the spectrum are generally regarded as being 
the more highly actinic, since it is these rays 
that most strongly affect the photographic 
emulsion, can cause chemical action, and 
also cause sunburn. 


ACTTNOMETERS. The earliest exposure 
meters, Hurter-and-Driffield Actinometer, and 
its successors, the Watkins, Wynne and Bee 
Meters, were integrating exposure meters. In 
these meters a piece of sensitized paper was 
exposed to the light until it darkened to a 
standard tint. The number of seconds or 
minutes it took to reach this tint was measured 
by stop watch, and a calculator converted this 
time into the correct exposure for any type of 
sensitive material. 

If the sensitive surface were held at an angle 
to the main lighting the exposure would be 
incorrect. Actinometers were apt to give un- 
reliable readings in hazy or cloudy weather. At 
such times, because there is then no major 
source of light, the general level of illumination 
is lower, and shadows where they exist are 
much lighter than they are in clear sunshine. 
The result was that actinometers were liable to 
give over-exposed negatives in cloudy weather. 

By choosing a suitable stop, the photo- 
grapher could use this type of meter to give 
him the length of the actual exposure. He simply 
opened the camera shutter and exposed the 
sensitized paper at the same time; when the 
paper darkened to the standard tint, he closed 
the shutter again. 

Meters of this sort were usually about the 
size and shape of a pocket watch. The sensi- 
tized paper was supplied as circular discs which 
were loaded into the back of the instrument. 
Small areas of the paper could be exposed in 
succession through a hole in the dial. A stan- 
dard tint printed next to the hole told the user 
when the paper had darkened to the right 
degree. The face of the dial carried the neces- 
sary calculator for converting “time to darken” 
into “exposure.” These meters were very 
suitable for the slow sensitive materials of the 
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earlier days, but they are inconveniently slow 
for most present-day photography. 

The modem integrating meters proper are 
large instruments which not only measure the 
amount of light necessary for the correct 
exposure of the negative, but operate a shutter, 
switch off lamps, or do anything else that may 
be required at the end of the exposure. They 
usually have a vacuum-type photo-electric cell, 
the output of which is amplified by a valve 
amplifier and used to operate a counter geared 
to count exposure units. A clock is pre-set to 
the required number of exposure units and as 
the exposure units are received by the instru- 
ment, a hand travels across the face of the 
clock. When the counter hand reaches the 
pre-set hand on the clock face a relay operates 
to work any apparatus connected to the meter. 

ACTION. Photographs of moving subjects 
demand special techniques and equipment 
according to the nature of the subject and its 
speed. Most action pictures fall within the 
scope of sports photography or certain scien- 
tific techniques. 

See also: Chronophotography; Flash ( electronic ); 

High speed cinematography; High speed photography; 
Movement; Sport; Stroboscopic flash. 

ACUTANCE. Physical measure of image 
sharpness. The concept of acutance arose from 
the need for measuring objectively the ability 
of a photographic process to produce a sharp 
picture. Whereas sharpness is a subjective 
measure and necessarily based on a visual com- 
parison of at least two photographs, acutance 
is based on physical measurements intended to 
correlate with the visual assessment of sharp- 
ness. According to Higgins and Jones acutance 
is determined by printing a sharp knife edge on 
the material under test, using a point source of 
light or a well collimated beam. Sideways 
scatter of the exposing light in the emulsion 
layer causes the developed image of the knife 
edge to be smeared out, producing an S-shaped 
density distribution of maximum and minimum 
densities D! and D 2 and width w. This width w 
is measured between two points at which the 
slope of the S-curve (of density plotted against 
distance) has a given minimum value. If the 
slope of the curve at any one point is G n and 
is measured at N points within w, acutance is 
defined as 

n 

A = (Gn)! x <Di - DO 

n = I 

i.e., as the average of the squared slopes times 
the density range across the knife edge. 

ADAMSON, ROBERT, 1821-18. Scottish 
chemist. Aided David Octavius Hill in taking his 
photographs and so contributed to laying the 
foundations of the artistic photography of 
portraits and groups. 


ADDITIVE SYNTHESIS. Term for the 
method or reproducing any particular colour 
by an equivalent mixture of the three primary 
colours. If three small patches of the three 
primary colours, blue, green and red are 
placed close together and viewed from a suit- 
able distance, they will create the sensation of 
white light. The same thing will happen if a 
disc with three segments painted in the three 
primary colours is spun rapidly so that per- 
sistence of vision fuses all three impressions. 

Sec also: Colour synthesis. 

ADHESIVES. Adhesives can be divided into 
traditional types (mostly animal or fish glues) 
which are available in the small quantities 
normally required by the photographer for odd 
repairs, and the newer types of synthetic resin 
adhesives. The latter may require special equip- 
ment and techniques. They are used extensively 
in industry but are not generally sold in small 
quantities across the counter. 

For simple repair jobs, the traditional 
types of adhesive, especially glue, are quite 
satisfactory. Final choice depends on the 
materials to be joined. 

Wood. For making or repairing wooden articles 
which are not likely to be exposed to con- 
tinuous wetting there is nothing better than a 
liquid glue. Both halves of the joint are coated 
fairly thinly with the glue, brought together, 
and kept under pressure for about twenty- 
four hours. 

If the part is going to be continuously wet, 
the repair should be given two good coats of 
varnish, or alternatively joined with a water- 
proof glue (below). 

Paper, Cardboard. For paper, any of the pro- 
prietary brands of gum, paste, or dextrine 
adhesives are satisfactory. If the pieces may 
have to be stripped apart later— e.g., prints 
mounted on a temporary support — a rubber 
solution adhesive is best. 

For cardboard, a liquid glue (above) or a 
waterproof glue (below) makes the strongest 
joint. 

Leather, Fabric. A liquid glue or rubber solu- 
tion will be satisfactory. 

Bakelite. No glue or cement normally on sale 
to the public will make a satisfactory job of 
sticking bakelite. Parts that appear to have 
been joined are held together only by the thin 
line of glue that has dried out along the outer 
edges of the joint. Since bakelite is non-porous, 
it seals the adhesive between the surfaces of the 
joint as effectively as the container in which 
the glue is normally kept. Unless the material is 
sufficiently porous to allow the solvents to 
evaporate, the glue stays liquid. 

Glass, Porcelain. For amateur use there are no 
satisfactory adhesives for glass or similar 
materials with a non-porous structure. Broken 
glass surfaces can sometimes be fused together, 
but the job calls for very special skill and 
heating facilities. There are, however, synthetic 


11 



ADH 


res ini which will bond together glass surfaces. 

Lens components and glass and gelatin 
filter assemblies are cemented together with 
Canada Balsam but they must be left for weeks 
or months to allow the cement to harden. 
Plastics. Plastics vary widely in composition. 
Some kinds can be joined satisfactorily with a 
cement made up of a quantity of the plastic 
itself dissolved in a suitable solvent. Perspex 
may be joined by a solution of Perspex in 
chloroform. The fumes are dangerous and the 
job should be done out of doors. 

Wet Surfaces. Surfaces which are to be con- 
stantly wet should be joined with a waterproof 
glue consisting of celluloid or something 
similar dissolved in a volatile liquid. The sur- 
faces to be joined must be sufficiently porous 
to allow the solvent to evaporate or the glue 
will never set. F.P. 

Synthetic Resins. The development of these 
adhesives has enabled many materials in 
common use to be bonded permanently, the 
joints obtained being largely unaffected by 
heat, moisture, micro-biological or chemical 
attack. Nevertheless, there is no single all- 
purpose cement capable of adhering strongly 
to all types of material and selection of the most 
suitable adhesive for each purpose depends 
upon the nature of the components to be 
joined and upon the conditions in use. 

Synthetic resin adhesives are virtually 
plastics in the liquid state, though they are 
often supplied in other forms, e.g., as powder, 
to prolong their storage life. The thermo- 
setting types can be made to set into infusible, 
insoluble solids by the addition of an acid- 
forming compound known as a “hardener” or 
“accelerator”. They offer outstanding adhesion 
to many materials with a degree of durability 
under severe conditions that could not have 
been obtained until recent years. The glueing of 
most materials in common use falls within the 
scope of synthetic resin adhesives. 

Asbestos. A resorcinol-formaldehyde resin pro- 
vides a strong bond between asbestos and 
asbestos or between asbestos and cork, fabric, 
leather, wood, rubber or laminated plastics. 
The adhesive is generally marketed as a reddish- 
brown liquid which must be mixed with a white 
powder hardener before use. No heating is 
required and the resultant bond withstands 
even boiling water. 

Cork. The same resin can be used as for as- 
bestos, above. 

Glass. Epoxy resin adhesives give unequalled 
adhesion to glass and ceramics generally. Cold- 
setting forms are available, but higher joint 
strength and greater durability are obtainable 
with the hot-setting epoxies. The strength of 
these resins is such that, in tests to destruction, 
the glass fractures before the adhesive fails. 
Leather. The same resin can be used as for 
asbestos, above. 

Metals. Very strong joints can be obtained 
between metal surfaces or between metals and 
other materials such as ceramics by usingepoxy 


resin adhesives. When bonding metals it is 
particularly important to start with clean sur- 
faces, free even from contact with the hands. 
Plastics. Laminated plastics (e.g., as used for 
table tops on kitchen furniture), can be success- 
fully joined together or to rubber, wood and 
other non-porous materials with resorcinol- 
formaldehyde adhesives as for asbestos. 
Thermo-plastic plastics such as Perspex, 
P.V.C., polythene are usually best bonded by 
solvents for these materials. 

Porcelain. Both resorcinol-formaldehyde and 
epoxy resins adhere strongly to this material, 
but for glazed porcelain surfaces the epoxies 
only should be used. 

Rubber. Great durability is obtainable with 
resorcinol-formaldehyde resins if the rubber 
can first be treated by acid or chlorine water as 
instructed by the makers. 

Wood. Urea-formaldehyde and resorcinol- 
formaldehyde resin adhesives offer great dura- 
bility with wood joins under exposed conditions. 
Animal, vegetable and fish glues are inexpen- 
sive and simple to use but have poor water- 
resistance, while casein, with improved water- 
resistance, is very susceptible to mould and 
microbiological attack. K.S.M. 


AERIAL FOG. Type of chemical fog affecting 
negative materials if they are excessively ex- 
posed to air when wet with the developing 
solution. 

See also: Faults; Fogging. 

AERIAL PERSPECTIVE. General effect 
of depth created by haze in a photograph of a 
landscape. There is usually a certain amount of 
haze — water vapour, smoke, or dust — in the 
air and the amount between the lens and the 
subject increases with the distance of the 
subject. So distant objects have softer outlines 
and lighter tones than those closer to the 
camera. The eye accepts this increase of hazi- 
ness with distance as an indication of depth 
and spaciousness. Haziness can be con- 
trolled by using a yellow, orange, or red filter 
with a panchromatic film or plate. In tele- 
photography of distant views where aerial fog 
is a drawback it can often be cut out altogether 
by using an infra-red plate and filter in com- 
bination. 


AERIAL SURVEY. The value of photographic 
surveys made from the air was realized as early 
as 1873 when a United States patent was taken 
out to cover the making of maps from a bal- 
loon. Since that time the technique of aerial 
photography for this purpose has become well 
established and many extensive national sur- 
veys have been completed, e.g., Great Britain, 
Canada. 

There are two types of photograph : oblique, 
where the camera is pointed at an angle to 
the surface of the earth, and vertical, where the 
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VERTICAL AERIAL SURVEY. The camera points vertically 
downwards, making exposures at regular intervals as the 
aircraft flies along the lines of a plotted grid. 

camera looks down vertically at the ground 
through the floor of the aircraft. The methods 
may be used separately or in conjunction. In 
both, the aircraft flies along the lines of an 
imaginary grid, making exposures at regular 
intervals. The spacing of the grid lines and the 
timing of the exposures aim at covering the 
given area with a series of photographs, each 
print overlapping 60 per cent in the direction 
of flight and 40 per cent laterally. 

The work calls for great flying accuracy and 
skill on the part of the pilot, but nowadays the 
aircraft may be guided by a radio beam by 
which it can maintain a straight course correct 
to ± 50-100 yards. 

Aerial surveys may be used for any of the 
following tasks: map-making — small scale, 
1 to 3 ins. to the mile, large scale, 12 to 25 
ins. to the mile; reconnaissance surveying; 
map revision; topographical surveying of 
housing estates, railways, town sites, based on 
ground triangulation surveys; forestry survey — 
making mosaic maps (usually 6 ins. to the 
mile) for recording the layout of forests and 
showing the distribution of different trees. 

In addition to the normal methods of photo- 
graphing, pictures can readily be made for 
viewing stereoscopically so that they convey the 
contours of the ground and the height of build- 
ings. The necessary separation of the view- 
points of the stereoscopic pairs is achieved by 
allowing a suitable time interval between the 
two exposures. In the period elapsing between 
the first and second exposures the aircraft 
moves, so that the pictures are taken from two 
different viewpoints and the final result, seen 
through a suitable viewer, is stereoscopic. 

Because the viewpoints are much farther 
apart than the normal spacing of the eyes, the 
stereoscopic effect is much more vivid than 
when the scene is viewed normally. In fact, 
when viewed from the height of the aircraft, 
the scene does not appear stereoscopically to 
the unaided human eye. Aerial photographs — 
particularly those taken during war-time recon- 
naissance — are easier to interpret and yield 
much more information when they are made 
for stereoscopic viewing. 


Surveys made from aircraft are subject to 
many types of error — drift, tilt, shutter errors, 
and distortions of scale. These may be uni- 
form or they may vary if the altitude, height, 
speed or compass-heading of the aircraft 
changes between one frame and the next. Some, 
but not all, of these errors may be corrected in 
the special enlargers used. 

The scale of an aerial survey is determined by 
the height at which the aircraft flies and the 
focal length of the lens. 

The atmospheric haze which is almost 
always present over the ground can be com- 
pensated for to a varying extent by the use of 
filters, such as minus blue and red, with infra- 
red material. 

Equipment. The size and complexity of aerial 
survey cameras vary according to the type of 
work they are designed for, and many are 
equipped to take a range of lenses. Lenses for 
this work must be very highly corrected and 
capable of giving extremely fine resolution. 
Special heaters must be used to keep the lenses 
at a constant temperature and protect them 
from the extremes encountered while flying. 

The sensitive material still presents the 
greatest problem in making accurate aerial 
surveys. So far nothing has been found to 
satisfy all the conditions. The ideal material 
would be free from distortion under all the 
temperature and humidity changes that occur 
during taking and processing, easy to store and 
transport, and of course unbreakable. Roll- 
films have been coated on a special stable 
support, but this has the disadvantage of 
requiring special temperature and humidity 
control. Plate cameras have been tried, to take 
advantage of the stable nature of the glass 
support. These cameras hold about two hundred 
plates in a magazine which changes them auto- 
matically. 

A more recent attempt at solving the problem 
has been to transmit the pictures from the 
aircraft to a suitably-equipped ground station 
where control is simpler. 

The technique of aerial photography by 
night has been brought to a remarkable pitch 
of perfection by the use of pyrotechnic or 



OBLIQUE AERIAL SURVEY. The camera is pointed at an angle 
to the ground. Special photogrammetric methods are required 
for quantitative information from the pictures. 
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electronic flash. Clear photographs have been 
taken of 600 square miles of ground from a 
height of 40,000 feet. 

Applications. Air photography is of great value 
in research in a number of fields where the 
over-all view of the subject reveals information 
which would be almost impossible to obtain 
from ground level. The most important are 
archaeological and historical studies, geography, 
geology, ecology, and botany. 

Archaeology and History. Once the surface of 
the land has been disturbed by whatever agency 
the effect of that disturbance marks it practi- 
cally for ever. Where features remain in relief, 
such as ruined buildings or earthworks, they 
may be effectively photographed from the air 
by taking advantage of shadows. When the 
surface has been reconditioned, the existence 
of buried features may be revealed by dis- 
coloration in the soil after fresh ploughing. 
Moreover, buried remains continue to affect 
the vegetation growing over them. Even if 
ditches, pits, foundations or roads are filled 
up or obliterated, the filling never attains the 
same compactness as undisturbed soil and may 
ever afterwards promote differences in density, 
or luxuriance, or colour of vegetation growing 
over them. These differences in vegetation, or 
“crop-marks” as they are called, best seen in 
aerial view, reproduce the plan of features 
otherwise invisible. Much depends on the soil, 
the climate and the type of growth. The most 
marked results often occur in arable land since 
certain long-rooted cereal crops are very sensi- 
tive to differences in the soil. 

Geography. Air photography provides a means 
of recording the earth’s surface f ar more rapidly 
and effectively than by examination on the 
ground, and is extensively used for surveying 
unmapped or inadequately mapped territory. 
Moreover, air photographs are an important 
medium for displaying many geographical 
features and processes. Photographs in over- 
lapping series reveal a wealth of information 
about land-forms often inadequately repre- 
sented on contoured maps. Such natural pro- 
cesses as the development of river systems, the 
silting of estuaries, the growth of sand-dunes 
and coast erosion can be effectively displayed in 
photographs taken in repeated series. The fact 
that air photographs record the earth's surface 
comprehensively without the selection and the 
conventions inherent in cartography, renders 
this medium of great importance to economic 
geography. The use of land, the growth of towns 
and villages, and the location of industry can 
be studied in air photographs. 

Geology. The value of air photography for 
geological survey has long been recognized, 
particularly for countries that do not have the 
highly artificial land pattern familiar in 
western Europe. Under favourable conditions, 
when solid rock is not obscured by a mantle of 
vegetation or soil, much information can be 
gained from photographs about the disposition 
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of the rocks and their underground structure. 
Great areas in the Middle East and elsewhere 
have been photographed for this purpose in 
connexion with the search for oil and minerals. 
Ecology and Botany. Air photographs at a 
large scale are of the greatest value to ecologists 
concerned with the distribution of plant and 
animal communities and their effects upon 
each other. For surveys of vegetation in remote 
and inaccessible places such as jungles, swamps, 
peat-bogs, seaweed colonies and inaccessible 
islands, air photography has proved its value. 
Surveys and subsequent treatment of natural 
pests, such as the boll-weevil in cotton, or 
infestation of grazing-areas by bracken, can 
be effectively conducted by air photography. 
Air photographs of forest-vegetation are im- 
portant for planning its economic develop- 
ment and for rapid surveys. G.T.S. 

See also: Aircraft camera ; Air Force photography; 

Archaeology; Balloons and kites; Photogrammetry. 

Books: Aerial Mapping and Photogrammetry , by L. G. 
Thorey (Cambridge); Aerial Photographs and their Applica- 
tions, by H. T. U. Smith (New York). 

AEROPLANES. Photographing an aeroplane 
in flight from another aircraft, or air-to-air 
photography, is highly specialized work calling 
for close co-ordination between the two pilots 
and the photographer. Air-to-air photographs 
were formerly taken from the passenger seat 
of an open two-seater, the camera sometimes 
being held in the slipstream. Nowadays the 
photographer can work in comfort through the 
open window of a cabin aircraft, but frequently 
he is handicapped by the great disparity of 
speed between such aircraft and the modem 
high-speed jet-propelled types, which he may 
be called upon to photograph. The high alti- 
tudes at which these sometimes operate 
necessitate a pressurized cabin, the windows of 
which may consist of a double sheet of Pers- 
pex, destroying definition in a photographic 
negative. Thus, though the speed of sensitized 
materials has kept pace with that of aircraft, 
the design of the latter no longer provides a 
vantage point for a photographer, who is 
therefore still obliged to use the slower machine. 
This greatly limits his freedom of action and 
choice of viewpoints. 

Camera. Owing to the limited demand, there is 
no camera specially made for air-to-air photo- 
graphy, those constructed for air-to-ground 
work not being suitable. The best available is 
the direct-vision type of press camera taking 
9 x 12 cm. or 4 x 5 ins. plates. To obviate dis- 
tortion of the bellows in high wind it may be 
possible to replace it by a suitable box. 
Photographer’s Aircraft. The aircraft from 
which the photographer is to work should have 
a speed comparable to that of the target air- 
craft and afford good vision. Speeds vary so 
greatly that the target aircraft may be stalling 
while flying faster than the maximum speed of 
the photographic aircraft. Under these con- 
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ditions there is little time to compose the 
picture, and success depends on a combination 
of experience and luck. 

The best camera position in a cabin aircraft, 
whether two-seater or airliner, will probably 
be between the trailing edge of the mainplane 
and the leading edge of the tailplane. From 
here side views of the target aircraft will be 
obtained, as well as the most useful of all 
angles — the three-quarters head-on view. 

The most suitable of all photographic air- 
craft is the now obsolete four-engined bomber 
with tail turret. Seated in the turret, the 
photographer has an angle of view of almost 
180° in both horizontal and vertical planes. 
The Subject. Air-to-air photography is a com- 
bination of portrait, landscape and high-speed 
photography, with the target aircraft as the 
model and the background constantly changing. 
The background should be chosen to suit the 
aircraft — e.g., clouds for a bomber, coastline 
for an airliner and sea or a ship for a naval 
machine. 

Technique. In air-to-air photography at least 
three people are involved: the pilot of the 
photographer’s aircraft, the pilot of the target 
aircraft, and the photographer. They must 
work as a team, and it is desirable for the pilots 
to have previous experience of this form of 
flying. It is also a help if the pilot of the photo- 
graphic aircraft has an eye for a picture. 

Work on a photographic sortie begins with 
briefing before take-off. A complete plan of the 
intention and order of execution should be 
arranged. If this is not done failure may result 
and flying time be wasted. This is important 
with large modern aircraft, which may cost 
hundreds of pounds to keep in the air for an hour. 

Once the team is airborne, inter-communica- 
tion between pilot and photographer is 
essential, and radio communication between the 
pilots almost as important. 

When the target aircraft is in close formation 
the lighting should be carefully studied before 
an exposure is made, and in case of need the 
pilot asked to alter course to effect an improve- 
ment. He can also pass messages to the pilot 
of the target aircraft, requesting alterations of 
relative position; or this can sometimes be 
done by hand signals. While a skilled pilot 
can reduce speed of a target aircraft flying 
singly for the benefit of the photographer, this 
is impossible in formation flying, and the 
photographer will have to take quick decisions 
when a picture presents itself. 

Camera Manipulation. Fast panchromatic 
plates or films are used, and with a 2 x or 3 x 
yellow filter a lens aperture of/ 8 will provide 
well-exposed negatives on most occasions even 
at high shutter speeds. Except for special effects, 
over-correction of skies with orange or red 
filters is not recommended. In very intense 
light above clouds it is advisable to allow suffi- 
cient exposure so as to permit soft develop- 
ment, otherwise the negatives will be harsh. 


When working with the camera at an open 
cabin window, it must on no account be held 
out into the slipstream, as it will be wrenched 
away by the force of the air blast. The photo- 
grapher must never allow the camera itself, or 
his elbow, to touch the aircraft during an 
exposure or the vibration will spoil the defini- 
tion of the negative. C.E.B. 

See also: Air photographs. 

AFOCAL LENS. Attachment for changing the 
focal length of a camera lens. An afocal lens 
is, in fact, a Galilean telescope with variable 
separation between the front and rear com- 
ponents. In use, the camera lens is set on 
infinity and the image is correctly focused by 
adjusting the separation of the lenses in the 
attachment. The result is an increase in image 
size as with a long-focus lens; but no extra 
camera extension is necessary. 

A similar attachment may be used to reduce 
the focal length of the camera lens, thus pro- 
ducing a smaller image but wider angle of view. 

See also: Supplementary lenses. 

AFTERTREATMENT. Faults in negatives and 
prints caused by errors in exposure and 
development can be rectified to a certain extent 
by aftertreatment. While the cure is never as 
effective as prevention, it can at times convert 
an unprintable result into a passable one. 
Negatives. All forms of aftertreatment of nega- 
tives involve some risk; they may even spoil 
the negative instead of improving it, so if the 
negative is particularly valuable, it is as well 
to make a duplicate first, just in case anything 
goes wrong. 

The methods of aftertreatment are: 

(1) Chemical. These methods include the 
various wet processes of reduction and inten- 
sification, contrast adjustment by redevelop- 
ment, and scratchproofing. 

(2) Physical. These are mainly methods of 
working on the dry negative, e.g., abrasive 
reduction, spotting, retouching, blocking out, 
and varnishing. 

(3) Optical. In optical aftertreatment the 
whole negative is copied and its contrast or 
density adjusted during the copying process. 
Prints. Methods of print aftertreatment fall 
into two broad groups: 

(1) Physical aftertreatment. The surface of 
the print may be glazed, the image can be 
hand coloured with dye or water colour and 
blemishes or weak tone areas can be retouched. 

(2) Chemical aftertreatment. A print may be 
treated chemically so that the character of the 
image is changed. This may be done in order 
to intensify or reduce the image, or to tone it 
to a different colour. 

Bee also: Colouring prints; Doping prints; Glazing; 
Hardening baths; Intensification; Oil reinforcement; 
Optical aftertreatment; Redevelopment; Reducing; Re- 
touching; Scratch-proofing; Toning; Varnishing negatives; 
Waxing prints. 
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AGAINST THE LIGHT 


The very expression “against the light” (or 
“contre-jour”) implies something out of the 
way and difficult. This is a pity as it makes 
many photographers keep to the safe rule of 
having the light source behind the camera 
when they could get more attractive pictures 
with the light source in front. There is nothing 
particularly difficult about the technique: the 
main necessity is to keep direct sunlight out 
of the lens where it would cause fog and flare 
on the film. 

There are many good reasons for taking 
pictures against the light. One is to deal with 
messy and fussy backgrounds or even ugly 
plain ones — e.g., brick walls. Against the light 
shots show less detail in any case, and the back- 
ground is likely to be in the shade and there- 
fore under-exposed and dark. 

It is the unusual patterns of light and shade 
that make the majority of against the light 
photographs. By careful positioning it is 
possible to include all the principal shadows 
cast by the subject in the picture frame. The 
best effects are produced in the morning and 
evening, when the shadows are long. And if 
the camera looks down from a high viewpoint 
the effect is even better as the shadows will not 
be foreshortened. Long shadows have an- 
other valuable effect apart from forming 



DIRECTION OFTHEUGHT. The sun directly behind the subject 
casts the shadow straight towards the camera. Both edges of the 
object may be outlined with a bright light rim. When the sun 
comes slightly from one side, the shadow is cast in the opposite 
direction and only one side is rim-lit , 


interesting patterns: by projecting towards the 
camera they give the picture more depth and 
three-dimensional reality than can be achieved 
by other normal means. 

The sun also produces a bright rim of light 
round the edges of objects and this rim-lighting 
is a further effect that helps to make the subject 
stand out from its background. In addition, the 
rim of light makes the subject appear attrac- 
tively luminous. This luminosity is the greatest 
charm of against-the-light pictures. It can be 
increased still more by using a soft focus lens or 
fitting a diffusing disc before the camera lens. 
When the image is diffused in this way, the 
luminosity pervades even the shadow areas. 
Shielding the Lens. A really efficient lens hood 
is always advisable but against the light it 
becomes an absolute necessity. When lens 
hoods leave the factory they are usually dull 
black inside, but if after long use or by accident 
they become bright inside they must be given 
a coat of dead black paint or they will cause 
the very trouble they are intended to prevent. 

The lens hood should be as narrow as 
possible without cutting off the comers of the 
negative; the safest policy is to buy the one 
made for the particular camera and lens. 

When shooting so much into the sun that 
even the lens hood cannot shade the lens com- 
pletely, it is often possible to get over the 
difficulty by choosing a camera position in the 
shade of a doorway, building, tree, or even a 
telegraph pole, or a friend can hold a hat or 
wallet to shield the camera if there is no 
natural shade. Of course, he must take care not 
to intrude into the field of view. If the camera is 
on a tripod, there is no difficulty in shielding 
the lens in this way with the free hand, and even 
without a tripod it is still possible to hold the 
camera with one hand at shutter speeds of 
1/100 second or shorter. 

Snltable Subjects. People, boats, and in fact 
most snapshot subjects and all pictures of 
activity come out well against the light. With 
portraits there is no need for elaborate lighting 
arrangements. No matter how flat the illumi- 
nation, the rim lighting will give the face, and 
particularly the hair, a halo effect that lifts the 
picture out of the ordinary rut at once. 

Pictures of snow and most subjects that owe 
their appeal to texture or sparkle are always 
improved by being taken against the light. 
With foliage, flowers, icicles and anything thin 
enough to let the light shine through, there is a 
striking translucent effect which is most attrac- 
tive. Sun shining on steam or mist is always 
successful in against the light shots. 

Landscape photographs when normally 
lighted are often difficult because they so fre- 
quently suffer from a lack of tone contrast. 
Against the light, they come to life because the 
shadows separate the receding planes and give 
them depth and atmosphere. This technique 


16 



AGA 



HEIGHT OF THE SUN. The higher the sun, the shorter the 
shadow of the subject. Low sun provides the best lighting for 
against-the-light subjects, as it creates more pictorial shadow 
pattern and the shadows tend to be mellower. 

cannot be used if detail must appear in the far 
distance because everything near the horizon 
tends to disappear in haze. 

When the sun hides behind clouds or shows 
through a thin cloud or through mist it can 
safely be included in the picture. Even the 
dullest landscape can be made into a successful 
picture by putting the horizon to the bottom of 
the picture and making the sky the main theme 
with the sun painting dazzling rims round the 
clouds. This technique is particularly effective 
with sunsets. 

Artificial light sources — e.g., street lamps — 
can often be usefully included in the picture by 
taking the photograph at dusk when the sky is 
still quite light but not bright enough to 
cancel them out. After dark, weak and diffused 
lamps can still be included but the camera 
should be kept at least thirty feet away from 
them. Strong lights, like motor car headlamps, 
must not shine straight into the lens but can be 
photographed if the actual bulb is shaded by 
its own reflector — i.e., if the picture is taken 
from the side. Street scenes at night are vastly 
improved when the pavement is wet because 
then the picture is enriched with reflections of 
the light sources. 

Sunbeams shining through windows into a 
room make fine pictures and it is often worth 
while to shake a mat or rug to raise some extra 
dust to give the beams more brilliance. 


Balancing Contrast. When taking close-ups 
against the light there may be too much con- 
trast between light and shadow areas for the 
film to cope with both extremes. In such cases 
it is an advantage if the shadows can be bright- 
ened by the use of a reflector or fill-in flash. 
Out of doors, the greatest contrast exists when 
the sun shines from a cloudless sky; it is al- 
ways much reduced by reflections from white 
clouds and still more by light haze or mist. 

Light-coloured surroundings such as a sandy 
beach or snow reflect so much light into the 
shadows that they provide the ideal location for 
against the light portraits or animal close-ups. 
When there is no natural reflection it may be 
possible to place the subject near a light coloured 
wall, or to use an artificial reflector — e.g., a 
piece of white or light mounting board or even a 
newspaper. . 

Flash can also be employed to lighten the 
shadows and this is the best method with 
colour material which is apt to tint the subject 
in accordance with the colour of any artificial 
light reflecting surface. 

Exposure. The exposure depends on the type 
of picture aimed at. This applies particularly 
when the sky is used as a background and 
there is no possibility of illuminating the fore- 
ground (or the subject in a close-up). If these 
parts of the picture must show detail there is 
nothing for it but to over-expose the sky. A 
great improvement can be effected by renoun- 
cing the close-up — which always demands extra 
exposure anyway — and taking the picture from 
a greater distance. By finding the half-way 
exposure between highlights and shadows it is 
then possible to get detail in both. If it is not 
possible to take the picture from a greater dis- 
tance there remains the possibility, especially 
when the background is a fine cloudscape, of 
making the foreground object into a silhouette 
by exposing for the clouds. 

Open landscapes taken against the light 
need a fairly short exposure. But the strong and 
dazzling reflections of sun on water are apt to 
mislead the photographer into giving too short 
an exposure. If the exposure is based on these 
highlights the result will be a picture with a 
night effect. 

Sensitized Material. The fastest films are the 
softest and therefore best able to manage the 
greater contrasts of against the light photo- 
graphs. Similarly, soft developers help to 
prevent the highlights from blocking up and 
becoming impossible to print. With correct 
exposure on a good film containing all kinds of 
subjects there is no need to alter normal develop- 
ment technique, but there must never be any 
tendency towards over-development. It may be 
necessary to print on a softer grade of bromide 
paper, and luminous against the light shots 
often print better on soft paper. H.W. 

See also: Contrast control. 

Books: All About Against the Sun Effects , by H. van 
Wadenoyen (London). 
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AGEING OF MATERIALS. Sensitized 
materials that are stored for long periods 
gradually lose their sensitivity. Other troubles 
such as fogging and mottle can also arise. The 
extent to which these effects occur depends a 
great deal on the conditions of storage. 

See also: Expiry date; Faults; Keeping qualities of 
materials. 

AGENCIES. Almost invariably, the photo- 
grapher who has produced a saleable picture or 
picture sequence stands to gain most by letting 
an agency market his work for him. Taking 
saleable pictures and selling them require two 
entirely different kinds of experience. 

The agent is in constant communication with 
editors and others who buy photographs, so 
he is highly informed about current market 
requirements and can place«aleable work before 
the most likely buyer with minimum delay and 
maximum economy. The agent is also well 
informed about the relative prices paid for 
mediocre, good or excellent pictures in various 
markets, so he knows what a particular photo- 
graph is worth and how much to ask for it. 

In return for his services the agent takes a 
commission on sales. 

News Agencies. A news agency is a big organ- 
ization. It employs a staff of photographers 
who cover daily news events, and their pictures 
are circulated to a large number of journals. 
The news agency also accepts work on a per- 
centage basis from free-lances or amateurs who 
happen to be on the scene when something of 
news value occurs. 

The usual procedure for a free-lance who has 
a live news picture that he wants to place 
through an agent is first to telephone the agency, 
explain the happening and state what pictures 
were obtained. Then if the agency is close at 
hand, he should take or send the undeveloped 
film to the agency. If he is in another town, he 
should pack the film, clearly marked “Press 
matter. Urgent. To be called for”, and address 
it with the agency’s name and the terminus 
station and send it by rail or air where possible. 
Inside the pack, he should enclose a note 
marked “Undeveloped film”. In addition, he 
must include caption material based on the six 
imperatives of news reporting: who, what, 
why, when, where and how? Many a first- 
class picture fails to get published through 
lack of full information. 

The film will be processed by the agency and 
prints made and circulated (often within half 
an hour of getting the film) to a number of news 
editors on a non-exclusive basis. (Top-line 
agencies now have branches with wire machines 
in all large towns.) No photographer working 
alone could hope to do this. The news agency 
service often covers foreign markets, too, and 
it is not unusual for a single news picture of 
merit to be sold fifty times. 

The news agency will take 50 or 60 per cent 
of sales revenue. This is a fair return in view of 
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the printing costs, staff hours and the highly 
organized distribution that makes so many 
sales possible. 

Feature Agencies. The feature agency deals 
with pictures of general interest which are 
neither as topical nor as urgent as those 
handled by a news agency. A feature picture 
deals with a particular aspect of the news — 
e.g., photographs of a race meeting are news 
pictures, whereas photographs of the faces of 
the spectators, showing their various reactions, 
are feature pictures. The best feature agencies 
probably supply editors with the greater part of 
the pictures they use on personalities, beauty, 
interesting occurrences, ways of doing things, 
people with unusual hobbies or queer pets, new 
developments in the social sciences and ameni- 
ties, and anything of a curious or humorous 
nature — in fact, whatever is of general interest, 
but not direct news. 

The free-lance who tries to cover the news 
interest of an event at which staff photo- 
graphers are present is often wasting his time. 
His best plan is to look for a feature that has 
escaped their notice. Good pictures in this 
class can be sold days after the event, when 
straight news pictures are dead. 

Feature Agency Terms. The photographer who 
makes use of the best type of feature agency 
can expect the f olio wing conditions. 

The photographer will supply negatives and 
contact prints. From these, the agency editor 
will order from his own printer enough single 
pictures or sets to supply all interested markets 
at home and abroad. The agent deducts a 
fixed percentage share. As terms do vary 
somewhat with different agencies the photo- 
grapher should get exact terms from his 
agent in writing. 

Advice on sales possibilities of a proposed 
picture or picture-story will be given before it 
is undertaken. The agent is always ready to 
discuss the photographer’s ideas for pictures or 
series and his wider experience often enables 
him to add just the necessary angle, or twist, 
that will make a story saleable. There should be 
no extra charge for this or any other additional 
service. 

Current information on editorial trends and 
requirements should be passed on by the 
agent to the free-lances who deal with him. He 
should point out in particular when there is a 
possibility of a suitable feature in the photo- 
grapher’s own district. 

Assignments are received by some agents 
from editors, mainly of overseas magazines, 
who wish to run a story on an event or per- 
sonality in this country. This well-paid work is 
handed out by the agents to free-lances, and 
preference is naturally given to those who 
bring in original material of their own. 

The agent may finance a story of the photo- 
grapher’s choosing, if he feels that the chance 
of success is worth the risk. This enables the 
free-lance to undertake a worth-while story 



which he could not afford to proceed with on 
his own. 

It sometimes takes a month or more for the 
agent to receive payment from an editor. If 
the agent feels that a photographer is able to 
produce regular, saleable work, he may advance 
him a weekly sum of money until payment for 
sales catches up. 

Pictures can lie in a photographer’s files for 
years without being sold. If they are kept in an 
agent’s files, they will constantly be turned over 
by book illustrators, calendar printers, adver- 
tisers, artists needing a picture for reference, 
and magazine representatives looking for 
pictures of a particular subject. Landscapes, 
happy children, pretty girls, pets and beach 
scenes, are among the file pictures which may 
sell five weeks or five years after they were 
taken. 

From one to five guineas is normally paid, 
depending on the purpose for which the picture 
is required. In certain cases a calendar printer 
may pay fifteen guineas. Twenty would be 
quite ordinary for a national magazine cover, 
and a picture chosen for a national advertise- 
ing campaign might well fetch more. 

The commission varies from agent to agent. 
One agent will charge a commission of 50 per 
cent on home and overseas sales, and pay all 
of the costs of printing. Another may charge 
40 per cent and pay half the printing costs. 
Probably the lowest commission asked by an 
agent is 35 per cent on home sales, 50 per cent 
on overseas sales (which have to be shared with 
the overseas agent) and a share of the printing 
cost. 

Exclusive Rights. These are the most important 
words in picture selling and in the agent- 
photographer relationship. News agencies 
normally offer pictures to news editors on a 
non-exclusive basis. The editor pays a standard 
rate, and knows that the picture may be bought 
by his competitors as well. On the other hand, a 
feature editor will pay five or ten times as much 
for a feature picture on an exclusive basis, 
knowing that it will enhance his paper’s repu- 
tation for original pictures. He will seldom buy 
a good feature picture offered on a non-exclu- 
sive basis, because he knows it may also be 
used by a competitor. 

The good agent obtains the highest fees 
possible by selling “first publication rights” 
to a single paper or magazine. The photo- 
grapher must of course tell his agent if a 
picture supplied by him has already been sold 
or he may be responsible for a serious infringe- 
ment of copyright or exclusive rights as a 
result of which both parties might have to 
pay heavily in cash and reputation. 

Specialist Agencies. Apart from the general 
agencies, there are a number of small specialist 
agencies, each concerned with supplying 
pictures to a limited market, such as art or 
technical journals, or those concerned with 
the theatre, fashion or travel. Each of these is 
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well known to editors, dealers, the trade, and 
publicity firms concerned with that particular 
market. These agents know what pictures are in 
demand in their own spheres and so know 
exactly where to place free-lance pictures that 
meet their requirements. 

Having found a good agent, the photo- 
grapher will do well to stay with him. Changing 
about 'and sending sets to various agents in 
order to find out which makes most money, 
serves no useful purpose. Whether a picture is 
exclusive or non-exclusive it can only be 
offered by one agent at a time, so direct com- 
parison is not possible. 

Buying from an Agency. Anyone requiring a 
photograph for reproduction or display should 
telephone an agency that specializes in the 
particular subject or is likely to have a selection 
of pictures dealing with it. This is better than 
making a personal call in the first instance, as 
it will give the agency’s librarian time to look 
out suitable material in advance. Some agencies 
charge a search fee for this. 

Agencies do not like sending out selections 
of file copies to prospective clients unless they 
do regular business with them. The trouble 
involved in sorting and sending, and the inci- 
dental costs of recovering unreturned prints 
and reprinting damaged ones, is not covered by 
the fees paid for those sold. R.S. 

See also: Reproduction fees; Selling photographs. 

Books: All About Selling Photographs , by B. Alfieri 
(London); How to Take Photographs that Editors will 
Buy , by R. Spillman (London); The Market for Photo- 
graphs (London). 

AGITATION. Term applied to the various 
methods of keeping the solution or sensitive 
material in motion during processing. The 
movement is intended to bring fresh chemicals 
into contact with the emulsion surface. 

The usual method of agitation is to move the 
film either intermittently or continuously 
during processing. Daylight processing tanks 
for single film lengths incorporate a rod which 
engages with the film bobbin so that it can be 
rotated; some types also allow vertical agita- 
tion by pushing downwards on the rod. Plate 
tanks do not usually have agitators and it is 
necessary to rock the whole tank body. 

Mechanical devices for automatic agitation 
have been tried, but motor driven agitation is 
liable to cause uneven processing due to the 
regular intermittent effect of the power with 
all but the smoothest motors. 

AIRBELLS. Bubbles of air which adhere to the 
surface of the emulsion on plates, films and 
printing papers. Unless removed by brushing 
the surface with the finger or by agitating the 
solution, these bubbles prevent the developer 
from acting on the emulsion and leave clear 
spots on the finished negative. The use of a 
wetting agent does much to stop airbells from 
forming. 

See also : Faults. 
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AIR BRUSH 


The air brush has been in existence for well 
over fifty years and during that time has be- 
come an essential tool for every commercial 
art studio. It brings within the scope of the 
artist effects that are difficult, if not impossible, 
to obtain with the brush. Colour can be much 
more quickly applied than with any type of 
brush with the added quality of a perfectly 
even coat and the ability to achieve an infinite 
variation in tones. 

The air brush projects liquid colours on to 
the paper or othersurface in the form of a cone- 
shaped spray pattern of extremely finely 
atomized colour by means of compressed air. 

The air brush is used by photographers for 
colouring photographs, working up positives 
and negatives, introducing cloud effects, 
removing unwanted backgrounds and general 
touching-up. It is also very widely used for 
process retouching, working up litho plates 
and even for applying gum to photographs. 
Construction. The air brush is an instrument 
about the size and shape of a fountain pen. In 
place of a nib, there is a pointed nozzle through 
which the spray of colour is projected. Im- 
mediately behind the nozzle there is a paint 
reservoir, and behind that there is a control 
button placed so that the tip of the forefinger 
rests naturally on it when the brush is held 



AIR BRUSH COMPONENTS. The essential parts of anair brush 
are the brush itself A, and the air supply. The latter may be 
derived from either a cylinder of compressed air B, or an air 
reservoir D. Such a reservour would be replenished by a pres- 
sure pump C or a foot pump E. In every case a pressure gauge 
and control valve are desirable to check and regulate the 
pressure of the supply and so ensure even spraying. 
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pencil-wise in the hand. Below the control 
button is a connexion for the flexible com- 
pressed air pipe. 

The control button can be moved in two 
directions ; it can be pressed down to allow com- 
pressed air to enter from the pipe and pass 
through the nozzle, and it can be pressed back 
to withdraw the needle of a valve connecting 
the paint reservoir to the nozzle. By suitable 
manipulation of the finger button, it is possible 
to control the covering power of the brush from 



AIR BRUSH OPERATION. I. Normally both the air valve from 
the compressed air supply and the needle valve of the paint 
reservoir are closed. 2. Pressure on the control button opens 
the air valve. 3. Pulling back the button opens the needle valve; 
the compressed air stream carries the paint away from the 
needle tip in a stream of tiny droplets. 

a fine hairline to a band of colour up to two 
inches wide. 

The normal colour container has a small 
capacity as the artist rarely wishes to use 
more than a dozen or so drops of any particular 
colour at one time. Air brushes with larger 
colour containers are made for small poster 
and repetition work. 

Water, light oil or spirit colours can be 
used in the air brush, but all pigmented colours 
must be finely ground and free from sediment 
or lumps. 

Compressed air for the air brush is supplied 
by an electrically-driven compressor or a foot 
pump and is stored in an air receiver at a 
pressure of about thirty pounds per square 
inch. The instrument is connected to the air 
receiver by means of a length of flexible rubber 
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HOLDING AN AIR BRUSH. Let the instrument rest lightly in 
the hand, with the airline looped out of the way round the wrist. 
The index finger operates the control button. 

hose with suitable connexions to make an 
airtight joint. 

On passing through the air valve, the com- 
pressed air goes through air passages to the 
air cap at the front of the instrument. This air 
cap entirely surrounds the fluid nozzle, the 
tip of which lies centrally in the hole at the 
front of the air cap. When the compressed air 
passes out through the air cap it drives forward 
in an expanding cone, at the same time creating 
a slight vacuum within the fluid tip and sucking 
colour from the cup through the needle valve. 
On mixing with the air stream the colour is 
atomized into very finely divided particles. 

Use. The instrument is held between the index 
finger and the thumb exactly as a pencil is 
held, but with the tip of the forefinger resting 
lightly on the top of the finger button. The 
nozzle of the air brush should be pointing at 
about forty-five degrees to the surface to be 
sprayed whilst the air hose lies naturally across 
the palm of the hand. 

To operate the instrument the finger button 
is first pressed downwards when compressed 
air immediately passes through the air cap, 
but no colour emerges. The finger button is 
now drawn backwards slowly, but still keeping 
the downward pressure, and the instrument will 
start to spray colour. The farther the finger 
button is drawn back, the greater will be the 
amount of colour sprayed. When ceasing to 
spray, the finger button must be allowed to go 
right forward before releasing the downward 
pressure on it. If this is not done, a particle of 
unatomized colour will remain in the nozzle and 
blow on to the paper in a blob the next time 
the button is depressed. 

A certain amount of practice is necessary to 
enable the user to master precise control of the 
flow of colour, but once he gets the “feel” of 
the finger-button action proficiency will quickly 
follow. 

To draw a very fine line, the instrument is 
held with the nozzle practically touching the 
paper, but at an angle to allow the released air 
to escape. The finger button must be drawn 
back only very slightly, as otherwise far too 


much colour will be released, and the air brush 
must be kept moving fairly quickly along the 
line or the colour will build up to form a blob. 

For filling in areas of solid colour the air 
brush should be from three to four inches from 
the surface and the area to be covered filled in 
with steady, even strokes, holding the instru- 
ment at the same distance from the surface 
throughout the operation. Each stroke should 
overlap half the width of the previous stroke 
to obtain an even coverage. As the movement of 
the air brush ceases at the end of the stroke, 
the finger button is allowed to go forward to 
cut off the flow of paint and it is not drawn 
back again until the brush is starting the next 
stroke. 

Graduated shading is produced simply by 
controlling the distance the finger button is 
drawn back in relation to the distance of the 
brush from the paper. For instance, if the 
button is drawn back very slightly as when 
drawing a fine line, but with the instrument 
some distance from the surface, an almost im- 
perceptible haze is applied which can be 
graduated right up to solid colour by gradually 
drawing back the finger button. 

It is possible to impart a stippled finish 
with an air brush simply by reducing the air 
pressure. This process is particularly suitable 
for some litho work where a comparatively 
coarse grain is essential. 




SPRAYING WITH MASKS. I . On a sheet of tracing paper or 
varnish paper trace an outline of area to be masked from the 
photograph to be air brushed. 2. Carefully cut out mask. 3. Lay 
over area to be protected, register with outline of image, and 
weigh the mask down with coins or small weights. Finally 
apply air brash to parts to be sprayed. 
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SPRAYING CLOUDS. Fluff out a piece of cotton wool of suitable 
size, hold in position on print with a fork, and spray over sur- 
rounding portion. Add modelling after removing cotton wool. 

Stencils and Masks. For photographic re- 
touching, particularly of engineering subjects 
where sharp images and good contrasts are 
required, it is a simple matter to confine the 
effect of the brush to a sharply defined area by 
cutting a stencil to mask off the rest of the 
photograph. These stencils are cut from a 
special transparent varnish paper which will 
adhere lightly but firmly to the surface of the 
photograph. A sheet of the varnish paper is 
smoothed on to the print and the artist cuts 
around the outline of the part to be sprayed 
with a very sharp-pointed stencil knife, apply- 
ing just sufficient pressure to cut through the 
varnish paper only. The cut-out portion is then 
lifted out, leaving the required part of the 
picture exposed. 

Some artists prefer to lay a piece of draughts- 
man’s tracing paper over the photograph and 
draw around the area with a fine pencil. The 
tracing paper is then laid on a sheet of card- 
board and the mask cut out by going over the 
pencil line with a sharp penknife. This method 
has the drawback that the mask does not 
adhere to the surface of the print and, no 
matter how carefully it is pressed down, there 
is always a risk that the air pressure will blow 
colour under the edge and blur the outline. 

Masks used in close contact with the paper 
give a sharp outline which is suitable for 
technical subjects, but is generally too hard for 
normal subjects — e.g., portraits or landscapes. 



SPRAYING DISTANCE. The farther the air brush is held from 
the surface to be sprayed, the larger the area covered by the 
spray. For fine lines and detail hold the brush really close. 
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In such cases the mask is traced on to stiff 
paper or card which can be held away from the 
surface of the print. The farther the mask is 
held from the surface when the spray is applied, 
the softer the outline. This technique would be 
suitable for darkening the lips in a portrait 
where a mask in contact would produce an 
obvious edge. 

Compressed Air. The air should be maintained 
at a regular pressure to ensure first-class work, 
and it should also be perfectly clean and free 
from oil and condensed moisture. It is always 
best to use a compressor designed specially 
for studio use and to follow instructions given 
by the manufacturer to drain accumulated 
water from the air receiver at regular intervals. 

Before connecting up the air brush, the air 
should always be allowed to blow through the 
hose for a short time to remove any dust 
particles that may have lodged there. To avoid 
unnecessary wastage of compressed air, it is 
essential for the air hose connexions to be 
screwed firmly on to the nipples provided on 
the air receiver and air brush. This must always 
be done with the fingers only; it should never 
be necessary to use a tool. 

Where the air brush is used for a variety of 
processes, it is advisable to have a supplemen- 
tary air-pressure regulating tank which enables 
the pressure to be varied from high to low and 
back again without having to waste time waiting 
for the air compressor to build up the air 
pressure. 

Air Pressure. Whilst each air brush can be 
relied upon to do the work claimed for it by the 
manufacturers, it will be found that each instru- 
ment has a certain amount of individuality and 
no two air brushes are exactly alike in their 
touch and performance, particularly after they 
have been in use for some time — one instru- 
ment will work best with an air pressure of 28 
pounds per square inch, whilst another will 
need 32 pounds. That is why even in a big 
studio an artist generally prefers to work with 
his own air brush. 

Cleaning. It is most important to keep the air 
brush scrupulously clean. If colour is allowed 
to harden in the fluid nozzle, it will most pro- 
bably be damaged beyond repair. Immediately 
after use and whilst the colour is still in a moist 
condition any colour remaining in the colour 
cup should be emptied out and replaced with 
clean water for water colours, turpentine for 
oil colours or methylated spirit for spirit 
colours. Any colour adhering to the cup is 
then removed with a small, stiff brush. 

The colour cup is then emptied and refilled 
with the appropriate solvent and a little is 
sprayed through the instrument. Next a finger- 
tip is pressed lightly over the front of the air 
cap and the finger button is depressed and 
pulled back so that the compressed air is 
blown back through the front of the fluid 
nozzle into the colour cup. By agitating the 
solvent in this way it cleans the fluid passage 


thoroughly from the cup to the nozzle. It may 
be necessary to empty the cup and repeat the 
cleaning process until all traces of colour have 
been removed from the instrument. Great care 
should be taken not to spill any liquid into the 
slot through which the finger button lever 
works. 

If the air cap becomes clogged with dried 
colour, it is unscrewed from the instrument and 
cleaned carefully inside and outside with a 
stiff brush and the appropriate solvent. The 
hole in the air cap can be cleaned with a splint 
of soft wood, but on no account should a metal 
implement be used or it may injure the cap 
and produce an imperfect spray pattern. When 
the air cap has been removed, the exterior of 
the fluid nozzle can be carefully cleaned with 
a soft rag immersed in cleaning fluid. Fluffy 
material should not be used for this purpose. 
When the air cap is replaced, it should be 
tightened up with the fingers only. 

Common Troubles. The following notes indi- 
cate the probable causes of the commoner air 
brush troubles. 

Air brush sprays broken line: the trouble 
may be caused by using too coarse a pigment. 
It can be prevented by ensuring that the colour 
is finely ground and filtered through a fine 
mesh muslin to eliminate any large particles. 
Thoroughly clean the fluid nozzle, needle and 
air cap. 

Coarse texture line and spray pattern : the air 
pressure is probably too low. The normal work- 
ing pressure is about thirty pound per square 
inch, but it may have to be increased to as high 
as forty-five pounds when heavy bodied colour 
is used. This defect may also be caused by hold- 
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ing the air brush too close to the surface of the 
paper. 

Uneven line or one-sided spray pattern: 
there is probably an obstruction in the air cap 
which should be removed and cleaned out. 

Colour leaking at nozzle when the fluid 
needle valve is closed : colour has been allowed 
to dry in the fluid nozzle and must be removed 
by prolonged cleaning with the appropriate 
solvent — i.e., water, turpentine or methylated 
spirit. 

Air brush spits during spraying: pigment 
may have built up on the front of the air cap 
through using a colour of too thick a consis- 
tency or too low an air pressure. Pigmented 
colour suitable for air brushing should have the 
consistency of milk. 

Air brush spits at beginning and end of each 
stroke: the instrument is not being used 
correctly. The finger button must be depressed 
all the time the needle is drawn back, other- 
wise colour will be left on the point of the 
nozzle and blown off as a spot at the beginning 
of the next stroke. 

This defect may also be caused by dirt or 
solid colour particles on the seating of the 
needle valve which prevent it from closing 
completely and allow liquid colour to flow past. 

The faults referred to are those that can be 
dealt with by the user, but any of them may be 
caused by a defect in an integral part of the air 
brush, in which case the wisest plan is to 
return the instrument to the maker for examina- 
tion. J.E.S. 

Books: Airbrush Technique of Photographic Retouching, 
by W. F. King and A. L. Slade (New York); Retouching, 
by O. R. Croy (London). 


AIRCRAFT CAMERA 


Air photography proper has two main pur- 
poses: to provide maps and economic inform- 
ation in peacetime and reconnaissance in 
wartime. There is some overlapping because 
air survey maps are also made during a war. 

Survey cameras tend to resemble one another 
and show little departure from basic essentials, 
while reconnaissance cameras take varied 
forms according to their role. Special cameras 
are used in missile recording. 

All air cameras must be very robust in con- 
struction to stand the relatively rough handling 
they inevitably meet. 

Survey Cameras. In principle the survey 
camera is a rigid, fixed-focus instrument de- 
signed to take roll films. It has some means of 
holding the film dead flat in the picture aper- 
ture, and the conventional bellows is replaced 
by a metal cone. The lens, with its integral 
shutter, is mounted at the end of the cone and 
deeply hooded. The operation of the camera is 
carried out automatically by an electrically 
driven controller unit. All parts are machined 
to a high degree of accuracy. 


Optical Unit. Since the subject is always as 
infinity, no focusing is required. The lens it 
fixed permanently at one end of the cone or 
optical unit; the register glass which defines the 
focal plane being likewise fixed permanently at 
the other. The survey camera is required to 
measure angles between objects on the ground 
with the precision of a theodolite, and for this 
to be possible the op'ical unit must be rigid 
with no possibility of relative movement be- 
tween lens and focal plane once assembled. 

The register glass against which the film is 
located by the pressure plate is a feature of 
British survey cameras, but American and 
Continental designers favour a different system 
in which the film is held flat by vacuum against a 
rigid flat metal plate while pressed down against 
a metal frame defining the focal plane. The 
film should be held flat to 0 0005 in. or better 
because small departures from flatness which 
have a negligible effect on definition cause 
appreciable errors in the map. 

The cone is an alloy casting, the locating 
faces for lens mount and focal plane being 
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machined flat and parallel within fine limits. 
Diaphragms are often cast on the inside of the 
cone to keep flare light to a minimum. 

In cameras fitted with a register glass this is 
often engraved with an accurately calibrated 
grid. By reference to the grid pattern on each 
picture it is possible to correct for small resi- 
dual distortions which occur even with survey 
quality film base. 

With a distortion-free lens, rays entering at 
any angle with the optical axis would emerge 
on the image side at the same angle, thus the 
angles subtended at the lens by image points 
would be exactly the same as those subtended 
by corresponding objects on the ground. Since 
no lens is perfect, the camera is calibrated 
before use by determining the departures from 
this exact angular relationship at every point 
in the field and drawing a distortion curve. The 
lens is set at the focus position which gives 
best over-all definition, and a value of cali- 
brated f ocal length is adopted which gives the 
lowest average distortion over the negative 
area. 

Modem survey lenses have strikingly low 
distortion figures; in the best examples no 
image point is displaced from its theoretical 
position by more than 0 01 mm. 

Survey cameras are very commonly used at 
heights of 15,000-20,000 feet, a 10 foot object 
then being reproduced by a 6 ins. lens as a 
patch 0 004 in. diameter. Thus the need for 
good resolution can be appreciated. Formerly 
the lens resolution was the limiting factor, even 
with the somewhat grainy high-speed film 
normally used. With the best modem lenses 
this is no longer true except in the outer zones 
of the field. Typical resolving powers for low 
contrast detail on Aero type film are 23 lines 
per mm. axially and 1 5 lines at the limits of the 
field. 

Format and Focal Length. In Britain and 
America, the standard format is 9 x 9 ins., 
but the 7 x 7 ins. size (18 x 1 8 cm.) is favoured 
by many Continental users. For wide-angle 
survey in making topographic maps (scale 
1 : 20,000 to 1 : 60,000) the lens angle of 
view is commonly 45° across the semi-diagonal, 
while for larger scales approximately 60° is 
usual. Corresponding focal lengths are 6 ins. 
and 12 ins. for the 9 x 9 ins. format, 1 1-5 cm. 
and 21 cm. f or the 1 8 x 18 ins. image. 

Apertures do not normally exceed / 5-6 for 
wide-angle lenses or /4 for those of normal 
angle. 

Shutter. The inter-lens shutter is another 
characteristic feature, focal plane shutters 
bciDg inadmissible on account of the distortion 
caused by the forward movement of the air- 
craft during the transit time of the curtain. 
These shutters are basically similar to those 
used on hand cameras, but the springs are 
wound electrically between exposures. They 
have to stand lengthy periods of use, and 
difficult problems are involved in securing 


reliability with efficiency, especially at the 
higher speeds and larger diameters. 

Exposure times down to 1/300 second are 
commonly provided, though in some cameras 
of recent design briefer times even down to 
1/800 second are claimed. In the past, louvre 
shutters have been tried, but have been largely 
abandoned on account of uneven illumination 
and ill-effect on definition. 

Operation. Operation of the camera throughout 
the complete cycle is automatic and repeats 
at intervals determined by setting the con- 
troller unit. This unit provides electrical pulses 
at regular intervals, each pulse triggering the 
shutter, causing the film to wind on and 
re-arming the shutter ready for the next 
exposure. The time interval is determined by the 
aircraft speed and height, format-size and focal 
length of lens; typical controls for survey use 
provide intervals from two seconds to a minute. 
Intervals may be computed in the air for each 
run or may be set automatically by remote 
control from a tachometric sight. 

Exposure is regulated according to the spaed 
of the aircraft and the scale of the photograph. 

A minus-blue filter is most commonly used 
in conjunction with panchromatic film to 
reduce to a minimum the loss of contrast due 
to haze. 

The film is carried in magazines which pro- 
vide for a large number of exposures — e.g., 
250 or 500, but in spite of this it is often neces- 
sary to change magazines in the air during long 
survey flights. 

Mounting and Installation. The mounting serves 
to locate the camera positively in the aircraft, 
to insulate it from vibration and landing shocks, 
and to provide drift adjustment. The latter is 
required because the axis of the aircraft does 
not point along the line of flight, when flying 
along a given course in any wind coming from 
the side. In other words, the aircraft moves 
simultaneously forward (due to its engines) 
and drifts sideways (due to the wind). So the 
camera must be rotated about a vertical axis 
through a corresponding angle to ensure that 
the edges of the photographs are parallel 
to the line of flight. Drift adjustment up to 30° 
may be provided. The anti-vibration elements 
are so designed that negligible angular move- 
ment is transmitted to the camera during the 
time of exposure. 

Heating is provided to counteract the low 
temperaturesat altitude, by enclosing thecamera 
and photographing through an optically flat 
window and maintaining a stream of warm air 
around the installation. 

Reconnaissance Cameras. Reconnaissance 
photography differs from survey photography 
in the following ways: — 

(1) It may have to be done at any height from 
just above ground level to the highest altitude. 

(2) The speed of the aircraft will in general 
be much greater, and as a camera platform, 
the aircraft may not be so steady. 
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AIRCRAFT CAMERA. The comero consists essentially of three sections: the cone, the shutter assembly, and the film magazine and 
transport unit. 

Top Left: Complete camera unit against l-in. grid to show scale. 

Bottom left: The main features of the camera ( shown without the magazine cover) are A, take-up spool friction; B, counting 
unit; C, feed spool friction; D, counter arm adjuster; E, gear box assembly of shutter; F, shutter speed adjustment; G, plug block 
for electrical connexions; H, baffles; I, lens; J, irisdiaphragm adjustment. 

Top right: The main parts of the film magazine are: K, magazine cover; L, pressure plate; M, driving sprocket; N. take-up 
spool drive. 

Bottom right: The shutter unit includes : O, hand release button ; P. shutter blind; Q, register glass to keep film flat. 

The Comoro lakes roll film yielding 500 exposure* 7J x 9 ins. and takes interchangeable lenses in detachable cones. 
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(3) Mapping or precise measurement from 
the photographs is not required. 

(4) Cameras may be needed in diverse types of 
aircraft, mounted both obliquely and vertically. 

It follows that there is a wide range of types 
and sizes of such cameras, all capable of with- 
standing vibration and high “g’s” (gravita- 
tional pulls). Interchangeable lenses may be 
used with a wide range of focal lengths. Dis- 
tortion errors may be accepted up to a few 
per cent allowing the designer more freedom. 
Focal plane shutters and image movement 
compensation are employed and unorthodox 
approaches such as the strip camera and pano- 
ramic cameras are admissible. Cycle fre- 
quencies are faster, up to eight per second for 
low altitude work. 

Apart from the 16 mm. cine cameras used 
in combat recording, format sizes range from 


2} x 2i ins. to 9 x 18 ins.; focal lengths 
from 3 to 48 ins., and apertures up to /1-5. 
In general the emphasis is on high resolu- 
tion, but for special purposes such as night 
photography it may be necessary to accept 
lower resolution for the sake of increased 
aperture. Film capacity varies according to 
aircraft endurance, but is in general of the same 
order as for survey. 

Missile Recording. Special 16 and 35 mm. 
cameras are used in pilot-less target aircraft to 
record attacks of guided missiles, and to deter- 
mine exact miss-distances. The cameras are 
contained in “pods” attached to the wing tips, 
have ultra-wide angle lenses with angles up to 
140 or 160 degrees, and work at framing rates 
up to 200 f.p.s. Using several cameras thus 
gives 360 degrees coverage. The cameras are 
started by remote control (i.e. radio) systems. 

G.C.B. 


AIR FORCE PHOTOGRAPHY. Photography 
is used in the Royal Air Force for two principal 
types of picture — vertical shots from high 
altitudes, and oblique, from lower down. The 
high altitude shots are taken to give a general 
map-like picture of the disposition of features 
of military interest, while the low shots are 
mostly taken to record details of bomb damage. 
In both types the basic requirements are the 
same — i.e., the result must be a clearly defined 
picture from which special Intelligence staff 
can obtain details of military and other installa- 
tions in which they are interested. Precise 
details of the cameras currently used for this 
work are necessarily secret, but there are 
traditional designs intended especially for 
aerial work; the specific problems in building 
and operating suitable instruments for modern 
conditions are outlined below. 

Vertical Pictures. The altitudes from which 
vertical photographs are taken may now be of 
the order of 50,000 feet. If altitude were the 
only problem the solution would be the simple 
one of increasing the effective focal length of 
the lens until the image required was effectively 
resolved. Unfortunately, this would do nothing 
to overcome the limitations set by movement of 
the aircraft, vibration, haze, and the prablems 
of night photography. 

War-time research has done much to answer 
these difficulties; by the end of hostilities, 
lenses had been improved so far that detail of a 
given size for a given focal length of lens could 
be resolved from nearly twice the height pos- 
sible at the outbreak of war. Designers of 
lenses now realize that the resolving power of 
a lens as determined by microscope, that is to 
say by visual means, is not the same when 
measured on film emulsions. In the past, 
because a good lens usually had a much higher 
resolving power than fast film (according to 
such visual measurements), it was thought that 
the film should be improved before the lens. 


This idea has now been proved false, and the 
result has been a substantial improvement in 
the manufacture of lenses so that long-focus 
lenses at least are now almost optically perfect. 

One way of improving the reproduction of 
fine detail at the present-day operational 
heights is to use a lens of longer focal length. 
But the focal length that can be used is limited 
by the space available in the aircraft. 

On the other hand, it is not possible to 
achieve greater resolving power by the use of a 
slower film of greater resolution without in- 
curring penalties in other directions. The 
resulting increase in exposure may introduce 
even greater problems. For instance, where a 
photograph taken from 25,000 feet might need 
an exposure as short as 1 /300 second, to pro- 
duce a comparable picture from 50,000 feet 
with a lens of longer focal length and an emul- 
sion of higher resolving power but corres- 
pondingly lower speed, an exposure of 1/5 
second would be needed. The increased 
exposure demands accurate mechanism for 
moving the film while the shutter is open; 
an elaborate anti-vibration mounting and firm 
stabilization of the vertical axis of the camera. 

All this means that the camera for high speed, 
high altitude photo reconnaissance is a com- 
promise of several factors; long focal length, 
high resolution emulsion, moving Aim, vertical 
stabilization of the camera and efficient anti- 
vibration mounting. A focal length of the order 
of 50 ins. with an exposure around 1/300 
second may be taken as average for a camera 
for this type of work. The camera and various 
other types of instrument necessary for other 
specialized duties are often built in as integral 
parts of the photographic reconnaissance 
aircraft. 

Haze. The above design considerations do not 
take into account the all too frequent obstacle 
of haze. Unfortunately, haze-producing condi- 
tions are not all confined to the lower altitudes. 
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Although there is much yet to be learned about 
the photometric effects of the upper air, it is 
known that at altitudes in excess of 20,000 feet 
there is considerable scattering of light from 
suspended dust and moisture particles. The 
general result is a loss of contrast which has its 
most serious effect on the darker tones of the 
subject. However, an air photograph need not 
reproduce the tones of the subject exactly as 
they appear to the human eye. Infra-red may 
be used deliberately to distort the monochrome 
contrasts to give greater clarity in some parts of 
the scene and the use of a bi-pack consisting 
of panchromatic and infra-red film which can 
be processed to give separate panchromatic 
and infra-red prints may well provide the best 
result. But considerable experimental work at 
heights around 50,000 feet is still required to 
solve the haze problem. 

Night Reconnaissance. Air photography in the 
Royal Air Force is not confined to clear sunny 
days. Height and speed are normally the only 
safety precautions the photo reconnaissance 
aircraft can employ against enemy opposition 
and, unlike the bomber, its mission cannot 
succeed unless it lands back safely in its country 
of origin. Under these circumstances and also 
because of the need for the immediate assess- 
ment of the damage caused by raids and other 
military operations, night photography plays a 
most important r61e. 

For certain types of subject it is possible to 
employ an electronic flash produced by .releas- 
ing through a special tube a condenser charge 
built up by an engine-driven generator in the 
course of the outward flight of the aircraft. But 
so far the pyrotechnic Hash holds its own as the 
best type of illuminant and there is no great 
difficulty in making flash bombs big enough to 
cover any target area from any altitude. Un- 
fortunately, as the size of the pyrotechnic 
charge increases, so does the duration of the 
flash. Open flash technique is essential, since 
the entire light output must be utilized, and 
1/10 second is about the minimum that can be 
expected with this type of flash. Again, there- 
fore, the requirements for high-level daylight 
photography — moving film, anti-vibration 
mountings, and vertical stabilization — are also 
essential in successful work at night. Here too 
the problem of haze looks as if it will be one 
of the most serious obstacles to night photo- 
graphy at the higher altitudes. 

Oblique Pictures. The limits set by aircraft 
design and performance are just as decisive in 
low altitude oblique reconnaissance. Aircraft 
considerably smaller than the type used for 
high-level reconnaissance are in the main em- 
ployed for this type of work. These machines 
are capable of speeds faster than sound and in 
the design of any photographic equipment 
carried aerodynamic considerations must be 
given the first priority. Odd protuberances are 
out of the question on the surface of a modem 
fighter aircraft and it may even be necessary 
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to incorporate the outer component of the 
lens as part of the fuselage of the aircraft. 
Cameras must be kept as small as possible and 
since at such high speeds it is impossible for 
the pilot to gauge the exact instant of exposure, 
it is desirable to use either a cinematograph 
camera or at least a camera that will auto- 
matically make a series of exposures to 
"bracket” the target area. R.W.B.T. 

See alsor Aerial survey / Aeroplanes; Aircraft camera ; 
Naval photography. 

AIRGRAPH. Letter transmitted as a micro- 
film copy from which the receiver is given an 
enlarged print. 

See also: Microcopying. 

AIR PHOTOGRAPHS. Photographs can 
easily be taken from aircraft using equipment 
normally employed for outdoor work with 
little or no modification. 

Amateur Pictures. The view from the windows 
of airliners is not always good, but, with luck 
in getting a seat and clear weather, quite rea- 
sonable records of a flight can be obtained with 
small hand cameras. If the photographer is 
fortunate enough to fly in a private aircraft, 
the view will be better and the scope for com- 
position correspondingly greater. 

Photography should only be attempted 
when close to the ground, say 1,000 feet or 
lower, unless another aeroplane or a striking 
group of clouds or mountains forms the motif 
of the picture. While the choice of apparatus is 
not critical, a direct vision finder is to be pre- 
ferred, panchromatic film and a pale yellow 
filter are usually best, and shutter speeds of 
1/100 second or less should not be used. Ex- 
posure may be calculated as for distant land- 
scapes, but a meter is preferable. Development 
should be for high contrast. Colour work can 
be done quite successfully, but an ultra-violet 
absorbing filter or haze filter is almost essential. 

Yellow, orange, or red filters may be needed 
for black-and-white photography to eliminate 
haze. 

Vibration may be a problem, and the camera 
should not be rested on window frames, etc. 
Airliners are not normally troubled by bumpi- 
ness, but the smaller aircraft will present 
problems in turbulent weather, and the propor- 
tion of successful shots may be small. Photo- 
graphy from open cockpit aircraft calls for 
considerable skill and some thought should be 
given to protection of bellows cameras against 
the force of the wind. The best results will be 
secured by co-operation with the pilot, because 
composition can only be attempted with his 
aid, and photography with a clear view is often 
easiest if the aircraft is steeply banked at the 
critical moment. 

Before attempting photography from air- 
liners, the amateur should verify that this is 
not forbidden by the regulations of the country 
over which the aircraft is flying. 
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Press Pictures. By logical extension the same 
approach would serve for occasional pro- 
fessional work of a pictorial, press, or record 
kind, yielding pictures with a broadly pictorial 
motif or news interest such as appear regularly 
in the press. These are taken for general 
interest and are not essentially different in 
technique or outlook from ground photo- 
graphy, nor do they account for more than a 
small fraction of all the film exposed in air- 
craft. Hand-held cameras are manufactured 
especially for this class of work. They have some 
of the features of the aircraft camera proper, 
such as rigid construction, absence of focusing, 
shutter for short exposures only, but are usually 
smaller and adapted for use in the hand. 

An essential characteristic of all these pic- 
tures is that they show the scene in normal per- 
spective, as it would be seen from the side 
window of the aircraft. Features appear in much 
the same spatial relationship as seen from the 
ground; the horizon may be visible; at least 
we can feel where it should be. The camera 
axis, in fact, has been at some small angle with 
the horizontal; in technical terms the photo- 
graphs are obliques. The more important class 
of air photographs, however, is that taken with 
the camera axis pointing vertically downwards 
— known as verticals. 

For certain purposes oblique photography 
also may be used in mapping and for military 
reconnaissance, but as there the scale varies 
across the picture verticals are more usual. 
Vertical Photographs. To the uninitiated, the 
vertical air photograph is often meaningless 
because it shows the landscape in an unfamiliar 
aspect — the map view. Perspective is almost 
entirely absent because the objects are all 
clustered near to a mean plane, the earth’s 
surface, which is usually at a great distance 
from the camera. Yet such photographs are of 
immense value in peace-time and military 
value in war, for map making and reconnais- 
sance, because the scale is uniform across the 
picture, and because they contain a complete 
catalogue of all visible details on the piece of 
ground shown and indicate the exact location 
df each with respect to the others. 

The positioning is not confined to two dimen- 
sions; if two shots taken immediately after 
each other are viewed in a stereoscopic viewer, 
the pictures leap to life in a startling manner, 
with every house and tree standing up realis- 
tically and every contour of the ground clearly 
displayed. By measurements taken from an 
accurate stereoscopic record, it is possible to 
draw a map in both contour and plan. G.C.B. 

See also: Aerial survey; Aeroplanes. 

Books: Aerial Photographs and their Applications, 
by H. T. U. Smith (New York). 

AIRY DISC. Central area of the image of a 
point source of light focused by a lens free 
from aberrations. The Airy disc is sur- 


rounded by concentric rings of light of feebler 
intensity which can in practice be ignored. 
The effect is an optical phenomenon con- 
nected with the wave nature of light and it 
called after its discoverer, G. B. Airy, Astro- 
nomer Royal in 1830. 

ALBADA FINDER. Direct vision optical 
viewfinder in which the picture area is indi- 
cated by a white outline apparently suspended 
in space. This viewfinder is particularly useful 
in sports photography. 

ALBERT, JOSEPH, 1825-86. German photo- 
grapher. Made collotype commercially practi- 
cable in 1 873 and collotype in colour in 1 876. 

ALBERT EFFECT. Particular type of image 
reversal produced by treating an exposed plate 
with dilute chromic acid and then exposing it 
to white light. Subsequent development 
brings up a positive image formed on the 
grains which were not affected by the initial 
exposure and bleaching process. 

ALBUMEN. Complex organic compound at 
one time much used in photography for making 
albumenized paper — an early type of daylight 
printing paper. For this purpose it was pre- 
pared from the white of egg, which is almost 
pure albumen. 

ALBUMENIZED PAPER. Type of printing 
paper, not now used, which was made by 
coating paper with a solution of albumen and 
an ammonia salt in rectified spirit and then 
sensitizing with silver nitrate. 

ALBUMS. An album is the most convenient 
place for keeping a collection of photographs 
so that they can be looked at without being 
handled. It displays the prints while keeping 
them clean and free from creases. 

The simplest form of album is just a book 
with stiff covers and blank pages. Prints are 
stuck in position with adhesive on each page. 
There are just enough pages to take up all the 
space between the covers when the album is full. 
Loose Leaf Types. Loose-leaf albums allow 
the removal or insertion of pages. One of the 
most convenient types has the pages attached 
to the spine of the cover by split metal rings. 
This type has the advantage of lying flat when 
open. 

Albums are available with both vertical and 
horizontal formats and in a wide range of sizes. 
The covers may be finished in materials like 
decorative cardboard, fabric or leather. For 
special subjects — e.g., collections dealing with 
a single event or a particular period — covers 
can also be bought ready embossed in silver 
or gilt with suitable - titles such as “ Our 
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MOUNTING IN ALBUMS. Top left: Alount/n^ a print with 
gummed corners. Top right: Slits cut into the album page 
itself hold the print in a fixed position. Bottom: Double 
gummed corner pieces are a further alternative. 

Wedding,” “ Baby ” and “ Summer Holidays.” 
In addition to the title the subject may be 
indicated by mounting a representative photo- 
graph or a cut-out on the cover. 

There is usually a choice of black, grey or 
white pages, but it is advisable to buy only 
those made specially for photographs. In 
ordinary paper there may be impurities which 
in time will stain or bleach the print. 

Doubled-over celluloid pages are also 
obtainable to hold slip-in prints of the same size. 
Mounting the Prints. There are several ways 
of mounting the photographs. Some albums 
have diagonal slits in each page, four to a 
print, so placed that the comers of the print 
can be slipped into the appropriate slits. With 
this system prints can be mounted on one side 
of the page only, and only prints of standard 
sizes can be used unless fresh slits are made. 

A more popular method is to use small 
adhesive corner pockets. These can be stuck 
to the page to accept the comers of any sized 
print; they are cheap to buy and are sold 
gummed ready to use. Another idea is to use 
paper comer pieces gummed on both sides so 
that they can be first stuck to the print, and 
then to the page. 

It is not a good plan to stick the whole print 
to the page. This method calls for more time 
and skill without offering any practical advan- 
tages, and prints cannot be readily interchanged. 
f Titling. It is usual to add captions or titles 
to each picture. Special white ink is made 
for titles on black or grey paper; ordinary 
Indian ink is suitable for white pages. In 
general, it is better to keep the captions brief 
and factual, giving only the essential informa- 
tion of who, where and when. Clever or 
literary captions are best avoided, as is also 
fancy lettering. J.D.C. 


ALK 

ALCOHOL. Used as a solvent in varnishes, 
for rapidly drying negatives, also used in certain 
processing solutions which contain substances 
not easily soluble in water. 

Formula and molecular weight: C,H,OH; 
46. 

Characteristics: Colourless liquid with faint 
pleasant smell. 

Solubility: Mixes with water in all propor- 
tions. 

Ethyl alcohol (above formula) is available in 
several pure forms (absolute alcohol, rectified 
spirit) and also in denatured versions (i.e., 
with additions to render it unfit for drinking 
and so exempt it from excise duty), such as 
industrial methylated alcohol (colourless), 
and the common purple methylated spirits. 

In addition there are a large number of other 
alcohols of which methyl alcohol (CH a OH, 
wood spirit) is sometimes used in photography. 

All these kinds of alcohol mentioned above 
(except for the purple methylated spirit) can 
be used in photography. 

ALDEHYDE. Term in chemistry denoting a 
compound containing the group CHO, e.g., 
formaldehyde, the aldehyde of formic acid. 

ALKALI. In chemistry, the term alkali is 
applied to a number of soluble metallic 
hydroxides, with certain definite characteristics, 
e.g., they tum red litmus blue, they feel soapy, 
and they react with acids to form salts. Metals 
which form such alkalis are known as the 
alkali metals, while salt solutions with similar 
characteristics are termed alkaline. 

The degree of alkalinity of a solution is 
measured by its pH value; all values above 7 
are alkaline and the higher the figure, the 
stronger the alkali. 

The term has a special application in photo- 
graphy where it refers to an important con- 
stituent of the developer. Most developers must 
contain an alkali because they will only work, 
in alkaline solutions. The alkalinity of the 
developer solution greatly influences its 
activity and development speed. The more 
strongly alkaline (i.e., the higher the pH value) 
the more energetic the developer. 

How alkaline a solution is, depends mainly 
on the concentration, and to some extent on 
the nature, of the alkali. 

Generally, the more alkali a solution con- 
tains, the higher its pH value. Some alkalis, 
like sodium or potassium hydroxide solutions, 
change greatly in pH when the alkali concen- 
tration is slightly varied. Developers containing 
these alkalis rapidly lose their activity in 
use, and are soon exhausted. 

Other alkalis, like sodium carbonate or 
trisodium phosphate solutions, change their pH 
much more gradually in certain ranges as their 
concentration varies. They have some alkalinity 
in reserve which is brought out when the 
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ALKALIS COMPARED 


Alkali 

Other Names 

Formula 

Solubility at 
Normal Temperature 

Alkalinity 

Sodium carbonate 

Soda ash 

Na.CO, 

Freely soluble 

Medium 

Potassium carbonate 

Potash 

K.CO, 

Highly soluble 

Medium 

Sodium hydroxide 

Sodium hydrate, caustic 
soda 

NaCH 

Highly soluble 

Very high 

Potassium hydroxide 

Potassium hydrate, 
caustic potash 

KOH 

Highly soluble 

Very high 

Borax 

Sodium tetraborate 

Na,B«O r 

l0H,O 

Slightly soluble 

Low 

Borax plus boric acid 

- 

- 

- 

Very low 

Sodium metaborate 

— 

NaBO, 
.4 H.O 

Fairly soluble 

Medium 

Trisodium phosphate 

Sodiumtri phosphate 

Na.PO, 
• I2H.O 

Fairly soluble 

High 

Trisodium phosphate plus 
disodium phosphate 

— 

— 

“ 

Low 

Sodium sulphite 

— 

Na,SO, 

Fairly soluble 

Low 

"Alkaline solutions with a 

high buffering action change 

little in pH with 

appreciable variations 

of concentration. 


concentration decreases. The reason isthat these 
alkalis form a very small amount of sodium 
hydroxide when they are dissolved in water. As 
this hydroxide is used up, more is formed all 
the time. They thus behave like very weak solu- 
tions of sodium hydroxide which remain more 
or less constant during use. 

This property is particularly marked with 
certain mixtures of alkalis (strictly speaking 
alkaline salts in equilibrium with an acid 
form) — the so-called buffer solutions. Such 
developers lose their activity much more 
slowly. 

The alkalis sodium or potassium hydroxide 
are commonly used for energetic developers, 
and sodium carbonate for normal formulae. 

Sodium carbonate is used in three forms: 
anhydrous, monohydrate (chiefly in the 
U.S.A.) and crystalline (decahydrate). These 
(like the two forms of sodium sulphite) con- 
tain varying amounts of water of crystalliza- 
tion. They are freely interchangeable. 


EQUIVALENTS OF SODIUM CARBONATE 


Decahydrate Crystals 

Monohydrate 

Anhydrous 

Na,CO,.IOH,0 

Na M CO u .H,0 

Na»CO, 

100 parts 

... 43$ parts 

37 parts 

230 parts 

... 100 parts 

86 parts 

270 parts 

... 117 parts 

100 parts 


One disadvantage of sodium carbonate as 
an alkali is that it gives off carbon dioxide 
gas when it is neutralized (e.g., in an acid stop 

10 


bath). As the carbon dioxide is formed within 
the emulsion layer, it can cause blisters both 
on negatives and on prints. 

Milder alkalis, like weak solutions of 
borax, or sodium metaborate, are used in low 
energy fine grain developers. Even sodium 
sulphite by itself acts as an alkali. 

Substances like triethanolamine, and com- 
binations of sodium sulphite and formalde- 
hyde or acetone have also been used. L.A.M. 

ALPHA PARTICLE. Positively charged 
particle — in fact a helium atom nucleus — with a 
velocity of about 1/12 to 1/20 that of light, 
emitted by radioactive substances. The path of 
the particle can be recorded in specially made 
photographic emulsions — a technique which 
has important applications in nuclear research. 

See also: Nuclear physics. 

ALPINE PHOTOGRAPHY. Another name 
for photography of mountains and mountain 
scenery that has probably come into use 
because of the popularity of Switzerland as a 
holiday resort. It is there that most people 
make their only noteworthy acquaintance with 
real mountains. But the photography of 
Alpine scenery is no different from that 
practised in any other mountainous country. 

ALTERNATING CURRENT (A.C.). Elec- 
tric current produced by a potential which is 
constantly and regularly varying between zero 
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ALKALIS COMPARED 


Buffering Action * 

Use 

High Concentration 

Low Concentration 

Remarks 

Moderate 


Most normal negative and 
positive developers 

Some fine grain formulae 

Exists in several forms ; 
anhydrous, crystals, mono- 
hydrate 

Moderate 


A few normal developers 

- 

Very hygroscopic 

Nil 


High contrast and high 
energy developers 

— 

Deliquesces; must be kept 
sealed in bottles 

Nil 

% 

High contrast and high 
energy developers 

— 

Deliquesces; must be kept 
sealed in bottles 

Moderate 


— 

Fine grain developers 

— 

Very high 


- 

Fine grain developers 

- 

High 


Normal developers 

Fine grain developers 

Kodalk is a proprietary 
metaborate alkali 

High 


— 

Fine grain developers 

— 

Very high 


— 

Fine grain and low energy 
developers 

Typical buffer mixture 

Moderate 


Fine-grain and low-energy 
developers 

Colour developers 

Also acts as preservative 


The pH of solutions with low buffering actions changes greatly with small variations of concentration. 


and a maximum, alternately positive and 
negative. 

Electricity generated by an alternator. Most 
of the public electricity supply in Great Britain 
is alternating current. 

ALUM, AMMONIUM. Ammonium alumin- 
ium sulphate. Sometimes replaces potash alum 
as hardener in fixing baths. 

Formula and molecular weight: NH.A1 
(S0 4 ) Z .12H,0; 453. 

Characteristics : White crystalline salt. 

Solubility: Fairly soluble in water at room 
temperature. 


ALUM, CHROME. Potassium chromium sul- 
phate. Hardener in stop baths and fixing baths. 

Formula and molecular weight: KCr(S0 4 ) z . 
12H z O; 499. Ammonium chrome alum NH 4 
Cr(S0 4 ), 1 2H 2 0 is similar. 

Characteristics: Violet crystals forming a 
purplish solution. When heated, or in the pre- 
sence of sulphite, the solution gradually turns 
greenish and loses its hardening properties. 

Solubility: Fairly soluble in water at room 
temperature. 

ALUMINIUM AMMONIUM SULPHATE. 
Chemical sometimes used as a hardener in 
fixing baths. 

See also: Alum, Ammonium. 


ALUMINIUM POTASSIUM SULPHATE. 
Chemical commonly used as a hardener in 
fixing baths. 

See also: Alum, Potash. 

ALUMINIUM SULPHATE. Possible sub- 
stitute for the alum hardeners. 

Formula and molecular weight: Al z (SO t ),. 
18H,0; 666. 

Characteristics: White crystals with sweet, 
astringent taste. 

Solubility: Highly soluble in water. 

ALUM, IRON. Ferric alum; ferric ammonium 
sulphate. Chemical used in certain toners and 
reducers. 

Formula and molecular weight : NH 4 FefS0 4 ), 
.12H,0; 482. Ferric potassium sulphate KFe 
(S0 4 ) z .12H a 0 is similar. 

Characteristics: Purplish crystals, give a 
yellowish solution. 

Solubility: Highly soluble in water at room 
temperature. 

ALUM, POTASH. Potassium aluminium sul- 
phate; potassium alum. This is the common 
alum. Used as a hardener in fixing baths. 

Formula and molecular weight: KAlfSO,).. 
12 H,0; 474. 

Characteristics: Colourless crystals or cry- 
stalline powder. 

Solubility: Fairly soluble in water at room 
temperature. 


31 















AM A 


AMATEUR PHOTOGRAPHY 


Potentially creative, amateur photography 
gets closer to being the folk-art of the twen- 
tieth century than other contemporary media, 
e.g., radio, cinema, television. Its popularity is 
international; the interest and diversity of its 
applications almost unlimited. 

Not only does this variety of application 
defy all attempts at a common definition but 
it also leads to frequent protests from some 
amateurs against being classed with some 
others. One amateur may very much differ 
from another in respect of the degree to which 
he cultivates his hobby, the subject matter, 
mode of expression and techniques he is 
attracted by and his relative freedom from 
financial limitations. 

There are people who expose only a few rolls 
of films during their holidays and leave the pro- 
cessing to a dealer. There are others who very 
regularly devote a great deal of time to photo- 
graphy and so become experts at many aspects 
of it. Between these two extremes there are 
numerous groups, intermediate in experience, 
enthusiasm and purpose. The flag-bearers of 
amateur photography will be found organized 
in clubs, societies and associations. They are 
the people most consistently concerned with 
pictorial quality and technical progress. They 
read periodicals, frequent lectures, participate 
in exhibitions and foregather at congresses. 
Many brilliant amateurs, of course, remain lone 
workers and will not join in any of these activi- 
ties. In fact the membership of Great Britain’s 
approximately 1 ,000 amateur organizations has 
been estimated to be no more than one half of 
1 per cent of the number of people who take 
amateur photographs in this country. Yet, in 
Britain as well as in other Western countries, 
the organized amateur movement speaks for all 
amateurs, even if it may not be truly represen- 
tative of them. The photographic industry, to 
whom the more vociferous elements in the 
clubs may occasionally cause a little incon- 
venience, nevertheless makes every effort to 
keep the movement happy and active because 
of its importance as a testing ground and 
listening post. 

Types and Interests. Both within the organiza- 
tions and outside of them there is a legion of 
different types following as many different 
fields of interest. There are amateurs producing 
fine pictures without preference to specific 
subjects and there are others who are all 
the time after some specific subject putting 
pictorial excellence second. There are amateurs 
who pride themselves on advanced technical 
skills and there are others who prefer to 
explore the theoretical backgrounds of the 
very same techniques. There are die-hard per- 
fectionists and there are restless experimenters. 
There are disciplined followers of “schools” 
and there are eternal controversialists. There 
are ardent collectors of all types of equipment 


and there are untiring inventors of home pro- 
duced gadgets (which once made may never be 
used). There are plenty of photographic en- 
thusiasts who never succeed in making a 
reasonable picture and some who would not 
even attempt to take one. There are many 
Royal or otherwise distinguished amateurs and 
masses of very ordinary ones. There are 
youngsters accustomed to handle a camera even 
before they have learned to read or write and 
aged people still taking pictures with their eye- 
sight almost gone. 

The economic background to amateur photo- 
graphy is also enlivened by varied patterns and 
peculiarly contrasting elements. Probably 
dominant is the fact that people are not sensible 
about their hobbies, and their habits of spend- 
ing money on them are governed to a greater 
degree by their enthusiasms than their circum- 
stances. At least at periods of economic crisis 
the average man is comparatively slower in 
cutting down on his hobbies than on daily 
necessities. Of course people have been known 
to give up photography altogether but more 
often than not it grows on them. This is 
particularly true between the ages of 20 and 30 
when courting, young family life, travel and 
sport may provide the initial stimulus. In Great 
Britain, within this age group, sixty-seven 
people in every hundred took photographs in 
1951. Once a person, often to his own surprise, 
has succeeded in taking a few genuinely good 
photographs the chances are that he will 
acquire a taste for the sheer creative satis- 
faction gained in the process. As his enthu- 
siasm grows so will his expenses and he may 
try to make his hobby pay for itself. So it is 
by no means uncommon for amateurs metho- 
dically to follow cash prize competitions or 
even to freelance, employing the winnings and 
profits to acquire better equipment and more 
material. 

Vice versa, there are well-known professional 
photographers who enjoy using their cameras 
to occupy their leisure in an amateur capacity. 
These participate in predominantly amateur 
events and take an active part in the life of 
amateur organizations. In fact, many leading 
figures of the amateur movement are pro- 
fessionals. Editors of photographic periodicals, 
authors, lecturers, scientists, technicians and 
even business executives of the photographic 
industry have, with a varying degree of justi- 
fication, claimed to be “only amateurs”. It is 
hard to know where to draw the line and, in 
any case, probably quite unnecessary to do so. 
Contributions to Progress. There always has 
been a busy two-way traffic between amateurs 
and the business of photography. A number of 
basic inventions originated with amateurs. 
Richard L. Maddox, M.D., who made the first 
silver bromide emulsion and the dry plate and 
yet never received any financial benefit, is a 
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classic example. Yet isolated names like his 
illuminate as little the importance of amateurs 
to photography as does the equally marginal 
fact that amateurs were the first photographic 
book illustrators, that they pioneered in geo- 
graphical and architectural exploration with 
the camera, that new applications of photo- 
graphy to scientific research are still more likely 
to be initiated by amateurs than by profes- 
sionals. 

A more typical impact of amateurs on photo- 
graphy, of an altogether different order, be- 
came first apparent on the introduction for 
sale of ready-made dry plates. Professor 
Herman W. Vogel, who produced the ortho- 
chromatic emulsion, tried to quell the alarm of 
professional photographers by saying, “Not 
everybody who got hold of a violin is as yet a 
violinist and not everybody who got hold of a 
dry plate is as yet a photographer.” But it is 
much easier to take a picture than to play the 
fiddle — as events were soon to prove. These 
events followed and later repeated a familiar 
cycle; first, simplification of technique spread 
photography among amateurs; secondly, 
masses of amateurs apply ing the new techniques 
in new ways upset the prevailing patterns of 
professional photography. This is exactly what 
happened after 1880 when dry plates in the ( 
hands of amateurs marked the beginning of 
pictorial photography; again after 1900 when 
film and light-weight hand cameras brought 
with the “snapshot” the fashion of informal 
photography; and more recently, since the 
1930’s, when precision-made cameras, high- 
speed lenses and fast panchromatic materials 
turned first amateur and then professional 
photography into an ever present and candid 
tool for recording life as it is. 

The importance of the part played by 
amateurs in all these developments is not so 
much due to the merits of particularly gifted 
individuals or even the spirit of freedom per- 
meating any activity unhampered by com- 
mercial consideration as simply to numbers. 
Manufacturing equipment and materials for 
hundreds of thousands of amateur consumers 
is a very different proposition from pro- 
ducing tools for a few hundred professionals. 
The competitive element, tempted by an ever 
expanding market, stimulates ideas, accelerates 
research and makes it a practical proposition 
to tool up to high quality standards. Thus the 
amateur’s greatest gift to photographic pro- 
gress is, in fact, mass consumption. 


Purchasing Power. According to the United 
States Department of Commerce the value of 
photographic materials supplied at manufac- 
turers’ prices in 1952 exceeded 638 million 
dollars. The estimated figure for 1953 exceeded 
700 million dollars. Thirty-six per cent of this 
output went to the amateur market (as com- 
pared, according to the U.S. National Associa- 
tion of Photographic Manufacturers, with 26 
per cent to professional and industrial users, 

13 per cent to the motion picture industry, 

14 per cent to blockmakers and printers and 
1 1 per cent to medical institutions). Over and 
above this figure, amateurs fired off in 1952 
26 million dollars worth of flash bulbs, in 1953 
an estimated 3-55 million dollars worth (at 
manufacturers’ prices) as well as paying for 
141 million dollars worth of developing and 
printing services in 1952 and an estimated 155 
million dollars worth in 1953 (at retailers’ 
prices). 

In the United States at least every fifth 
person has a camera, in Great Britain every 
seventh person, in Germany fewer than every 
tenth. But it is safe to assume that the average 
camera in German hands is of a more advanced 
type than the average camera in British or 
American hands. 

The same camera which would cost in 
Germany the equivalent of a clerk’s weekly 
salap', would cost three weeks’ salary of a 
British clerk. It follows that the German clerk 
can save up for such a camera where his 
British colleague must make do with a much 
simpler one — although his standard of living 
in other respects may be 20 per cent higher than 
that of his German opposite number. 

In the United States at present over 500 
million flash bulbs are consumed per year, in 
Great Britain probably less than 5 million. But 
the price of a flash bulb in the United States is 
less than that of a Sunday paper, in Great 
Britain it is equal to that of five Sunday papers. 

The uneven distribution of the photographic 
industry coupled with restrictive international 
trading practices inevitably leads to uneven 
progress of amateur photography in various 
countries. While this is regrettable and perhaps 
unfair, the steady advance of amateur photo- 
graphy in those countries where it is not 
handicapped is an encouraging signpost on 
the road towards a brighter f uture everywhere 
in the world. A.K-K. 

Se€ also: Clubs and associations. 


AMBROTYPE. Obsolete type of positive 
obtained by under-exposing a glass collodion 
negative. When backed with black material, 
the negative then appeared as a positive. A 
similar effect can be seen with most negative 
materials when under-exposed if observed by 
reflected light against a black background. 


AMERICAN SOCIETY OF MAGAZINE 
PHOTOGRAPHERS. Society established in 
1945 “to safeguard and promote the interests 
of magazine photographers, to maintain and 
promote high professional standards and to 
cultivate friendship and mutual understanding 
among professional magazine photographers.” 
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Three years ago the ASMP was incorporated 
as a labour union to enable it to work more 
effectively for its members. The ASMP acts as a 
clearing house for information on rates, prac- 
tices, market conditions. Its Code of Minimum 
Standards, established three years ago after a 
survey of photographers’ costs and of what 
most magazines were actually paying, has 
tended to put a floor under prices. 

At monthly meetings and through their 
confidential bulletin, members pool technical 
information. From time to time the Society 
sponsors exhibitions to help promote and 
publicize the work of its members. 

The ASMP publishes a monthly magazine, 
Infinity, which is distributed to a selected list of 
art directors, publishers and others specifically 
interested in the field. The magazine is not yet 
sold on a subscription basis. The ASMP has 
also published a distinguished photographic 
annual. Photographic 1949, and a similar 
annual is in preparation. K.R. 

AMIDOL. 2 : 4-diaminophenol hydrochloride. 
A developing agent. 

Formula and molecular weight: C,H 3 OH 
(NH 2 HC1) 2 ; 197. 

Characteristics: Whitish grey powder; keeps 
well in air-tight bottles, but slowly turns brown 
in the air. Solutions do not keep, therefore dis- 
solve amidol just before use. 

Solubility: Freely soluble in water at room 
temperature. 

AMMONIA. Used only in solution in the 
form of ammonium hydroxide. 

Formula and molecular weight: NH,.17. 

Characteristics: Colourless gas with a pun- 
gent smell. 

Solubility: A saturated solution in water 
contains approximately 308 grams of gas per 
litre and has a specific gravity of 0-880. 

AMMONIUM ALUM. Chemical sometimes 
used as a hardener in fixing baths in place of 
potash alum. 

See also: Alum, Ammonium. 

AMMONIUM BICHROMATE. Ammonium 
dichromate. Used in sensitizers for the carbon, 
carbro, and gum bichromate processes. 

Formula and molecular weight: (NH 4 ) 2 Cr 3 
O, ; 252. 

Characteristics : Orange crystals. 

Solubility: Freely soluble in water at room 
temperature. 

AMMONIUM BROMIDE. Restrainer in 
special warm tone developers, also in certain 
bromide paper emulsions. 

Formula and molecular weight: NH 4 Br; 98. 

Characteristics: White crystalline solid; 
hygroscopic. 

Solubility: Highly soluble in water at room 
temperature. 
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AMMONIUM CARBONATE. Alkali in special 
warm tone developers. 

Formula and molecular weight: (NH 4 ) 2 CO,; 
96. The substance sold as ammonium car- 
bonate is often a mixture of ammonium bicar- 
bonate and carbamate, which acts very much 
like the carbonate. 

Characteristics: White waxy cubes or white 
crystalline powder. Smells strongly of ammonia. 

Solubility: Freely soluble in water at room 
temperature. 

AMMONIUM CHLORIDE. Sal-ammoniac. 
Chemical used in some toners, bleachers, sensi- 
tizers, etc. 

Formula and molecular weight: NH,C1; 
53-5. 

Characteristics: White crystalline powder. 
Solubility: Freely soluble in water at room 
temperature. 

AMMONIUM DICHROMATE. Another 
name commonly used for ammonium bi- 
chromate. 

AMMONIUM HYDROXIDE. Ammonia solu- 
tion. Alkali used in certain developers, inten- 
sifies and toners. Also in hypersensitizing. 

Formula and molecular weight: NH 4 OH; 
35. 

Characteristics: Colourless liquid with pun- 
gent smell. It is a solution of ammonia gas in 
water. The concentrated solution of sp. gr. 
0-880, known as 0-880 ammonia, contains 
about 30 per cent by weight of ammonia gas. 

AMMONIUM PERSULPHATE. Chemical 
used in some reducers. 

Formula and molecular weight: (NH 4 ) 2 S 2 O t ; 
228. 

Characteristics: White crystalline powder. 
The solution does not keep. 

Solubility: Highly soluble in water at room 
temperature. 

AMMONIUM SULPHIDE. Used as a toner 
in the sulphide toning process and as a darkener 
for the bleached image in mercuric chloride 
intensification. 

Formula and molecular weight: indefinite. 
Characteristics: A yellow-brown solution 
with a most unpleasant smell. 

AMMONIUM SULPHOCYANIDE. Ammon- 
ium rhodanate; ammonium thiocyanate. Used 
in gold toners and certain dye toners. 

Formula and molecular weight: NH 4 CNS; 
76. 

Characteristics: Very hygroscopic white 
crystals. Keep in stoppered bottles. 

Solubility: Highly soluble in water at room 
temperature. 
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AMMONIUM THIOCYANATE. Another 
name for ammonium sulphocyanide. Used in 
gold toners. 

AMMONIUM THIOSULPHATE. Used as a 
fixing salt in high-speed fixers. 

Formula and molecular weight: (NHJjSjO,; 
148. 

Characteristics: colourless crystalline salt. 

Solubility : Freely soluble in water. 

AMP. More commonly used abbreviation of 
ampere, which is the unit of volume of current 
or flow used in electricity. 

AMPHri'YPE. Type of positive print 
invented by Sir John Herschel in which the 
image was visible from both sides of the paper. 
The process was never more than a novelty 
and is now obsolete. 

AMYL ACETATE. Solvent in certain film 
cements and negative varnishes. 

Formula and molecular weight: CH 8 C0 2 C s 
H,,; 130. 

Characteristics: Colourless liquid with pear- 
drop-like smell. Very inflammable. 

Solubility: Does not mix with water. Mixes 
with alcohol, acetone, etc., in all proportions. 

ANAGLYPH. Two positives, forming a 
stereoscopic pair, printed on one support, each 
in a different colour — generally blue-green and 
red. The observer looks at the picture through 
coloured glasses so that each eye looks through 
a glass of the complementary colour of the 
image it is to see. 

If the right eye looks through a blue-green 
glass at the red image, that image will look 
black and the other will be invisible. Similarly 
the left eye will see the blue-green image and 
not see the red. In this way each eye sees a 
single image and the two impressions fuse to 
produce a stereoscopic sensation. 

ANAMORPHOSCOPE. Cylindrical convex 
viewing mirror used for looking at distorted 
pictures of objects taken by photographing 
their reflections in a similar type of mirror. 
Seen normally, the pictures are meaningless; 
through the viewer they appear correct. 

ANAMORPHOTIC LENS. Lens with a 
cylindrical surface with certain specialized 
applications — e.g., in mirror recording instru- 
ments for concentrating the beam of light into 
a point on the surface of the sensitized recording 
paper. Lenses utilizing this principle are also 
employed in certain wide-angle motion picture 
processes. Then the camera lens compresses a 
wide angle of view into a distorted image on the 
standard frame; a similar type of projection 
lens rectifies the image again on the screen. 

See also: Cine history ; Lens history; Three dimensiona 
projection {3D ). 


ANASTIGMAT. Popular name for a lens 
which has been corrected for astigmatism in its 
design. 

ANDREE, SALOMON AUGUST, 1854-97. 
Swedish engineer and aeronaut. Perished in an 
attempt at crossing the North Pole by balloon 
in 1897. His photographic films were found in 
1930 and developed to acceptable negatives, 
documenting the fate of the expedition. 

ANDRESEN, MOMME, 1857-1951. German 
photographic scientist, later director of Agfa. 
Investigated and introducted new developing 
agents: para-phenylene-diamine in 1888; Eiko- 
nogen in 1889; para-aminophenol in 1891. 
Worked also on diazo printing. Wrote articles 
and books. 

ANGERER, LUDWIG, 1827-79. Austrian 
professional photographer. Leading member 
of the Wiener Photographische Gesellschaft 
(Photographic Society of Vienna). Famous for 
his Carte-de-Visite photographs and for his 
pictures (80 x 100 cm., without enlargement) 
taken with a Petzval-Voigtlander lens of 8 ins. 
diameter. 

ANGLE OF VIEW. The angle of view of a lens 
is the angle subtended by the diagonal of the 
plate at the node of emergence of the lens. This 
is not necessarily the same as the angle of the 
lens, i.e., the angle that indicates the maximum 
covering capacity of the lens. In cameras fitted 
with one or more movements the lens must be 
able to cover more than the angle of view 
corresponding to the plate size. 

See also: Covering power. 

ANGLE SHOT. The orthodox way of photo- 
graphing people or things is to point the camera 
at the subject from a viewpoint at eye level, 
with the back of the camera vertical and 
parallel to the principal plane of the subject — 
e.g., the front of a building. This approach 
avoids distortion of perspective and makes it 
easier to focus the important part of the 
subject. 

When the camera is pointed at an angle to 
the subject, particularly from a close view- 
point, proportions tend to look distorted, 
parallel lines begin to converge more and more 
steeply, and it becomes more difficult to bring 
the whole depth of the subject into focus. 

When the camera looks at the subject from a 
moderate angle, the resulting slight distortion 
of perspective and proportion is apt to suggest 
faulty technique. But if the camera is strongly 
tilted, then the intention is obvious and the eye 
accepts the result as an interesting novelty. 
Such angle shots are useful for giving freshness 
of appeal to a hackneyed subject, or for adding 
drama or shock value. 
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Pictorially, the extremes of angle shots are 
high and low angle shots. 

A high angle shot is one taken from such a 
height that the subject is seen against the back- 
ground of the ground itself or in which the 
horizon runs close to the top of the picture. 
Such a view tends to dwarf the subject and 
make it look top-heavy. This is because the 
vertical lines are foreshortened and the top of 
the subject, being much nearer to the camera 
than the bottom, looks so much bigger in 
proportion. In addition, the subject tends to 
become lost in a mass of surrounding detail 
of the same tone. High angle shots are only 
resorted to where the resulting distortion is 
sought deliberately — as in a portrait of a 
sitter with a heavy jaw which must be played 
down. They should not be used if the tones of 
the subject are much the same as those of its 
surroundings. 

Alow angle shot is one taken with the camera 
held as low as possible — generally with the 
photographer kneeling or even lying prone on 
the ground. Shooting from this angle has the 
advantage of showing the subject against a 
background either of the sky, or of objects so 
far away that they do not compete in tone with 
the subject itself and do not surround it with 
fussy detail. So a low angle simplifies the 
composition and isolates the subject. It is the 
favourite device of the press photographer 
when taking personality pictures in crowded 
places. 

Just as the high angle shot makes the subject 
look top heavy, the low angle shot emphasizes 
the width of the base. And by giving the subject 
a broad base and making the verticals taper 
towards the top of the picture, it imparts both 
stability and grace to the proportions. This 
treatment often improves pictures of tall 
slender buildings and of the human figure. But 
it is rarely a happy choice for portraiture 
because it makes the lower jaw and the fleshy 
part of the nose bulge unpleasantly. Where the 
lower part of the face needs emphasis, however, 
a low angle may be chosen deliberately. 

Angle shots belong essentially to the field of 
the miniature because the small camera can be 
used at angles which would be practically 
impossible with a more cumbersome instru- 
ment. And when used at an extreme angle — 
e.g., looking up the front of a building — the 
miniature can still show everything in sharp 
focus from the brickwork a few feet away to 
the television aerial on the roof. Even so, 
absolute sharpness is not always necessary or 
desirable f or certain effects. F.P. 

ANGSTROM (A). Unit that is now generally 
used to express the wavelength of light. There 
are 10 million Angstrom units to a millimetre. 
The visible spectrum extends from 7,000 
Angstrom units (red light) to 4,000 Angstrom 
units (violet light). 

See also: Light units. 
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ANGULAR APERTURE. Measure of the 
effective aperture of a lens working at abnor- 
mally short lens/object distances. Normally, 
the effective aperture of a lens is the ratio 
between the focal length of the lens and the 
diameter of the stop. This is accepted as the 
practical figure even when the camera is 
extended to focus on nearer objects. But when 
the working distance between the lens and 
plate is appreciably greater than the focal 
length of the lens — as in copying and macro- 
photography — the effective aperture of the 
lens is no longer even approximately equal to 
the marked value of the stop. Under these 
conditions the effective aperture must be cal- 
culated in terms of the actual focal distance, 
and not from the rated focal length of the lens. 

For example, a 6 ins. / 8 lens when copying 
an object ‘‘same size” must be racked out to 
12 ins. and its effective aperture is no longer 
/8 but / 8 X 2. So the angular aperture of the 
lens when working “s/s” is / 16. In the same 
way, if the lens is used for macrophotography 
to give an image magnified x 4 life size, its 
angular aperture would be reduced to / 64. 

See also: Diaphragms. 

ANGULAR FIELD. Angle subtended at the 
lens by the largest object which the lens can 
image on the plate with acceptable sharpness. 

See also: Covering power. 

ANHYDROUS. Term indicating that a sub- 
stance is free from water. In photography it 
distinguishes a chemical sold as a powder 
without water of crystallization from the same 
chemical in the hydrated form. When making 
up solutions it is important to use the anhy- 
drous form of the chemical if that is specified 
since, weight for weight, it contains more of the 
active substance than hydrates of the same sub- 
stance. 

ANILINE PROCESS. Early line-printing pro- 
cess invented in 1865 in which a sheet of 
printing paper sensitized with ammonium- 
bichromate and phosphoric acid was developed 
by exposing it to the vapour of a suitable 
aniline dye. 

ANIMALS. Photographing native wild animals 
in their haunts is very much more difficult than, 
f or instance, photographing birds at their nests. 
Birds have their eggs or young to form an 
irresistible bait, but animals as a rule keep 
their young well out of sight. And whereas 
most birds rely on their eyes and ears to warn 
them of the presence of the photographer, 
animals have keen noses which can often 
detect an unseen watcher more than a hundred 
yards distant. 

Many of the very small creatures, like mice, 
voles, and shrews, remain hidden in the thick 



foliage that conceals their haunts. These are 
almost impossible to photograph in the wild 
state and must be captured and taken indoors. 

Then again, many animals that do come out 
into the open do so only at night. These have 
to be photographed by flashlight. 

There are, however, other animals that show 
themselves outside their lairs in daylight, 
particularly in the early morning and just 
before sunset. These may be photographed 
from a specially constructed hide that must be 
erected down wind from the animals so that 
the tell-tale scent of the photographer is 
carried away from them. 

The larger animals found in the wild state in 
the British Isles include red, fallow, and roe 
deer. These can all pick up the human scent 
at a distance of a hundred yards, so it is 
very difficult to get near enough to them with 
an ordinary camera to get a reasonable picture. 
Bait. The smaller wild animals of these islands 
— foxes, badgers, and rabbits— can generally 
be induced to leave their lairs in daylight by 
tempting them with a suitable bait. This should 
be laid several days in advance near the en- 
trance to the lair, and renewed regularly. At 
the same time as the first bait is laid, the hide 
should be set up so that the animals will be- 
come accustomed to it. 

Foxes will come out of their holes for a bait 
of meat, or bread and milk; badgers like 
honey,' jam or anything sweet; rabbits can be 
tempted with chopped parsley, and stoats and 
weasels will come out for fresh meat, particu- 
larly when they are feeding a litter. 

The otter is a creature of regular habits, and 
it is possible to pick up his accustomed track 
and set the camera to cover it. Otters prefer to 
kill their food for themselves so they cannot be 
attracted by a bait, but as they show them- 
selves on the bank and in the water by day- 
light, they can be photographed by exercising 
patience. 

Equipment. The camera, tripod, and hide are 
similar to those used for bird photography. 
But because animals are more difficult to 
approach, the hide is generally farther away 
than for bird photography, and a long focus, 
or telephoto lens, should be used. Photographs 
can, however, be made with a normal angle 
lens if the camera is concealed near the lair 
and operated by some form of remote control. 
Remote Exposure Control. Some photographers 
prefer to use remote control shutter release for 
dealing with wild subjects. This technique dis- 
penses with the hide and calls for only a small 
amount of camouflage for the camera and its 
support. 

Once the camera has been set up and focused 
on the bait, nest, or the entrance to the lair, 
the photographer settles down some distance 
away to wait for the subject to make its 
appearance. If necessary he may use field 
glasses to tell him when the best picture offers 
itself. When that time comes, he simply fires 
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the shutter by remote electrical or mechanical 
control. 

The disadvantage of this method is that the 
photographer has to visit the cameraafterevery 
exposure and also whenever changes in the 
light call for adjustment of the camera controls. 
In a hide he can make one exposure after 
another without disturbing the subject. 
Automatic Exposure. There are several ways of 
making the subject take its own photograph 
while the photographer is away. One method 
of automatic shutter release is to get the 
animal to complete an electric circuit either 
by standing on a particular spot, breaking a 
thread stretched across its path, or seizing a 
bait. 

This technique is uncertain in its results 
because it carries no guarantee that the sub- 
ject will be in a suitable pose when the shutter 
clicks. And, as with remote exposure, the 
camera must be visited after every exposure. 

But automatic exposure coupled with flash 
is very useful for securing pictures of nocturnal 
creatures which could not in any case be 
observed from a hide. In this way many strik- 
ing photographs have been taken of subjects 
ranging from big game at a water hole to a 
fox robbing a hen run. The photographer can 
always be sure of getting a correctly exposed 
negative with the standardized light of the 
flash, but the success of exposures in daylight 
photographs depends upon the state of the 
lighting when the shutter clicks. 

The most successful method of getting flying 
birds, flying mammals and insects, such as bats 
and butterflies, to “take their own photographs" 
is to fix up an electric photo-cell trip in con- 
junction with electronic flash. This fires the 
flash and releases the shutter of the camera at 
the moment the subject passes through the 
pre-arranged beam. This cuts out the human 
element that makes hand release of the shutter 
so uncertain. Such electrical equipment should 
be used in the open with the greatest care under 
the advice of an experienced electrician, for the 
high voltages obtained can be fatal if carelessly 
used. 

Animals in Captivity. Large animals in captivity 
have to be photographed in their existing sur- 
roundings. 

The smaller mammals are easy to keep under 
control and photograph in a glass-sided box. 
This should measure about 18 ins. wide by 
12 ins. high and 6 ins. deep from front to 
back. The front must be made of good polished 
plate glass to give an undistorted picture, but 
the top and sides may be of ordinary glass. 
Normally the back of the box is painted a 
neutral grey or brown and suitable scenery is 
built up in front of it. Sometimes the case has 
a glass back to it and the scenery is continued 
behind. However, because the camera is only 
a few feet away and the depth of field is small, 
the scenery behind the case is well out of focus. 

If the camera is set up in front of the glass 
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GLASS BOX SET-UP Small animals can be photographed in a 
glass-sided box containing suitable materials (earth, twigs, 
etc.) corresponding to natural surroundings. Removable glass 
partitions confine the animal to a limited distance zone from 
the camera and thus ensure overall sharpness. 

case, its reflection is almost certain to appear in 
the finished photograph. The best method is to 
set the camera slightly higher than the case 
and pointing down on it. A sheet of dull black 
paper is then fixed to the tripod, opposite the 
glass front and reaching up to the bottom of 
the lens. If the size or distance of the animal 
permits, an alternative way of avoiding reflec- 
tions is to bring the lens against the glass. 

Any form of visual focusing camera may be 
used for this type of subject— even an ordinary 
hand camera, so long as its focusing scale 
extends down to 4 feet. 35 mm. miniature 
camera users will find a lens of about 90 mm. 
or 10-5 cm. very convenient for working at 
4 feet f rom the subject. 

This small studio set-up may be used out 
doors in a good diffused light, but never in 
direct sunlight. Indoors, it should be stood 
on a table close to a north window with a 
flood-light of about 500 watts to light up the 
shadow side, fixed about 2 feet above the 
level of the. camera. With this lighting and a 
medium speed pan film, the exposure should be 
around 1 /30th second at/8. O.G.P. 

See also: Big game; Birds; Cats and kittens; Dogs and 
puppies; Fish; Insects; Pets; Reptiles; Zoo. 

Book: Nature and Camera, by O. G. Pike (London). 

ANNAN, JAMES CRAIG, 1864-1946. Scot- 
tish photographer. Son of Thomas Annan. 
Specialized in photogravure and reproduced 
(c. 1904) by this technique the photographs of 
Hill and Adamson. Biography by F. C. Lambert 
(London 1904). 

ANNAN, THOMAS, 1829-87. Scottish portrait 
photographer. Father of James Craig Annan, 
friend of D. O. Hill and of Sir J. W. Swan. 
Made (1879-81) carbon prints of Hill’s calo- 
types, and introduced Swan’s carbon process 
in Scotland. He photographed Hill’s painting 
of the signing of the Deed of Demission at 
Edinburgh with a specially built camera (14 x 
32 ins.). Made carbon prints as large as 21 i 
x 48 ins. 


ANSCHUTZ, OTTOMAR, 1846-1907. Ger- 
man photographer. Experimenter in instan- 
taneous serial pictures of men and animals in 
motion. Built apparatus for stroboscopic 
synthesis of these pictures (electric rapid 
viewer 1887; Electrotachyscope 1 890). At an 
early stage he used a focal plane shutter. 


ANTHONY, EDWARD, 1818-88. American 
engineer. Became one of the early daguerreo- 
typists and made a photographic survey of 
parts of the U.S./Canadian boundary. Set up 
in business as a photographer in 1842, later 
became one of the largest photographic dealers. 
He founded Anthony's Bulletin of Photography. 
The firm of E. & H. T. Anthony & Co. 
combined in 1901 with Scovill & Adams Co. 
to form the Anthony & Scovill Co. which in 
1907 became Ansco Co. and in 1928 Agfa 
Ansco Co. Biography by American Museum of 
Photography (New York, 1942). 


ANTI-FOGGING AGENT. Additive for 
developers used to minimize fog in emulsions. 
Chemical fog caused by the formation of 
development nuclei on the unexposed grains 
of emulsion is inhibited by the potassium 
bromide present in most developers. But 
potassium bromide tends to lower the speed 
of the emulsion, and emulsion chemists have 
proposed other substances to take its place — 
e.g., thioanilides, thioglycolic and thiolactic 
acids, and various acetylene and indazole 
derivatives. 

ANTI-HALATION BACKING. Most modern 
negative materials have some form of anti- 
halation backing to absorb the light that passes 
through the emulsion. If the light is not 
absorbed, some of it is reflected and falls on 
the under side of the emulsion layer, causing 
halation. 

There are several forms of halation back- 
ing: a coat of dye or pigment painted on 
dyed gelatin; an intermediate layer of dyed 
gelatin between the emulsion and the support; 
and a dye that is incorporated in the base of the 
material itself. 

Dyes or pigments may be applied directly to 
the back of the support. Red or purple dyes 
are used for orthochromatic, and blue-green 
for panchromatic, materials. The dye in each 
case absorbs those wavelengths of light to 
which the emulsion is most sensitive. 

This type of anti-halation backing is com- 
monly used for glass plates. The backing dye or 
pigment is generally mixed with gum, which 
make it adhere when dry, but allows it to 
dissolve away during processing. 

A backing layer is a gelatin lay er incorporating 
the dye and is applied to the back of the support. 
This type of anti-halation backing is almost 
always used on roll and sheet films, because the 
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gelatin layer counteracts the tendency of the 
emulsion layer to make the film curl. The 
backing layer remains on the film all the time, 
but the dyes bleach out during processing. 

With intermediate layers the gelatin layer 
containing the halation dye is coated between 
the emulsion layer and the support. It does not 
counteract the curl of the film, but it is a more 
effective halation protection. This is because 
any light reflected from the back of the support 
has to pass through the dye layer twice: once 
before, and once after reflection. 

The dyes in intermediate layers usually 
bleach out during processing. 

The film base of many 35 mm. films is 
itself dyed with a blue-grey or neutral-grey 
dye which acts in the same way as an interme- 
diate layer, i.e., any light that passes through 
the emulsion is filtered both before and after 
it is reflected from the back of the support. 

The dye used is not removed in processing, 
but it does not interfere with printing. 

Several modern 35 mm. films carry an anti- 
halo backing, similar to roll films, in addition 
to the dyed film base. 

ANTlNOUS RELEASE. Originally a pro- 
prietary name, now commonly applied to all 
flexible wire or cable types of shutter release. 

ANTIQUES. The photography of antiques 
refers here to museum or collector’s pieces, 
which require higher technical skill than is 
necessary in most other branches of the craft. 
The photographer’s personality or artistic 
feeling must not intrude; his job is to produce 
on paper a factual representation of an object 
with scientific accuracy so that a connoisseur 
can get from it all the information that he could 
acquire from a visual examination of the actual 
thing. It must be to scale, f ree from distortion, 
indicate surface texture and show every bit of 
decipherable detail. 

Equipment. To do this sort of work properly 
a rear-focusing field camera is essential. It 
must have an extension more than twice the 
focal length of the lens employed and the focal 
length of the lens should be at least equal to 
the diagonal of the film or plate it has to cover. 
Back focusing is necessary for working to scale, 
as otherwise any movement of the lens back- 
wards or forwards in focusing changes the 
distance between the lens and the object and 
thus alters the size of the image. 

The usual practice when photographing a 
number of articles to the same scale (snuff 
boxes, coins, miniatures and the like) is to set 
the camera by focusing on a foot rule and 
measuring the image on the focusing screen. 
It is then only necessary to move the camera 
backwards and forwards until the object is 
sharp on the focusing screen. 

A double extension camera is necessary 
because so often in this work the object must 


be reproduced same-size and to do this the 
camera must be extended to twice the focal 
length of the lens in use. 

A swing back is absolutely essential as con- 
verging verticals are no more permissible in a 
photograph of, say, a cabinet, than they are in 
a photograph of a building. 

There is no need for a large aperture lens, 
because there is no reasonable limit to the 
length of exposure. An anastigmat is prefer- 
able for close-ups; but for furniture, statuary 
and the like where there is considerable reduc- 
tion, a rapid rectilinear is satisfactory and in 
fact some workers prefer this type of lens 
because they believe it gives better “ drawing.” 
Lighting. Daylight is preferable to artificial 
lighting as daylight gives a roundness to objects 
which cannot be obtained with artificial light 
unless it is softened by passing through several 
layers of muslin or other diffusing medium. 
The lighting is important, as, although it must 
come from one side to make any ornamentation 
stand out in relief, it must not be at the cost of 
detail on the shadow side. For small objects 
the lighting can always be balanced by suitably 
placed white card reflectors and for larger 
subjects, such as pieces of furniture or statuary, 
an ordinary bed sheet serves as well as any- 
thing. As exposure time is seldom important, 
it is always a good plan to use a smaller stop 
than would normally give the depth of field 
necessary to cover the subject. 

In this class of work it is essential to expose 
for the shadows; modern slow emulsions have 
enough latitude to look after the highlight 
detail so long as development is not carried 
too far. 

The background needs to be carefully chosen 
to give a clear contrast with the outline of the 
subject on both lighted and shadow sides. It 
should be coloured or lighted to come out on 
the print as a neutral grey; it should never be 
white, as the strong reflected light tends to be 
spread by halation and destroy the crisp 
definition around the edges of the subject. 
Sensitized Material. Most experienced technical 
photographers prefer plates because they are 
more easily handled than film, and the rigid 
support simplifies any work such as blocking 
out or titling that may have to be carried out 
on the negative. Plates or flat films are almost 
essential for this critical work because they can 
be developed separately. Whether panchroma- 
tic or ordinary colour-blind emulsions are 
used will depend on the subject. 

Ordinary colour-blind emulsions are prefer- 
able when statuary or the like has to be repro- 
duced in its natural grey tones, but, for subjects 
containing colour, a panchromatic emulsion 
with a suitable filter is essential. The slower 
emulsions, whether panchromatic or ordinary, 
are preferable unless the subject has to be 
photographed in situ in poor light. 

Nineteen out of twenty subjects will be suit- 
ably corrected on pan plates by using a 3 x 
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yellow filter but, very occasionally in antiques, 
one gets rich colours in, say, rosewood or 
marquetry or the tortoiseshell inlay on Buhl 
furniture which call for an orange filter. 
Focusing should always be done with the filter 
in position because the filter may cause a slight 
shift in the focus of the rays that form the 
photographic image. 

Processing. In many branches of photography, 
processing which gives approximately correct 
tone values is all that is required. This 
standard is not good enough for a negative 
which may at any moment be the only record 
of a unique piece which has met with disaster. 
For that reason the normal practice of taking a 
spool of mixed subjects at varying exposures 
and developing it by time and temperature in a 
standard developer will not do. Such impor- 
tant records must be developed separately to a 
gradation and contrast scale which is comple- 
mentary to that of the subject and yet may vary 
from one subject to the next. 

Photographers who specialize in this critical 
work often develop by inspection. The developer 
employed is almost invariably a standard 
pyro-soda formula. With this it is possible 
to pre-determine the character of a negative 
by varying the pyro content; a solution 
rich in pyro will tend to produce a contrasty 
negative, whereas by reducing the concentra- 
tion the same exposed material can be made 
to yield the softest image it is possible to print. 

Photographs of antiques are mostly used for 
records and for catalogue reproduction, and 
for that reason they should preferably be 
printed on glossy or smooth paper which gives 
the maximum resolution and rendering of 
detail. C.D. 

See also: Ceramics; Coins ; Glassware ; Manuscripts and 
old documents; Paintings and drawings; Silverware. 

ANTI-REFLECTION COATING. Very thin 
coating of a metallic fluoride applied to a glass 
surface — e.g., of a lens — to reduce light lost 
by reflection. 

See also : Coated lens. 

ANTI-SCREEN PLATES. Commercially used 
term for plates whose blue sensitivity has been 
reduced by dyes. Such plates may be used 
without a colour filter to produce effects 
normally obtained with an orthochromatic 
plate and a yellow filter. 

APERTURE. The clear aperture of a lens is 
the area of the hole available for light rays of 
an axial beam traversing the lens to form an 
image. In an unmounted lens, the aperture is 
the same size as the lens itself; in a mounted 
lens, it is decided by the internal diameter of 
the rim of the mount. In practice, the lens is 
usually equipped with a diaphragm or stop 
which restricts the area still further to control 
the brilliance of the image (the bigger the 
aperture, the more light passes, and the greater 


the exposure) and to control the depth of field 
of the lens (the smaller the aperture, the greater 
the depth of field). 

The size of the aperture is indicated by its 
/-number, i.e., the ratio of the diameter of the 
opening to the focal length of the lens; a low 
/-number indicates a large aperture. 

See also : Diaphragms. 

APLANAT. Lens corrected to give an image 
as free as possible from spherical aberration 
when at full aperture. 

APOCHROMAT. Lens (usually microscope 
object glass or special process lens), which 
has been corrected for the three primary 
spectral colours as opposed to achromatic 
lenses which are corrected for two colours only. 

APRON. Long celluloid or plastic band with 
dimpled edges in which the film is wrapped 
around the reel of one type of 35 mm. develop- 
ing tank. It has also been used in roll film tanks. 

AQUARIA. Both black-and-white and colour 
photographs may be taken of fish and other 
aquatic life in tanks in private or public 
aquariums. Successful pictures can be made 
both by natural or artificial lighting. 

See also: Fish. 

AQUATINT. Another name for the gum 
bichromate process following a fine art term 
for a form of etching. 

ARABIC GUM. Form of gum used in the 
Arabin or gum bichromate process. It is more 
usually called gum arabic. 

ARABIN PROCESS. Another name for the 
gum-bichromate process perfected by Nelson K. 
Cherril who published an account of it in 
June, 1909. 

ARAGO, FRANCOIS, 1786-1853. French 
physicist. Read the famous Rapport on the 
Daguerreotype before the Chamber of Depu- 
ties, 3rd July, 1839 and the French Academy 
of Sciences on 19th August, 1839, and fur- 
thered Niepce’s and Daguerre’s invention in 
other ways. Biography by Lunel (1853). 

ARC. Electric discharge across a gap in a cir- 
cuit. The arc may be struck between carbons, as 
in the arc lamp, when it provides an intense con- 
centrated source of light; or between electrodes 
in a gas-filled bulb or tube, as in the discharge 
tube, and electronic flash tubes. In the form of 
an intermittent spark the arc may provide 
illumination for high-speed cinematography. 

The term is also used to indicate sparking on 
faulty contacts. 


40 



ARC 


ARCHAEOLOGY 


As scientific methods are now applied to 
archaeological work, photography has come 
to be a vital part of every excavation. It falls 
roughly into three categories: aerial photo- 
graphy, field work and indoor work. 

What is needed in every case is a clear, 
sharp picture. The photographer cannot 
choose his composition; his job is to present 
the truth, and this requirement governs his 
choice of equipment, preparation and lighting. 
And he must be prepared to tackle a great 
variety of subjects. Archaeological photo- 
graphs may be required to reveal the details of 
walls, floors, foundations, hearths, post holes, 
doorways, mosaic pavements, or small finds 
in situ, or they may have to record changes of 
colour or texture of the soil in a vertical of 
horizontal plane, denoting layers of occupation, 
foundation, trenches, etc. The newcomer to 
archaeological photography will find it helpful 
to study the illustrations in books and periodi- 
cals devoted to this exacting branch of photo- 
graphy. 

AERIAL PHOTOGRAPHY 

Aerial photographs have been used for a 
long time by archaeologists to help them 
in their study of the remains of ancient civiliza- 
tions. The camera, looking from the air, can 
show the layout of a camp, a village, or a 
city, in a picture that would otherwise have 
called for a tedious and expensive ground 
survey. 

But more recently observers noticed that 
from time to time patterns appeared in aerial 
photographs that could not at first be seen on 
the ground. Research on the site confirmed that 
the markings indicated the presence of the 
buried ruins of ancient streets and houses. 
From then on, it showed that many otherwise 
invisible sites could be rendered clearly on 
photographs taken from about 5,000 feet in the 
very early morning or late evening. The 
extremely oblique rays of the sun at such times 
throw up shallow relief that could not other- 
wise be seen. 

Even where there is no relief at all, vanished 
sites are often revealed by variations in the 
colour of crops growing on the land. These 
differences are more marked at some growing 
seasons than others. Colour differences can 
sometimes be traced to the stronger initial 
growth of crops over silted-up ditches which 
in dry seasons retain more moisture than the 
surrounding earth. 

It is an interesting fact that no matter how 
often or for how many years the land has been 
ploughed and re-ploughed over such sites, it is 
impossible to obliterate all traces. Even when 
the visible surface signs have disappeared, aerial 
photography, if necessary with special — e.g., 
infra-red — sensitive materials and filters, can 
make them appear again. 


Method. There are two types of photography : 

(1) The vertical pin-point of a selected site. 
This has the overwhelming advantage of giving 
a definite scale to the photograph when the 
height from ground, focal length of lens, and 
width of negative are known. A number of such 
vertical shots may also be taken in the form of 
a vertical line overlap or even a mosaic. 

(2) The oblique photograph taken from the 
side of the aircraft (either port or starboard). 
This is more of a picture and is taken at a lower 
level than the vertical type. It is easier to 
photograph this way, but the working out of a 
true scale is a highly complicated mathematical 
procedure. For a vertical photograph the fore 
and aft line of the aircraft and wing levels must 
be truly horizontal to the ground, and the 
camera must be suspended in the aircraft in 
such a manner as to avoid or lessen vibration. 
When taking oblique shots, the operator and 
his camera must not be in contact with the side 
of the aircraft at the moment of exposure or 
camera shake may be produced. 

The work calls for close co-operation between 
pilot and photographer. Before the flight, 
contours and other information about the area 
are studied with the aid of maps and the timing 
and lines of flight are decided on. 

There is always one type of lighting that 
gives the most information according to the 
relief of the subject and the state of the vege- 
tation. 

Oblique shots are generally best taken from 
a height of not more than 500 feet, in order 
not to lose the height of the subjects like 
cairns or burial mounds and to get the subject 
as large as possible on the negative. 

Vertical pin-points require extreme care to 
get the subject in the centre of the negative; 
where possible it is better to make a series of 
pictures, each with a 60 percent forward over- 
lap. This method also allows any two of the 
pictures to be observed stereoscopically (a 
process known as interpretation). At the 
magnification given by the stereoscope, all the 
contours and details in the photograph are 
revealed. 

Subjects in very low relief call for rising or 
setting sun and good results will often be 
obtained, particularly in the Middle or Far East, 
by flying into the sun. 

Spring and autumn are very good seasons to 
photograph and show individual characteristics, 
because immediately over buried stone and 
brick walls the earth provides less moisture 
and the crops do not grow quite so thickly as 
in the earth surrounding the walls. The ripening 
and yellowing of the two occur at different 
times and the difference in colour can be 
distinguished by a panchromatic emulsion. The 
reverse happens with ditches or hut circles, 
because the ditch or hut marking, no matter 
how often ploughed, always provides a greater 
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depth of good soil; this holds more water than 
the adjacent ground and provides a more lush 
growth of crop. 

While the work is better carried out by two 
people with good ground work first, it can be 
done in a small light aircraft or even helicopter 
by a good pilot, using remote camera control. 
Equipment. Costly equipment is not necessary 
for a survey. A good quarter plate or 2£ x 3£ 
ins. film camera, with a first-class anastigmat 
lens and speeded shutter, fitted with a pale 
yellow or a pale green filter, and loaded with 
a fine grain material, is satisfactory for normal 
work. The shots must be made through the 
open window with the bellows of the camera 
protected against the airstream. If the windows 
cannot be opened, there must be no reflections 
from lights inside the cabin. 

Where possible, the photographs are taken 
from an aeroplane, but archaeological expedi- 
tions also use balloons and kites. These are 
suitable for comparatively small areas and for 
taking photographs up to about 150 feet. 
The balloon or kite is flown over the site and 
the camera shutter is released by a simple time- 
switch. 

Both oblique and vertical photographs are 
used, each type having its own special advan- 
tages. 

The sensitive material normally used in this 
and other kinds of aerial photography is the 
ordinary aero film. This is simply a standard 
panchromatic material with high contrast, 
developing with normal technique to about 
gamma 1 -5. 

Prints from aerial negatives should generally 
be on the soft side to retain the maximum detail 
in the shadows. 

In addition to black-and-white pictures, 
much useful work is nowadays done on colour 
film. Often details which give no visible contrast 
on black-and-white material show up clearly 
as a colour difference on colour film. Infra-red 
also offers possibilities. G.T.S. & M.B.C. 

GROUND PHOTOGRAPHY 

Before commencing work in the field or 
indoors, much time must be spent preparing 
the ground, whether the photographs are to 
accompany a report or merely for the records. 
In order to bring out the details — by which 
some historical point may later be illustrated — 
every subject needs careful preparation. In the 
case of trenches, the edges must be sharp and 
straight, the dump kept at least two feet from 
the edge and the intervening space swept with 
a hard brush. Floors must be swept to remove 
all loose earth and until the surface looks clean 
and hard; stones must be thoroughly brushed, 
and mosaic pavements should be washed. The 
cleaning is generally the joint responsibility of 
the photographer and the site supervisor. 

It may be desirable to obtain a compre- 
hensive view of a complicated site from a high 


staging or an extension ladder. Under such 
conditions the photographer may have to 
work under conditions of some difficulty being 
restricted by the size of the platform available. 
Cameras. The choice of a camera may be 
governed by personal taste, or the finances of 
the excavation, but since the object is sharpness 
and detail in the photographs, the equipment 
should if possible include a field camera, with 
focusing screen, or a twin-lens reflex. The 
photographer must be able to see exactly what 
he is getting into his picture and this cannot 
be done adequately with a viewfinder. 

A whole-plate or half-plate field camera has 
an enormous advantage over the miniature and 
folding cameras in having all the camera 
movements so necessary in this kind of work; 
rising front, swing back, cross front and 
double or triple extension. For work in a 
restricted space, such as a narrow trench or a 
tomb, a 9 x 12 cm. or quarter-plate camera is 
ideal; it has most of the movements of the 
larger makes and the negatives are big enough 
to do away with the need for enlarging, except 
for reproduction in publications. 

Full recording involves taking a great num- 
ber of photographs; this is specially true of 
foreign excavations, when many, if not all, of 
the finds have to be left in the country, and will 
not be available at a later date. Only a selec- 
tion of these photographs will be used for 
publication in the final report, but the rest are 
an essential part of the records. They must 
provide a detailed record of every stage of the 
excavation. As all 35 mm. negatives have to 
be enlarged, while from the larger camera a 
contact print is all that is necessary, the larger 
camera actually saves much time and expense. 

Where running costs have to be kept down, 
the miniature and twin-lens reflex cameras cost 
less for sensitive materials than the field camera, 
and the darkroom requirements will be corres- 
pondingly modest. But even if a miniature 
camera must be chosen, it is advisable to buy 
one with a focusing screen and interchangeable 
lenses — i.e., a miniature reflex. A camera of 
this type is very useful on any excavation both 
for photographing small finds and for making 
colour transparencies. Transparencies are 
used very sparingly, if at all, for illustrating 
reports because of the cost of colour reproduc- 
tion, but they are particularly useful for lan- 
tern lectures. 

Lens. It is not necessary for the lens to work at 
a wide aperture; the archaeological photo- 
grapher, whose subjects do not move, seldom 
requires anything larger than / 8. However, he 
does need at least two lenses, one of medium 
focal length, and one of short focal length (wide 
angle), with, if possible, a third of long focal 
length. The wide-angle lens is essential when 
there are architectural remains on the site. A 
telephoto lens can be very useful on occasions, 
but it is an expensive extra and by no means 
necessary in normal archaeological work. 
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SCALE: T op left: A record shot by itself gives little idea of size. 
Top right: A surveyor’s 6 feet scale rod against the base of the 
object will provide a comparison. Bottom left: In oblique 
views the scale rod may be parallel to the base of the pictures. 
Bottom right: If parallel to the base of the object the divisions 
help to indicate actual depth of the subject. 


Tripod. The tripod should be very rigid, have 
a tilting head for vertical work, and be adjust- 
able in height to at least six feet. A small tripod 
with a ball joint head is a necessity for work 
in restricted areas. It should be as simple to 
adjust as possible, especially for work in tombs, 
where there is little freedom of movement. 
Exposure Meter. A good photo-electric expo- 
sure meter is a necessary part of the equipment, 
but it will not always be possible to get an 
accurate reading for the whole subject. When 
photographing a deep trench and in sitnilar 
instances where the light strikes unevenly, the 
reading for the one part will be necessarily much 
higher than for the other. In such cases the 
reading should be taken f or the darkest shadow; 
the over-exposed highlight areas of the nega- 
tive can be corrected in the printing. 

Scales. An archaeological photograph which 
does not include some sort of scale is quite 
meaningless. Surveying rods are generally 
used and when they are shown vertically they 
should always be parallel with the sides of the 
focusing screen or viewfinder. When used 
horizontally it is frequently better to lay them 
along the bottom of a wall or structure of some 
sort, than to have them parallel to the base of 
the picture. 

For less extensive views a smaller scale should 
be used and in every case the scales should be 
clearly marked and kept repainted. They 
should not be so large and clumsy that they 
take away attention from the subject; they 
should be carefully placed where they will give 
scale to the subject, but not where, by their 
size and position, they form a major distrac- 
tion. For small finds, groups of pottery, etc., 
cardboard scales of varying sizes can be cut and 
painted to show alternate black and white 
divisions. 

Filters. Filters are useful in archaeological 
work for emphasizing changes of colour in 
stratification and bringing out the colour and 


texture of pottery and the colour of mosaics. 
A set of tri-colour red tri-colour green, light 
yellow or light green is all that will be needed. 
For special filters, the necessary increase of 
exposure is always given on a printed slip 
included with the filters as supplied by the 
makers. 

Additional Equipment. Other items of necessary 
equipment are a small spirit level, a plumb 
line and a lens hood. The photographer will 
always find it useful to have with him one or 
two small decorator’s paint brushes for last- 
minute brushing, drawing pins, plasticine and 
a set of small tools. 

Negative Materials. Panchromatic materials 
are the most satisfactory for general use, though 
there are occasions when it is useful to have a 
supply of ortho as well. The speed and make of 
film is a matter of choice, but it is better to 
sacrifice speed for fine grain qualities where the 
negatives will have to be enlarged later. 
Developers made up in packets are preferable 
because they can be readily mixed in even the 
most primitive conditions in the field. It is also 
advisable to use tanks for processing because 
they save time, keep out the dust and obviate 
finger marks and other evils. 

If miniature or roll film cameras are to be 
used, the films should be processed in daylight 
developing tanks. A changing bag can be used 
for loading them into the tank, thus doing 
away with the necessity for a darkroom. The 
printing is best done when the expedition 
returns to base. 




TRENCHES Top: Deeper parts of trenches and excavations 
rarely receive sufficient direct light, resulting in excessive 
contrast and lack of detail in the shadow areas. Bottom: A 
reflector or mirror will throw additional light into the shadows. 
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UCHTING RELIEFS. Riche: Engraved inscriptions etc., need 
side lighting to make them stand out. Left: Front light illu- 
minates the surface evenly without casting shadows. It therefore 
fails to bring out any relief in the subject. 


Lighting. With archaeological subjects, the 
right lighting is of the utmost importance and 
from the beginning of the excavation the 
photographer must study the conditions on the 
site at all hours of the day and make notes for 
future reference. For most work in eastern 
countries at least it is advisable to avoid full 
sunlight. A photograph of a long trench is not 
improved by having the upper part in strong 
sunlight and the lower levels in deep shadow, 
and a collection of large storage jars photo- 
graphed in situ in brilliant sunshine is con- 
fusing and unsatisfactory. For such photo- 
graphs, sun obscured by light cloud is ideal. As 
this cannot often be arranged, the best times 
are early in the morning and immediately after 
sunset. The margin of time is very short in 
either case and it calls for careful organization 
and timing. 

The viewpoint will usually have been chosen 
by the director of the excavation, and the 
photographer and site supervisor must co- 
operate in seeing that everything is ready and 
no time is lost in last-minute tidying up and 
arranging the gear. The position of the camera 
and ranging rods should always be tried out 
beforehand. The light at the foot of a deep 
trench or in a dark comer can often be im- 
proved by the use of large sheets of white card- 
board or mirrors as reflectors. 

Subjects such as inscriptions, objects with a 
raised pattern and decorated masonry are 
better not taken in the middle of the day, but 
when the sun strikes them obliquely; some are 
best taken with the sun directly behind them 
with the lens carefully shaded against the 
direct rays. 


In photographing small finds and potsherds 
vertically, if the subject rests on a square of 
ground glass supported across two boxes, with 
a sheet of white paper underneath, there will 
be no confusing orfeatureless shadows. 

Photographing tombs and confined spaces 
where there is little or no light presents many 
difficulties; flash is quick and convenient, but 
tends to give ha.d shadows. If a portable 
generator is available, a very satisfactory 
type of diff used light is obtained by throwing the 
beam on to the ceiling or walls. (This can also 
be achieved by “bouncing" flash off the same 
surfaces.) However, in many cases there is so 
little room to work that there might not be 
space for the necessary electrical apparatus. A 
makeshift can be improvised with car head 
lamps at the end of a long flex, but the ideal 
is a proper adjustable lighting stand. 

Indoor Work. In photographing specimens 
indoors, the technique does not differ basi- 
cally from ordinary studio work. In the field, 
however, the light may not be under the control 
of the photographer, but good results can be 
obtained by natural daylight if sheets of white 
cardboard are used to light the side of a sub- 
ject farthest from the light coming through a 
window or door. Large sheets of drawing paper 
will serve as a background and these must be 
continually renewed as they become creased or 
soiled. The pottery is normally washed before 
it reaches the photographer; it may, however, 
need a final brush and in some cases a pattern 
can be emphasized if the pottery is damped 
with a wet brush. Plasticine lightly rubbed over 
troublesome highlights on glazed or shiny 
objects will help to tone them down. 

Filing System. A reliable system of filing is 
essential so that the director, even after a lapse 
of years, will be able to find a particular photo- 
graph without searching through hundreds. The 
method usually adopted is to number the nega- 
tives on the clear edge with Indian ink, pre- 
facing the number with the name of the site. 
The number is written on the outside of the 
negative envelope, and a record made of the 
date, viewpoint, time of day, lighting, make 
and speed of film and exposure. These details 
are entered in a negative register and copied on 
to the back of the record print. N.L. 

See also : Aerial survey; Antiques. 

Book: Photography for Archaeologists , by M. B. 
Cookson (London). 


ARCHER, FREDERICK SCOTT, 1813-57. 
English photographer and sculptor. Invented 
the wet collodion process and in 1851 pre- 
sented it as a free gift to the world. Also 
invented stripping of collodion films, since 
applied in much photomechanical work. 
Archer was also author of the first manual on 
collodion photography. 

44 


ARC (HIGH INTENSITY). Type of arc used 
in some arc lamps. With low intensity A.C. 
arcs, certain drawbacks prevent their use in 
cinematography where a steady point-source 
light is required. By employing carbons run at 
a sufficiently high current density, a relatively 
flickerless and compact source of illumination is 
obtained which is suitable for projection. 



ARC 


ARCHITECTURE 


An architectural photograph shows a whole 
building, a part of a building, or a detail, e.g., 
an ornament, plaque or relief carving. 

Architectural photographs are of three 
kinds: 

(1) Scientific records from which actual 
measurements may be deduced. 

(2) Pictorial studies. 

(3) Normal photographs which show what 
the building looks like, for use as souvenirs, 
illustrations for magazines or advertisements, 
or for the office files of the architect, builder or 
estate agent. 

Records. Accurate records, e.g., of historic 
buildings such as those made for the National 
Buildings Record, are best taken under strictly 
controlled conditions, among them being that 
the camera should have a rigid body, be set 
absolutely square and level and record the 
whole building in a series of views, each of 
which shows two sides and an indication of 
one of the other camera stations. Preferably 
each picture should include a measuring rod in 
contact with one of the main walls. Such work 
is outside the scope of the ordinary photo- 
grapher unless he works in co-operation with 
the National Buildings Record. 

Pictorial Studies. Buildings are excellent sub- 
jects for the pictorial photographer in so far 
as they exhibit beauty of proportion and tex- 
ture, and in the way they lend themselves to 
bold effects of light and shade. But the pictorial 
worker simply approaches the subject as a 
means of personal expression; he may deli- 
berately introduce distortion with angle shots, 
or suppress detail by using soft focus, or give 
extra emphasis to certain features when com- 
posing. However pleasing the result may be 
it is probably useless as a faithful record of the 
building, and is not strictly an architectural 
photograph but rather a picture. 

In creating a pictorial study of a piece of 
architecture, the photographer may include 
one or more of the surrounding features, or 
more or less of the background. He can control 
the importance of such items by varying his 
viewpoint and distance to alter the angle or 
perspective. Foliage forms one of the most 
useful aids of this kind; often the inclusion of 
adjacent trees introduces a balancing element 
to the composition or provides a useful con- 
trast for the hard outlines of the building. Any 
foliage that appears in the picture, however, 
should always be solidly attached to a trunk; 
it should not simply grow out of the side of the 
picture. 

Normal Photographs. Outside these specialized 
fields, architectural photography is simply con- 
cerned with producing a reasonably good like- 
ness of the building which will convey a truth- 
ful impression of its shape and proportions. 
As a rule, the surroundings, too, are important, 
contributing to the character of the building. 


Architectural Styles. It is useful for the photo- 
grapher of architecture to have some know- 
ledge of the various architectural styles, even 
if his interest goes no further than the surface. 
Each period has its own pictorial features and 
the photographer who can recognize them 
knows what to expect from the guide book 
classification of any particular building. So he 
can tell in advance which places will yield the 
type of picture that interests him most. 

The principal guide book classifications of 
English ecclesiastical and domestic architec- 
ture are Norman (1050-1180), Early English 
Gothic (1180-1280), Decorated Gothic (1280- 
1370), Perpendicular Gothic (1370-1500), 
Early Tudor (1500-1550), Late Tudor (1550— 
1600), Palladian Classic (1600-1660), Wren 
Classic (1660-1700), Georgian (1700-1800), 
Regency (1800-1837), Victorian (1837-1900), 
and Modem. Photographically the appeal of 
each is distinct — from the simple stone masses 
of the Norman period to the sophisticated 
elegance of the Regency and the functional 
excellence of the best Modem styles. Many 
guide books contain a brief introduction to the 
various styles. 

EQUIPMENT 

Any camera can be used to photograph 
architecture. Even a fixed focus box camera 
will give excellent photographs providing the 
photographer is content to let the limitations 
of the camera dictate the view. 

As most exposures lie in the region of a half 
to several minutes and can therefore be made 
by simply removing and replacing the lens cap, 
a shutter is not essential. 

Stand Cameras. For the serious architectural 
photographer, a stand camera equipped with 
interchangeable lenses and a wide range of 
camera movements is essential. Those who wish 
to take up this form of photography profes- 
sionally should invest in a whole-plate but much 
useful work can be done with a smaller size, 
e.g., 4x5 ins., fitted with a W.A. rack and 
adapted to take quarter plates. The 4x5 ins. 
is preferable because it has greater rise and fall 
than the quarter plate. To increase this move- 
ment, the lenses should be mounted off the 
centre of the lens panel. 

The falling front is most valuable in photo- 
graphing church architecture because it allows 
the lens to be dropped below the base of the 
plate, to photograph the top of the object, i.e., 
the top of a font and its base at the same time, 
to show what the surface plan is like. 

Hand Cameras. Ordinary hand cameras are un- 
suitable for serious architectural photography. 
The main drawback is the absence of camera 
movements — in particular, the rising front. 

As practically every architectural subject 
lies mainly above eye level, a camera without 
an adequate amount of rising front must be 
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CHURCHES. Top: For general coverage take overlapping views 
of the whole building, including the previous camera position 
in each shot. Upper Centre: If necessary take a second oyer- 
loaning shot A to ensure covering the earlier camera position. 
General views can be followed by secondary views B and detail 
shots. To record the whole of a long wall C toke overlapping 
shots with the camera positions moved parallel to the direction 
of the wall. Lower Centre: The eastern end of a church is best 
photographed from position D between 5 and 7 a.m., the west 
side from E between 4 and 8 p.m„ and the north face from F 
between 6 and 9 p.m. Bottom: A complete interior record 
requires a large number of shots f rom pre-planned positions. 
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tilted upwards at a steep angle and this pro- 
duces distortion of verticals which is impossible 
to correct accurately. 

Alternatively, the viewpoint must be moved 
so far away to get rid of the tilt, that the 
negative has to be greatly enlarged (with an 
inevitable loss of quality). 

The average hand camera is also handicapped 
because it has no focusing screen and only one 
lens. These are serious drawbacks in a field 
where the viewpoint is often dictated by cir- 
cumstances and the photographer must be able 
to fit his subject into the picture space whether 
he is working close up or at a distance. 

Miniature Cameras. Although the miniature 
camera has its limitations in the field of archi- 
tecture, it has advantages in some directions 
over the hand camera. 

The principal advantage of the miniature for 
architectural photography is its great depth of 
field even at wide lens apertures. This enables 
sharp pictures to be obtained even when a fast 
shutter speed must be used to arrest the move- 
ment of people around the building. 

Again, the miniature worker can carry a 
comprehensive range of lenses which can be 
quickly interchanged and focused. This allows 
him to make a complete record of the building 
in a set of photographs including long shots of 
distant details and wide angle shots in confined 
spaces. He can do this in a fraction of the time 
that would be taken with the conventional 
equipment. 

With a camera taking an oblong negative, 
e.g., 24 x 36 mm., it is even possible to pro- 
vide the equivalent of rising front movement 
by keeping the back of the camera vertical 
and photographing the subject on the bottom 
half of the negative. And even when there are 
uncorrected verticals on the negative, they 
can be restored to some extent by tilting the 
negative carrier and easel of the enlarger. 

Lenses. Since there is no need to use fast 
shutter speeds, expensive wide aperture lenses 
are unnecessary. Many of the early lenses of 
cemented doublet construction can often be 
bought quite cheaply second-hand. When such 
lenses are repolished and bloomed (a treatment 
which firms specializing in the work will carry 
out for a moderate sum) they will give the best 
results. 

A suitable set of lenses for a quarter plate 
camera would consist of two wide-angle lenses 
of 3 and 4J ins. focal length, a 6J ins. con- 
vertible lens with components giving focal 
lengths of 9 and 14 ins. and a variable telephoto 
lens. Such a range will cover practically every 
situation. 

Lens Hood. A lens hood should be used always 
and adjusted afresh for each focal length of 
lens. The best type for this work has a rect- 
angular shape which just permits the plate to 
be covered without cutting off the field of 
view. It should be wide enough for the plate 
when in the horizontal position and tall 



CHOICE OF FOCAL LENGTH. Left: A long-focus lens covers a narrow angle of view and reproduces the subject on a large scale 
from comparatively far away. It is thus suitable for shots of inaccessible detail. Centre: The normal lens takes in an average angle 
and is used for medium views. Right: A short-focus lens takes in a wide angle of view, covering a lot of the subject ct fairly close 
range. It is Ideal f or photographs in confined spaces where it is impossible to back sufficiently from the subject. Extreme wide-angle 
lenses may, however, produce some image distortion ( e.g ., the widening of the outside columns in this case). 


enough to allow the maximum rise of front 
without cutting off. Loose pieces of thin black 
card are useful when photographing detail 
under brightly lighted windows. A suitable 
piece is rested on top of the existing hood to 
cut off any strong beams of light. 

Tripod. The most suitable form of tripod has a 
maximum height of about 5 feet 10 ins. and a 
minimum of 2 feet with all the legs sliding 
into one another so that the camera can be 
adjusted to any height between these two 
extremes. It should be firm enough to sit upon 
when extended to 4 feet. 

Tripods which have a centre sliding pillar 
are definitely not suited to architectural work, 
unless they are fitted with a very strong uni- 
versal ball-joint at the top. So few surfaces are 
level and the bother of adjusting the short legs 
to get the pillar dead vertical is a nuisance, 
especially if it has to be done thirty or forty 
times per day. 

A simple tilting table is useful for photo- 
graphs of roof details, etc., which cannot be 
brought in with the rising front, and also for 
brasses and ledger stones set in the pavement. 

To prevent the tripod legs from slipping on 
polished floors there are special rubber feet 
that fit over the ends of the legs. The same 
purpose can be served by using three rubber 
heels, fastened to pieces of wood about 2 ins. 
square, drilled with holes to take the tripod 


legs. A mat will also serve the same purpose. 

Another essential is a small spirit level, to 
allow the back of the camera to be set accurately 
in the vertical and horizontal planes. The single 
bubble type used by engineers is preferable to 
the circular or T-type sometimes offered for 
photography, and the casing should be cut 
away at the sides so that the bubble can be 
seen at eye level. 

Negative Materials. Medium speed, backed 
panchromatic plates are the most suitable 
negative material and in a film camera, a 
medium speed panchromatic film. These 
materials have the necessary latitude to deal 
with the extreme tone range of architectural 
subjects, and the fine grain for recording 
detail and texture. 

One of the great drawbacks of roll films for 
this work is that it is not possible to develop 
individual negatives. This is a serious handicap 
when the subjects on a single film may include 
contrasty exteriors in bright sunlight and flat, 
dimly lighted interiors. 

Filters. The craze for deep, over-corrected 
skies in architectural photographs has had its 
day. Far more truthful and less assertive skies 
in landscapes and exteriors result from the use 
of medium speed panchromatic plates with a 
generous exposure and compensated develop- 
ment. Filters are more often reserved for 
recording the grain in woodworkor emphasizing 
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DIRECTION OF THE SUN. To display the structure of a 
building to its best advantage, the lighting must emphasize its 
shape. This is governed by the direction of the light, which is 
more conveniently controlled by moving the cnmera position in 
relation to the light source. Top: When the sun is directly 
behind the camera, everything is evenly lit, and the result is 
flat and lifeless, without modelling. Lower centre: With the 
sun behind the subject, the shadow side faces the camera 
and the image consist* of nearly detailless silhouettes. 
Bottom: The light from the side throws the subject into relief 
by casting shadows yet retains highlight and halftone detail. 
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the contrast between different materials and 
in church interiors, for reproducing coloured 
inscriptions and illuminated writing. 

For shop fronts, highly polished furniture, 
etc., where reflections are a nuisance, polarizing 
Alters are indispensable. Shop windows also 
may be photographed by their own lighting, 
helped out by a flash if necessary so long as the 
flash is not reflected in the window. This is 
another way of getting around the problem of 
reflections. 


TECHNIQUE 

Two things have to be considered before 
setting up the camera — the viewpoint, and the 
lighting. 

Viewpoint. Usually it is best to work with the 
camera at eye level and to ensure a pleasing 
perspective by getting as far away from the 
subject as possible. Once the viewpoint is 
chosen, the subject is adjusted to All the picture 
space by using a lens of a suitable focal length — 
not by moving the viewpoint closer to or farther 
away from the subject (because that would 
change the perspective). 

Lighting. The broad principles of the lighting 
of outdoor subjects described under daylight 
apply here. Generally, the best lighting for 
architectural subjects is sunlight softened by 
thin clouds and with plenty of reflection from 
large white cloud masses. Direct sunlight from 
a cloudless sky gives a hard picture with inky 
shadows, while the shadowless lighting of an 
overcast sky loses all the relief and texture of 
the subject. These faults can be corrected to 
some extent in development. 

The direction of the lighting calls for special 
attention. Frontal lighting is generally unsuit- 
able because it casts no shadows that can be 
seen from the camera position and thus does 
not show in relief the features of the building 
which stand out towards the camera. 

Back lighting again gives no impression of 
relief to the side of the building facing the 
camera, and it introduces violent and dramatic 
contrasts that are out of place in this Aeld of 
photography. 

As a rule the most suitable lighting is from 
the side and front at a fairly low angle, e.g., 
45 degrees. To emphasize texture at theexpense 
of everything else, it should come from the side 
and simply skim the surface. 

The only way in which the photographer can 
get the light from the right direction is to 
choose the right time of day. So for the best 
results each aspect of the building must be 
photographed at a different time of day, and a 
little planning with this in mind will save time 
and wasted journeys. 

Many important buildings including churches 
and cathedrals are floodlit on special occasions. 
Pictures of buildings by this form of lighting 
can be most effective, and provide a valuable 
supplement to a set taken in daylight. 
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Perspective. When the lighting conditions are 
right, the camera is set up at the chosen view- 
point with the baseboard horizontal and the 
back vertical. The image is roughly focused and 
examined on the focusing screen. If the top of 
the building (or the spire or tower of the church) 
does not come into the picture, it is brought in 
if possible by raising the front. If there is not 
enough movement available, then front and 
back swings are used and the baseboard tilted 
until the subject is all on the screen. 

The above procedure takes care of the 
vertical perspective. Next the horizontal pers- 
pective is corrected if necessary, by swinging the 
back of the camera to produce the most pleas- 
ing perspective of the horizontal lines. 

If the back is swung to bring it parallel to 
one face of the building, parallel horizontal 
lines on that face will reproduce as parallel 
lines in the print. At the same time, the pers- 
pective along the second side of the building 
may become too steep and it may be necessary 
to reduce the lateral back swing to an inter- 
mediate position giving reasonably good pers- 
pective on each face. 

At this stage it may be found that the lens 
has been moved so far off centre that it no 
longer covers the plate. This is corrected by 
using front swing until the whole of the picture 
once more lies inside the area covered and circle 
of illumination. By this time the focusing screen 
should show a picture of the building in which 
all vertical lines are parallel with the sides of 
the frame and in which the whole subject is 
included. 

Where other features are included in the 
picture— e.g., trees, or a gateway in the fore- 
ground, or hills in the background — their size 
in relation to the building is controlled by 
adjusting the distance of the camera from the 
subject. Moving the camera closer, for in- 
stance, would make the trees appear larger and 
the hills smaller in relation to the building. 
Moving the camera farther away would make 
the trees appear smaller and the hills larger. The 
image size must then be adjusted to fill the 
negative by changing the lens for one of larger 
or shorter focal length — i.e., if the negative 
includes too much of the scenery from the more 
distant viewpoint, then a lens of longer focal 
length would confine the picture to a smaller 
field without changing the perspective. 

Focusing. In an architectural photograph, 
critically sharp focus is expected as a matter of 


course. The value of the result depends on how 
much trouble the photographer is prepared to 
take to f ocus every detail sharply over the whole 
area. If the object is simply to make a picture, 
some softness of outline may even be desirable, 
but a faithful record must show every feature, 
including the texture of the building material, 
with the highest possible standard of definition. 

Up to this point, the lens has only been 
focused roughly; it is now adjusted accurately. 
First the photographer decides the nearest 
and farthest planes of the building which are 
to appear sharply in the final print, i.e., the 
limits of the depth of field. Next he focuses the 
lens (at full aperture) on a plane about one- 
third of the way from the near limit of the 
depth of field. Finally he stops down the lens 
until everything appears sharp within the 
required near and far limits. He then replaces 
the focusing screen with a loaded plate holder, 
and makes the exposure normally. 

Exposure. Exposure for architectural exteriors 
can be measured by any of the usual methods 
and the values are estimated as for other out- 
door subjects — e.g., landscapes — making due 
allowance for such factors as the tone of the 
subject, the contrast of the scene (including the 
setting) and the need for reproducing detail in 
the deepest shadows. 

Normally the photograph will be taken 
when there are no moving figures in view, so 
that the exposure will be made with a very 
small stop to achieve the greatest possible 
depth of field. Under these circumstances there 
is no need for a shutter and the exposure is 
made by uncapping the lens. 

Development. Specialists in this field mostly use 
plates of a fairly large format aid develop them 
by inspection in a dilute solution of a staining 
type of developer, e.g., one containing para- 
phenylenediamine or pyro with low sulphite. 
But the amateur is well advised to stick to his 
usual developer and adjust his technique to 
give a clean, fine-grain, not over-contrasty 
negative. This type of negative will bring out 
the shadow and highlight detail that is an 
essential feature of any good architectural 
record. In extreme cases of halation, however, 
special developers may be needed. L.H.-F. 

See also: Camera movements; Interiors; National 

Building Record. 

Books: All About Architecture , by R. M. Fanstone 
(London); Focus on Architecture and Sculpture, by 
H. Gcrnshcim (London). 


ARC LAMPS. Types of lamps which use 
incandescence caused by the passage of an 
electric current across a gap in a circuit. There 
are several kinds of arc lamp used in photo- 
graphy and projection. 

See also: Carbon arc lamp; Discharge lamp; Point source 
lamp; Zirconium lamp. 


ARGENTOTYPE. Early type of positive 
print invented by Herschel in 1842 which, with 
slight modifications, formed the basis of the 
Kallitype and sepia paper processes. The term 
was at one time also applied to any of the 
bromide printing processes. 

See also: Obsolete printing processes. 
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ARISTOTYPE. Another name for a print 
made on collodio-chloride paper. It is now an 
obsolete process. 

ARMAT, THOMAS, 1866-1919. American 
inventor (originally an estate agent in Washing- 
ton, D.C.). Tried to convert the Edison Kine- 
toscope for projection on to a screen, modified 
the Demeny Chronophotographe, developed 
with Jenkins the Phantascope (1895) and 
exhibited motion pictures with his Vitascope in 
New York on 23rd April, 1896 (several months 
after Lumiire had shown his Cinematograph in 
Paris). 

ARTIFICIAL LIGHT. Natural light is the 
light of the sun, moon or stars; all other kinds 
of lighting are classed as artificial. Electricity 
provides the principal source of artificial 
lighting used in photography. 

Photographic materials are generally less 
sensitive to artificial light than to daylight, 
although in practice the difference is very slight 
and is dependent on the nature of the light 
source. However, where accuracy is important, 
this speed difference must be taken into account, 
so films often have two speed rating; one 
for daylight and one for artificial light by 
normal filament bulbs. 

Exposure for subjects may be either calcu- 
lated from the type, power and distance of the 
light, or it may be measured. 

There are various types of calculator and 
tables available for the first method, but there 
are so many variables that, unless the photo- 
grapher has some previous experience with the 
lighting set-up, the results may be no more than 
50 per cent satisfactory. 

Measurement with an exposure meter is 
much more reliable — and quicker. At the same 
time the readings must be taken in such a way 
that they give a true picture of the illumination 
reflected in the direction of the camera, and the 
results must be interpreted intelligently. 

Exposures for flash illumination can be cal- 
culated fairly satisfactorily from the flash 
factor of the bulb in use. 

See also: Lighting the subject; Light sources. 

ARTIGUE PROCESS. Variation of carbon 
printing, introduced by M. Artigue. In the 
process no transfer took place and the print 
was not reversed. The special materials are 
no longer obtainable. 

See a Iso: Obsolete printing processes. 

ART PHOTOGRAPHS. Euphemism used in 
commercial advertising for describing nude or 
semi-nude studies posed for sex appeal. 

A.S.A. SPEED. System of rating the speed of 
sensitized materials laid down by the American 
Standards Association in the A.S.A. Standard 
Z.38.2. 1/1947. The A.S.A. speed itself is based 


on measurement of a prescribed point of the 
characteristic curve, and carries the prefix 0 — 
e.g., 0500. In practice an arithmetic and logarith- 
mic exposure index are used; the former is 
one-quarter the A.S.A. speed — e.g., 1 25 in the 
above case — while the latter is a logarithmic 
function of the speed and is expressed in 
degrees — e.g., 32°. Numerically, A.S.A. speeds 
and exposure indices are identical with B.S.I. 
speeds and exposure indices. 

Sec also : Speed of sensitized materials. 

ASPHALT. Another name for bitumen, im- 
portant in photography as being the substance 
used by Nidpce for making photographs. 
Asphalt is rendered insoluble in turpentine by 
the action of light. 

ASPHERIC(-AL). Term for a curved surface 
that does not conform to the shape of a sphere. 
Lenses and mirrors are usually ground or 
moulded with spherical surfaces, but occa- 
sionally— e.g., lenses used in projection systems 
and for correcting aberrations of curved 
mirrors — they are given aspherical shapes. 

Aspherical surfaces are very much more 
expensive to make than spherical. 

ASSOCIATION OF CINE AND ALLIED 
TECHNICIANS. The Association of Cine and 
Allied Technicians was founded in 1933 and 
registered as a trade union in the same year. Its 
aims and activities correspond to those of other 
trades unions, and are devoted to the interests 
of those employed in the motion picture 
industry and in television. Membership is 
normally open to film technicians engaged in 
film production and film processing, including 
directors, cameramen, sound recording en- 
gineers, art directors, editors and assisting 
grades. Similar grades employed in television 
are also eligible for membership. The Associa- 
tion has negotiated agreements on pay and 
working conditions with employers in features, 
newsreel and short films, and in film processing. 
It is affiliated to the Trades Union Congress 
and the Labour Party. 

The Association is governed by a General 
Council representing all grades, members of 
the Council being elected by ballot at the 
annual general meeting where policy is also 
decided. Membership of the Association in 
1954 was 5,830. Entry to most grades is 
dependent upon employment conditions in the 
industry. 

The official publication of the Association, 
the Cine Technician, is issued monthly and is 
concerned principally with employment con- 
ditions in the industry. R.G. 

ASTIGMATISM. One of the off-axis aberra- 
tions of lenses which makes the lens reproduce 
a point light source as two lines at right angles 
lying in different focal planes. 

Sec also: Aberrations of lenses. 
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ASTRONOMY. Astronomical photography is 
concerned with the photography of everything 
that lies outside the boundaries of the earth’s 
atmosphere. The first astronomical photograph 
was taken by W. C. Bond at Cambridge, U.S. A., 
in July, 1850, and since then photography has 
been responsible for all progress in the field of 
astronomy. It is safe to say that without photo- 
graphy, astronomy would still be where it was 
a century ago. 

The photographic method offers four im- 
portant advantages to the astronomer. 

(1) The sensitive emulsion can add up the 
light received over a period and thus give an 
image of a heavenly body that does not reflect 
enough light to make it visible to the eye even 
through the most powerful telescope. 

(2) Sensitive materials can be manufactured 
with a more useful range of colour response 
than that of the human eye. 

(3) The camera gives a permanent record of 
transient events. 

(4) More than one record can be made of 
different parts of the sky at the same time. 

Early Attempts. The earlier astronomical 
photographs were made with Newtonian tele- 
scopes which had the disadvantage of suffering 
from several aberrations, principally coma, 
astigmatism, distortion, and curvature of field. 
In 1936 Bernhard Schmidt designed an astrono- 
mical camera in which these aberrations were 
corrected. The Schmidt camera uses a spherical 
mirror and a curved corrector plate to form the 
image, and the film support is curved to match 
the surf ace of sharpest focus. 

Modern Apparatus. This basic design with a 
number of modifications was used for the 
72 ins. camera of the Mount Palomar Observa- 
tory which has a 72 ins. mirror, a field of 
6 x 6°, and works at an aperture of / 2-5. 
The large field of this camera is of great im- 
portance for making surveys. 

The Hale telescope of the same observatory 
has a 200 ins. mirror with a focal length of 
55£ feet and an aperture of / 3-3. This is the 
largest astronomical telescope in the world. It 
is by no means the best for every purpose; its 
field of only i° restricts it to certain special 
uses. Through this telescope stars and other 
bodies may be visible when their light is 
2,500,000 times too faint for them to be detected 
by the human eye. 

The table gives a comparison of the relative 
brightnesses of a number of heavenly bodies 
and indicates the exposure range encountered 
in this field of photography. 

The Stars. Exposures in astronomical photo- 
graphy vary from as little as five minutes to 
several hours and may even spread over 
several nights. The movement of the stars 
during the exposure is taken care of by a 
suitably geared motor which keeps the tele- 
scope constantly directed at the star. In addi- 
tion, an operator may have to stand by during 
the exposure to make minor corrections to the 


BRIGHTNESS OF HEAVENLY BODIES 


Star 

Magnitude 

Relative Brightness 

Sun 

- 26 

10* 

Moon 

- 11 

1 

Medium star 

. + 4 

io-« 

Faintest visible star 

+ 6 

l-6x I0- 7 

Faintest photographed 
star 

. + 22 

6x I0- 14 


A change of magnitude corresponds to a factor of 2-5 
times in brightness. 


motion by adjusting either the telescope or the 
plate holder. 

The most distant nebulae recorded are 
approximately 1,000 billion light years away. 
With such subjects, what the camera shows 
depends upon the length of the exposure; the 
longer it continues the greater the number of 
faint stars that will appear on the negative. 
This makes both photography and interpreta- 
tion difficult. 

Much vital information about distant stars 
is derived from spectrograms. These provide 
data on the consistency, temperature, and 
distance. The spectrogram can also show 
how the star is moving in relation to the earth. 
This is arrived at by measuring the colour of 
the light received from the star; if it is moving 
away from the observer, the wavelength in- 
creases and the colour shifts towards the red 
end of the spectrum ; if it is moving towards the 
observer, the wavelength decreases and the 
light becomes bluer. 



EQUATORIAL MOUNTING. This arrangement drives the 
telescope and camera so as to compensate for the apparent 
movement of the stars or planets and keep them in a constant 
position in the field. A, camera; B, plate-holder; C, sighting 
telescope; D, eyepiece focusing knob; E, polar axis ( angle of 
rake = latitude of location); F, telescope eyepiece; G, dew 
cap ; K polar axis, also sight ascension ( longitude ) scale. I, 
declination ( latitude ) scale; }, counterbalance weight; K, 
declination axis; L, drive mechanism. 
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The Sun. Photography of the sun has always 
been a major concern of astronomers. The 
subject falls roughly into two sections — 
photography of the face of the sun, and photo- 
graphy of the solar prominences and flares 
around the edge of the disc. 

Normal methods of photographing the face 
of the sun are used to study the dark areas or 
spots and record the changes in their position 
and area. A completely new set of phenomena 
has been revealed by the spectroheliograph 
designed by the American astronomer, G. 
Hale. This instrument takes a photograph of 
the sun by light of a single wavelength. 

In the past solar prominences and flares 
could only be studied by photographing the 
sun’s corona during an eclipse. This was 
always an uncertain method and at the best of 
times only allowed 100 minutes for working. 
It is now possible to photograph or film the 
prominences and corona phenomena at any 
time by means of the coronograph, designed 
by M. Bernard Lyot and installed in the Pic- 
du-Midi observatory in the Pyrenees. This 
apparatus produces an artificial eclipse and 
gives films of first class quality and detail. 

It is not possible to record all the various 
luminous zones around the sun on one photo- 
graphic plate because the range of tones is too 
great. The prominences and intensely bright 
flames near the surface of the sun can be photo- 
graphed with a short exposure but the long 
flares that reach out for great distances into 
space need very much longer exposures and 
call for a camera on a motor-driven equatorial 
mounting. 

The Planets. Photography of the planets has 
been used first for identifying them and later 
for examining them individually in detail. As 
the planets move in orbits, they record their 
presence as arcs of light when the camera is 
driven as for normal star photography in 
which the stars register as points. Only the 
brighter planets can be revealed in this way; 
the fainter ones are recorded by moving the 
camera at a rate calculated to make their 
images stand still. 

Individual examination of the planets began 
in 1879 when Gould, working at Cordoba, 
succeeded in obtaining pictures of Mars show- 
ing the surface markings. Since then excellent 
pictures of planets as far away as Uranus and 
Neptune have been taken at the great observa- 
tories. 

The Moon. The moon is a relatively easy subject 
for the camera. Rutherfurd first photographed 
it shortly after the invention of photography 
and since then a great number of observers 
have made special photographic studies of its 
visible surface in considerably magnified detail. 
Recently the 200 ins. reflecting telescope at 
Mount Palomar has yielded photographs 
which present the surface of the moon as it 
would appear to an observer from a height of 
only about 200 miles. G.T.S. 
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ATGET, JEAN EUGENE AUGUSTE, 1856- 
1927. French actor and photographer. Specia- 
lized in picturing Paris f rom 1 898 onwards ; the 
artistic and documentary value of his photo- 
graphs was recognized only after his death. 

ATMOSPHERE. That quality in a photo- 
graph which evokes the natural sensations 
associated with particular scenes. The atmos- 
phere of a March landscape might be conveyed 
by a cold, clear sky, pale sunshine, bare, wind- 
blown branches and scurrying clouds. A 
cathedral interior would possess atmosphere if, 
by subdued tones and distant, highlighted 
windows, it suggested the characteristic echoing 
twilight of such places. 

ATMOSPHERIC ACTION. Action of the 
air on photographic materials which generally 
causes slow deterioration. In addition to active 
oxygen which is particularly damaging to 
developers, the air may contain varying 
amounts of harmful impurities such as sulphur, 
suspended moisture and dust, and many kinds 
of industrial fume and smoke. For this reason 
all sensitive materials should be kept out of 
contact with free air as much as possible. 

See also: Fogging. 

ATOMIC THEORY. Supposition that all 
matter consists of basic and chemically in- 
divisible units, the atoms. During chemical 
reactions they combine with each other in pro- 
portions that are either simple or a multiple of 
the number of atoms involved. 

AUSTRALIA. Australia as a nation can be 
said to have grown up with photography. 
Records show that an experiment in daguerro- 
type photography (a street scene) was made as 
early as May 1841 while in the following year 
(9th December to be exact) the first profes- 
sional daguerrotypist, G. B. Goodman, had 
set himself up in business in a studio on the 
roof of the Royal Hotel (now 424 George 
Street), Sydney. Goodman subsequently tra- 
velled Australia visiting all the principal centres 
and taking the new portraits which attracted 
much public attention. By 1847, “Queen Vic- 
toria’s exclusive photographer, Douglas Kil- 
bum” was permanently established in Mel- 
bourne. By the early fifties a number of 
permanent businesses had been established in 
all the towns which are now the state capitals. 
In Sydney the photographic work of such 
men as Oswald Allen, W. Bradley, W. Hetzer, 
Thomas B. Glaister, Edward Dalton, Wheeler 
and W. C. W. Freeman was acclaimed as being 
the equal of any in the world. Freeman’s busi- 
ness is still at the same address and can claim 
one hundred years of service to the community 
— a circumstance perhaps unlikely to exist 
anywhere else in the world. In Melbourne the 
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new art was associated with the names of 
Townsend Duryea, P. M. Batchelder, T. A. Hill, 
John Noon, W. Asquith, W. W. Pentland, 
Antoine Fauchery, Davis & Co., and Burman. 
Early Exhibitions. The wet plate process 
reached Australia about 1855-6, the first im- 
portant photographs by the process probably 
being taken by Freeman. Amateurs were active 
by 1857, the pioneer worker being Sir William 
MacArthur of Camden. By the year 1858, 
interest had grown sufficiently for a display of 
photographs to be held by the Sydney Philoso- 
phical Society; on this occasion, in addition to 
many photographs by the above-mentioned 
Sydney professionals, examples were dis- 
played by a number of amateurs — these in- 
cluding Professor J. Smith, Stanley Jevons 
and R. Hunt, the latter two being officers of the 
then newly-established Sydney Royal Mint. 
Large collections of either negatives or prints 
by these three workers have survived and may 
well represent the world’s most important col- 
lections of early amateur photography. 

Another providential occasion in the history 
of Australian photography was the discovery 
by The Australasian Photo-Review of The 
Holtermann Collection, comprising several 
thousand original negatives of the period 1 872- 
83. Under the sponsorship of the gold miner, 
Bernard Otto Holtermann (famous for his 
discovery of the world’s greatest specimen of 
reef gold) photographers Beaufoy Merlin and 
Charles Bayliss covered all the principal towns 
of the south-east of the continent, besides pro- 
ducing many hundreds of negatives represent- 
ing a complete portrayal of life on the Hill End 
and Gulgong goldfields in 1872. So complete 
are these two last-named series that it has been 
possible to effect perfect reconstructions of the 
two towns. The collection now in The Mitchell 
Library (Sydney), includes the largest nega- 
tives ever made by the wet plate process. 
Technical and Commercial Progress. Australia 
can claim at least four “firsts” in photography. 
These include the first practical photolitho- 
graphy (by James W. Osbome, Victorian 
Government Photographer, in September, 
1859, and also by John Degotardi of Sydney); 
the first high-quality method of half-tone 
photo-reproduction (the Woodburytype, by 
Walter Woodbury, c. 1857) the first full length 
feature film (by Ensign Perry of the Salvation 
Army, Melbourne, 1900, being Commandant 
Herbert Booth’s Soldiers of the Cross ) and the 
first film for children ( Kidstakes , c. 1 930). 

Commercial dry plates began to reach Aus- 
tralia in the early eighties while the first 
Australian-made plates appeared c. 1883-4 
when Thomas Baker opened a small factory 
for the coating of Austral Dry Plates. A little 
later he entered into partnership with J. J. 
Rouse and established shops in several centres. 
By the tum of the century, the partnership 
was representing the Eastman Kodak Co. in 
Australia and about 1907 became a Kodak 


subsidiary. Today, on the banks of the River 
Yarra at Abbotsford (Melbourne), there is 
now a modern seven-and-a-half acre plant 
in which is coated a wide variety of sensitized 
materials. The production programme also 
covers a range of accessories, and chemical 
preparations for amateur, professional and 
specialized uses, as well as colour film pro- 
cessing. From other firms there is a large pro- 
duction of various types of silent and sound 
projectors, an electric exposure meter, en- 
largers and many minor accessories. 
Applications. In every department of life, 
Australia may be regarded as a most photo- 
graphically-minded country. Possibly the most 
characteristically Australian aspect of scienti- 
fic photography lies in the fields of cosmic rays 
and radio astronomy. In the clinical photo- 
graphy of operative surgery, the photographic 
technicians of the leading hospitals are recog- 
nized as being amongst the world’s foremost, 
considerable progress having been made with 
many special techniques, including the produc- 
tion of stereoscopic colour films. Governmen- 
tal agricultural, forestry and soil conservation 
services use photography extensively. 
Photographers and Organizations. Pictorial 
photography has been followed in Australia 
for almost one hundred years. Its greatest 
period was in the mid-twenties when the salons 
of the world were distinguished by the contri- 
butions of Dr. Julian Smith, Harold Cazneaux, 
and John B. Eaton. 

Interest in photography is well maintained 
by a large number of amateur photographic 
societies, these totalling more than a hundred. 
In the eastern states, three federations have been 
formed, these being respectively the Queens- 
land Photographic Council, the N.S.W. 
Photographic Council and the Victorian Asso- 
ciation of Photographic Societies. Isolated 
individual amateurs are catered for by the 
Australian Portfolio Photographic Society 
which lists about 150 members. Stereoscopic 
photography is well represented by the Stereo- 
scopic Society, Australian Section. 

Publications. Portfolios apart, there have been 
few purely photographic volumes published in 
Australia. Outstanding is Jack Cato’s monu- 
mental The Story of the Camera in Australia — 
an authoritative volume of over 200 pages 
of letterpress and seventy-six pages of illus- 
trations, published in December 1955. 

In the magazine field there are two monthly 
journals to be mentioned. The Australasian 
Photo-Review was initially published by Baker 
and Rouse in 1 894 as a journal for the advanced 
amateur and has continued in that rdle under 
Kodak auspices for some sixty-three years. 
Through the personal nature of its editorial 
policy, it has exerted an influence far greater 
than its circulation would suggest. More 
recently there is Professional Photography, 
the official organ of the professional photo- 
graphers. K.B. & V.C. 
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Austria has made a valuable contribution to 
the progress of photography, notably through 
the activities of certain photographic organiza- 
tions in Austria — some of which are almost as 
old as photography itself. Among the indivi- 
duals who are prominent for their contribu- 
tion to basic research, the names of Petzval, 
Eder, Valenta and Schinzel are particularly 
worthy of mention. 

The history of photography in Austria began 
in the year 1839, when von Ettingshausen, 
professor of Physics at Vienna University, 
returned from Paris where he had learned 
Daguerre’s process from the inventor himself. 
He passed his knowledge on to his friends, 
who formed the nucleus from which the whole 
Austrian photographic movement was later 
to evolve. 

Inventions and Discoveries. In 1840 the Viennese 
mathematician, Josef M. Petzval, computed 
his portrait lens. It has since become world 
famous, and even today its aperture of/ 3 -6 is 
noteworthy. In the same year the Viennese, 
Franz Kratochwila, succeeded in increasing the 
sensitivity of photographic plates five times by 
exposing them to bromide and chloride 
vapours, as well as the iodine vapour used by 
Daguerre. The combined effect of these im- 
provements was to reduce the long exposure 
times of 15 minutes or more to a matter of 
seconds, thus greatly facilitating portrait 
photography. Petzval’s lens was manufactured 
in Vienna by Peter Friedrich Voigtlander in 1 84 1 . 

In 1876 Josef Maria Eder (1855-1944), intro- 
duced important improvements in the collo- 
dion process. The daguerrotype had been soon 
superseded by Fox Talbot’s calotype in 1840, 
and this in its turn had given way in 1851 to 
Scott Archer’s collodion process. Eder now 
discovered that the keeping properties and 
sensitivity of collodion plates could both be 
considerably enhanced by means of the new 
cadmium double salts which he had discovered. 
The discovery was awarded a bronze medal at 
the 1878 World Exhibition in Paris. 

In collaboration with von Toth, Eder 
evolved a new method of intensifying collodion 
negatives with lead salts and potassium ferri- 
cyanide, which was published under the name 
of lead intensification. The two men also per- 
formed pioneering work on toning processes, 
in the course of which they demonstrated that 
by converting the silver image to silver ferro- 
cyanide, it was then possible to dye it in various 
colours by the use of metallic chlorides. Their 
work laid the foundations of all later toning 
processes. 

In 1880 Eder and G. Pizzighelli introduced 
an important improvement in the method of 
preparing the dry plate by their invention of 
the silver oxide ammonia method, which is 
still in use today. This method combines the 
advantages of rapid working and low ripening 


temperature, and produces vigorous, clear 
negatives. 

In the same year Eder and von Toth dis- 
covered pyrocatechin as a developing agent for 
silver bromide gelatin emulsions. Together 
with the discovery of the developing properties 
of hydroquinone by the Englishman, Abney, 
this achievement headed the long list of 
organic developers. 

In 1881, Eder and Pizzighelli invented a 
method of making positive plates and gaslight 
papers of low sensitivity with pure silver 
chloride emulsion requiring alkaline develop- 
ment. Hitherto only printing-out papers, 
using excess silver nitrate, had been known. 
Twelve years later this discovery was popu- 
larized throughout the world by the Americans 
in the form of Velox silver chloride paper. 
Eder later also introduced chlorobromide 
paper, which was first manufactured commer- 
cially in England and is today the standard 
emulsion for the warm-tone papers popularly 
used by pictorial photographers. 

In 1884 Eder discovered that erythrosin 
among the eosin group of coal-tar dyes was a 
particularly good green and yellow sensitizer. 
He thereby succeeded in making the first 
orthochromatic emulsion, the term ortho- 
chromatic itself being coined in Vienna at that 
time. Shortly after this discovery the manu- 
facture of orthochromatic erythrosin plates 
began throughout the world. 

In 1889 Professor Eduard Valenta found 
that glycin red could act as a sensitizing dye 
for the red-orange spectral region. Six years 
later, only one year after Roentgen’s discovery 
of X-rays, Valenta in collaboration with Eder 
produced a series of unique works on photo- 
graphic science entitled Rontgenphotographie, 
also an Allas Typischer Spektren (Atlas of 
Typical Spectra) and, in 1904 Beitrdge zur 
Photochemie und Spektralanalyse (Contri- 
butions to photographic chemistry and spectral 
analysis). 

In 1898 Eder read a paper to the third Inter- 
national Congress on Applied Chemistry in 
Vienna on the principles of a standard sensito- 
meter. His paper brought about the use of 
Scheiner’s Sensitometer for determining sensi- 
tometric standards. 

In 1906 Theodor Scheimpflug invented a 
device for eliminating distortion in aerial 
photographs which he called a photoperspec- 
tograph. His invention was published in a paper 
entitled Die Herslellung von Karlen und Planen 
auf pholographischem fVege (Map and Plan 
Making by Photography) which still stands as 
an exposition of the essentials of aerial photo- 
grammetry. 

In 1919 Eder and Hecht produced a new 
grey scale wedge sensitometer for determining 
emulsion speeds. This had become necessary 
owing to the constant increase in the speed of 
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photographic materials during the first World 
War. 

Among Eder’s considerable literary output 
mention must be made of his Ausfiihrliches 
Handbuch der Pholographie (Comprehensive 
Handbook of Photography), which was first 
published in 1884. Many accounts of his 
extensive work on photographic science were 
published in the Photographische Korres- 
pondenz, the organ of the Photographische 
Gesellschaft (Photographic Society). 

In 1922 the Viennese, Otto Schuloff, dis- 
covered pinaflavol as a green sensitizer, which 
led to still further improvement in ortho- 
chromatic plates. At the same time he dis- 
covered the desensitizing properties of the 
pinacryptol group of dyes. 

In the field of colour photography Dr. Karl 
Schinzel (1886-1951) in 1905 suggested a 
method of colour photography involving three 
superimposed emulsions sensitized respec- 
tively for the primary colours, blue, green and 
red and dyed in the complementary colours. 
Schinzel’s idea is the basis of integral tripack 
colour film which was to sweep the world 
thirty years later. In 1936 Schinzel published a 
series of articles on colour photography in- 
volving tripack materials and colour develop- 
ment, which examined the whole question 
from the chemical point of view. 

Josef Rheden (died 1946), an astronomer at 
the Wiener Universitatssternwarte (Vienna 
University Observatory) made a number of 
contributions to photography. Over a period 
of 25 years he took well over 2,000 photo- 
graphs of small planets, star clusters, nebulae, 
comets and the Milky Way, which aroused 
much interest among specialists. Rheden was 
one of the first to use a miniature camera for 
photographing nebulae and star clusters. His 
purpose was to obtain a reduced, point-size 
image from which to measure the brightness of 
the star by photographic means. He also worked 
on sensitometry, and by means of latensifica- 
tion succeeded for the first time in photo- 
graphing a number of very weak stars, without 
increase of exposure. Rheden’s name became 
widely known through his exposure tables 
which still retain their value today and, to- 
gether with the accompanying instructions, 
these tables can legitimately be described as 
unique. In the form of a small pocket book, the 
tables give full data for every half-hour of the 
day, for all latitudes, from sunrise to sunset 
throughout the year, and for a multitude of 
different subjects. 

Organizations and Institutions. Die Photo- 
graphische Gesellschaft (The Photographic 
Society) which was founded in 1 861 in the 
Wiener Akademie der Wissenschaften (Vienna 
Academy of Science) has played a leading part 
in guiding the progress of photography from 
the beginning. Its first president was Anton 
Martin, author of the first German language 
manual of photography (apart from Daguerre 


manuals), the Repertorium der Pholographie, 
which appeared as early as 1846. The Society 
has always been active in promoting study of 
both the theoretical and the practical aspects 
of photography. In 1864 it organized in 
Vienna the first exhibition of photographs 
to be held in German-speaking Europe, 
and innumerable exhibitions have followed 
up to the present time. Members of the 
Society have won the highest awards in 
foreign exhibitions of pictorial photography; 
and a series of grants enabled the Society to 
offer awards for distinguished services and 
achievements in photography and other closely 
related fields. It is noteworthy that the greater 
part of these awards and grants have been 
made to foreigners. 

The Society worked to obtain legal backing 
for protection of copyright in photographic 
work, and its efforts were successful at the 
turn of the last century. It also influenced 
foreign copyright legislation. 

In 1906 the Society obtained a charter from 
Emperor Francis Joseph I with the right to 
call itself the Kaiserlich-konigliche Photo- 
graphische Gesellschaft (Imperial and Royal 
Photographic Society) and to use the Austrian 
coat of arms. The Republic later confirmed 
the Society’s claim to the latter privilege. 

The Graphische Lehr- und Versuchsanstalt 
(Graphic Arts Institute) had its origin in the 
photographic department of the then exist- 
ing Hohere Staatsgewerbeschule (Higher 
State Training School), which, however, had 
more the character of a scientific research 
department. Eder therefore put forward plans 
in 1 885 for an establishment which would both 
pursue research and offer training in the pro- 
fession of photography. The Institute was duly 
opened on 1st March, 1888, on the premises of 
a former school under the leadership of Eder, 
who had meanwhile been appointed Professor 
of Chemistry at the Wiener Technische 
Hochschule (Vienna Technical College). Its 
main activities at the outset, which it has main- 
tained to this day, are professional training, 
scientific research, and the attainment of high 
technical and artistic standards. In the succeed- 
ing years a number of additional departments 
were formed, the valuable collections were in- 
creased, and the library is today recognized as 
one of the most complete collections of techni- 
cal reference books, particularly in the field of 
photography. 

The journal Photographische Korrespondenz 
(Photographic Review), founded by Ludwig 
Schrank in 1864, is the official organ both of 
the Photographische Gesellschaft and of the 
Graphische Lehr- und Versuchsanstalt. 

The Austrian Stereoskopische Gesellschaft 
(Stereoscopic Society) which meets in the 
Graphic Arts Institute, was formed in 1928 to 
encourage and promote stereoscopy, stereo 
photography and stereo projection. It is note- 
worthy that polarized light has been used for 
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projection at the Society's meetings since about 
1940. 

Research Laboratories. Austria has two research 
establishments for specialized branches of 
photography. The Mikrobiologische Station 
der Stadt Linz (Linz Microbiological Station) 
was founded in 1953 to continue the work of 
the Vienna Forschungslaboratorium fur Wis- 
senschaftliche and Angewandte Mikroskopie, 
Mikrophotographie und Mikrokinemato- 
graphie (Research Laboratory for Scientific 
and Applied Microscopy, Photomicrography 
and Kinemicrography) founded 1921. The 
Linz establishment is mainly concerned with 
photographic and cinematographic recording 
of micro-organisms and their life cycle, in 
particular by means of Schild’s method of dish 
microscopy. 

The Versuchs- und Forschungslaboratorium 
fur Infrarot-Photographie (Experimental and 
Research Laboratory for Infra-Red Photo- 
graphy) founded in Vienna in 1933 is active in 
the natural sciences and technology, and is 
mainly concerned with new applications in 
these fields. 

Industry. The principal Austrian products are 
photographic papers (two firms), plates (one 
firm) and chemicals. In addition, well-known 
sub-standard cine cameras and projectors are 
produced by two firms. Production of still 
cameras and accessories is on a smaller scale. 
Austria depends to a large extent on imports 
of apparatus and sensitive materials, particu- 
larly films, of which there is no domestic pro- 
duction. 

Professional Photography. In the early days in 
Austria, as in other countries, photographs 
were taken by persons of the most varied pro- 
fessions, so that there was no distinction be- 
tween professionals and amateurs. Similarly 
many portrait painters took up photography 
as a profession, and exercised a noticeable 
influence on the style of photographic portraits 
and even of landscape photographs. 

In the first few years studios were few in 
number, but the introduction of the negative 
process led to a rapid increase. Methods were 
improved and in 1860 the technique of nega- 
tive retouching was introduced by the photo- 
grapher Rabending and became widely prac- 
tised. Amongst prominent professionals in the 
period up to the tum of the century the follow- 
ing are worthy of mention: Ludwig Angerer, 
Viktor Angerer, Hermann Vogel, Fritz Luck- 
hardt and Perlmutter. 

In 1905 the Photographengenossenschaft 
(Photographers' Association) was formed in 
Vienna, the Reichsverband der Photogra- 
phengenossenschaften (National Union of 
Photographers’ Associations) followed in 1906, 
and in 1 908 a school for photographic appren- 
tices was opened in Vienna by the Photo- 
graphengenossenschaf t. 

Today all Austrian professional photo- 
graphers must belong to the Photographen- 
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innung (Photographers’ Guild) of the federal 
province where they practise their profession. 
All provincial guilds are affiliated to the central 
Bundesinnung (Federal Guild). These guilds 
support the economic and professional in- 
terests of their members and are also respon- 
sible for professional training. 

Amateur Photography. The first organization of 
amateur photographers to be formed in 
German-speaking territory was the Club der 
Wiener Amateurphotographen (Vienna Ama- 
teur Photographic Club) which dates from 
1887. It later changed its name to Kamera 
Klub. The Wiener Photo Club (Vienna Photo 
Club) was formed in 1897, the Club der 
Amateurphotographen (Amateur Photo- 
graphic Club) in 1903. In 1911 the Wiener 
Lichtbildner-Club (Vienna Photographic Club) 
was formed from the earlier Gesellschaft fur 
Photographische Kunst (Society for Photo- 
graphic Art). Many more clubs came into being, 
in particular a large number of photographic 
sections of the Naturfreunde (Naturalists) 
touring club, which popularized photography 
among hikers and mountain-climbers. Today 
the majority of Austrian amateur photographic 
clubs are affiliated to the Verband Osterrei- 
chischer Amateur-Photographen-Vereine (As- 
sociation of Austrian Amateur Photographic 
Clubs). In 1948 Austria became a member of 
the Federation Internationale de l’Art Photo- 
graphique (F.I.A.P.) 

Among the workers who have had an im- 
portant influence on the progress of photo- 
graphy in Austria the following are particularly 
worthy of mention: Dr. Hugo Henneberg, 
Dr. Friedrich Spitzer, Hans Watzek, Heinrich 
Kuhn, and the late Rudolf Koppitz, of the 
Graphische Lehr- und Versuchsanstalt. Kuhn 
was responsible for the special Imagon lens, 
which was manufactured by Rodenstock to his 
specification. 

Over the years many different trends have of 
course manifested themselves in Austrian 
photography. Today’s workers may be said to 
be pursuing a middle course; they are not 
exclusively wedded to modernism, nor have 
they remained rooted in the methods of the 
past. They try instead to maintain a balance 
between the traditional and the modern 
approach. 

Periodicals. Apart from the Photographische 
Korrespondenz (Photographic Review) already 
mentioned, the only professional journal is 
DerPhoto-Markt (Photographic Trade Market) 
which is the official publication of various photo 
dealer organizations and associations. It was 
first published in 1913. 

Amateurs are served by Photo-Digest, the 
official publication of the Verband Osterrei- 
chischer Amateur-Photographen-Vereine, men- 
tioned above. There is also a photographic art 
magazine which has been published since 1950 
under the title Osterreichische Photo-Zeitung 
(Austrian Photo Journal). O.H. 
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AUTOCHROME PROCESS. Early com- 
mercial screen plate process of colour photo- 
graphy in which the screen was formed by 
coating a mixture of starch grains dyed in the 
primary colours on to a glass plate. A pan- 
chromatic emulsion layer was exposed and, 
after reversal development, viewed through the 
same screen. The advantage of a separate screen 
was that copies could be easily made. 

AUTOMATIC FOCUSING. Term generally 
applied to focusing devices incorporated in 
cameras by which the act of sighting the sub- 
ject through a rangefinder automatically 
brings the lens into focus on the subject. On 
enlargers it means that the lens is automatically 
kept focused on the easel while the head of the 
enlarger is raised or lowered. True automatic 
focusing is the means by which an independent 
mechanism keeps the lens focused on a given 
subject. 

See also: Focusing ( automatic ). 

AUTO-RADIOGRAPH. X-ray photograph 
produced by radiations from absorbed or 
injected radio-active material, e.g., in parts of 
the human body or plants. 

AUXILIARY LENS. Simple lens placed in 
front of the camera lens to change its focal 
length. Usually called a supplementary lens. 

AVAILABLE LIGHT. Loosely applied term in- 
tended to describe photography in poor lighting 
conditions without supplementary illumination. 

AWARDS. Most national photographic 
societies and associated organizations make 
awards for merit in their various fields of 
activity — in addition to the traditional medals 
for exhibition successes. These awards may take 
the form of medals, cash, or kind and are pro- 
vided either out of the Society’s funds or from 
the interest on money bequeathed for the 
purpose. The list of awards below is a selection 
of most of the more important ones. 

America. The following are the principal photo- 
graphic awards made in America by the leading 
societies. 

Principal awards made by the Photographic 
Society of America include : 

Progress Medal: bronze medal awarded 
annually, if a suitable nominee is forthcoming, 
for an outstanding contribution to photo- 
graphy or an allied subject. 

P.S.A. Service Medal: awarded for the en- 
couragement of work for the Society and 
photography. 

Journal Award: awarded for the best scien- 
tific or technical paper published originally in 
an official publication of the P.S.A. 

Awards made by the Society of Motion Pic- 


ture and Television Engineers include: 

Progress Medal: gold medal awarded annu- 
ally, if a suitable nominee is forthcoming, in 
recognition of a significant contribution to the 
advance and development of motion picture 
technology. 

Samuel L. Warner Memorial Award: made 
for outstanding contributions in the field of 
recorded sound on motion picture films. 

Herbert T. Kalmus Award : gold medal for 
major contributions to the scientific progress of 
colourin motion pictures. 

David SamofT Medal: gold medal awarded 
for an outstanding technical contribution in 
the field of television. 

Journal Award: awarded for the most out- 
standing paper originally published in the 
Journal of the Society the preceding year. 

The Society of Photographic Engineers 
makes the following award : 

Progress Award: silver medal awarded for 
achievements in the advancement of the science 
of photography. 

The National Press Photographers Associa- 
tion makes the following awards : 

Joseph A. Sprague Memorial Award: bronze 
plaque and scroll and up to three gold rings 
presented in the course of a year to outstanding 
press photographers. 

The Photographers’ Association of America 
makes the following award: 

George Harris Award: sculptured medal 
presented annually to the professional photo- 
grapher who has achieved most for his pro- 
fession during the preceding year. 

Specialized awards are also made by the 
American Society of Photogrammetry and the 
Biological Photographic Association, while a 
number of other organizations also grant 
honours or degrees. 

Austria. The Wiener Photographische Gesell- 
schaft (Photographic Society of Vienna) makes 
the following awards : 

Society Medals: gold, silver and bronze 
medals awarded to suitable persons of any 
nationality for special services to, or achieve- 
ments in, scientific and applied photography. 

Voigtlander Medals: gold, silver and bronze 
medals awarded as above. 

Society Diploma: awarded for photographic 
achievements and services irrespective of 
membership or of nationality. 

Britain. In Great Britain the principal awards 
are made by the Royal Photographic Society : 

Progress Medal: silver medal awarded 
annually, if a suitable candidate can be found, 
for some important contribution to the ad- 
vancement of photography. It is one of the 
oldest and best-known photographic awards 
in the world. 

Henderson Award: bronze medal and 
approximately £4 10s. in cash awarded annu- 
ally for the best paper read or published on a 
photochemical subject. 

Hood Medal: bronze plaque awarded 
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annually for meritorious performance in some 
branch of photography. 

Newman Memorial Award: bronze plaque 
awarded in conjunction with the British {Cine- 
matograph Society. Four plaques are awarded 
for outstanding work in cinematography. 

Memorial Lecture Awards: medals, to- 
gether with an honorarium, in each case 
awarded for lectures commissioned specially 
by the Lectures Committee. There are three: 
the Renwick (annually), Hurter and Driffield 
(bi-annually), and Trail Taylor (bi-annually). 

Olaf Bloch Memorial Award : prize of books 
to the value of £10 awarded annually in con- 
junction with the Institute of British Photo- 
graphers f or the best essay on a set subject. 

Williamson Research Award: grant in cash 
or kind awarded annually for research directed 
to the solution of one or more technical pro- 
blems connected with photography. 

France. The following awards are made by the 
Socitte Franfaise de Photographie (Photo- 
graphicSociety of France) : 

Davanne Medal: bronze medal awarded 
annually for any notable improvement in 
photography. 

Janssen Medal: bronze medal awarded 


every other year for some outstanding service 
to photography. 

Peligot Medal: bronze medal awarded as 
with the Janssen Medal every other year. 
Germany. The following award is made by the 
Gesellschaft Deutscher Lichtbildner (Society of 
German Photographers): 

David Octavius Hill Medal: gold medal 
awarded from time to time to outstanding per- 
sonalities of any nationality who have con- 
tributed notably to progress in photographic 
research, manufacture or practice. 

The Deutsche Kinotechnische Gesellschaft 
(German Cine Technical Society) make one 
important cine award: 

OskarMesster Medal: bronze medal awarded 
for outstanding contributions to cinemato- 
graphy. 

Sweden. Scholarships are awarded by the 
Sweden-America Foundation for study in the 
United States; by the Swedish Photographers’ 
Association; and by the Stockholm municipal 
authorities. In addition there is the following: 

Svenska Dagbladet Award : gold medal and 
money prize for the year’s best photography. 
It is presented annually by, and named after, 
Sweden’s leading newspaper. 


58 




BABIES. To the parents, the pictures of a baby 
provide a permanent record of the child’s 
development. In the first few months babies 
are changing almost daily, and the camera 
is the only way of capturing the fleeting phases. 
Technique. From the photographer’s point of 
view, the main problem of baby photography 
is the smallness of the subject. The bodies of 
very young babies are unattractive, so the 
camera must confine itself to the facial features 
and expression. This means either getting 
close, or using a long focus lens, according to 
the type of camera. If the camera cannot be 
focused for close-ups, the difficulty can be 
overcome by using a supplementary lens. 

Working close to the subject means that the 
photographer must avoid parallax errors unless 
he is using a single lens reflex camera or one 
with automatic parallax compensation. Then 
the closer the subject, the shallower the depth 
of field, so that it becomes more difficult — 
and more important — to focus accurately. A 
miniature camera will give the required depth of 
field at quite wide apertures, but with the 
popular roll film types it will be necessary to 
stop down to as little as /II. With such small 
apertures, the correct exposure is often too 
long to arrest movement unless the fastest 
available panchromatic film is used. The 
minimum exposure for small babies, unless 
they are asleep, is l/50th second, and shorter 
still for bigger — and livelier — children. 

Perspective distortion is also apt to be a 
nuisance at short distances, and the baby’s 
arms and legs must not be allowed to point 
towards the camera. The baby’s eyes are always 
the best points to focus on — whatever else is 
blurred, the eyes must be sharp. 

Subject. As a baby cannot understand what the 
photographer wants, it cannot be expected to 
co-operate, nor can it be threatened or forced. 
The only answer is to be patient until the right 
moment comes naturally. In any case the baby’s 
mother or someone responsible must always 
be present. Even if the photographer is on the 


best of terms with his subject, he will be much 
too occupied in taking the photograph to act 
if the baby is in danger of rolling off the table 
or hurting itself in any other way. 

Babies live according to a very strict routine 
and if it is upset, it makes them unhappy. Also, 
small babies tire quickly and sessions must be 
very brief. So the work must go quickly and 
smoothly. Everything possible must be pre- 
pared before the baby is brought into the room. 
Lights and background should be set up, 
camera loaded, exposure measured. This 
leaves the photographer free to watch for the 
right expression. When it comes, it never lasts 



BABIES INDOORS. For indoor daylight shots, the window should 
be (o one side of or even somewhat behind, the baby. Use a 
reflector Co light the shadow side. 

more than a fleeting second, and a last-minute 
change in lighting arrangements or exposure 
may mean missing a brilliant picture. 

Lighting. For indoor pictures, two Photofloods 
on the subject are sufficient for most occasions, 
and as they give off a good deal of heat, the 
baby must be dressed lightly or not at all. It is 
a good plan to light the background separately, 
choosing a plain wall or other neutral surface 
for the purpose. 

Flashlight can be a most convenient means 
of photographing baby. Even the small bulbs, 
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BABIES BY ARTIFICIAL LIGHT. The main light shines down on 
the baby, a fill-in lamp near the camera lights up t/ie shadows, 
and a third lamp illuminates the background. 

or the smaller electronic sets, are powerful 
enough to permit the use of a small stop. This 
will give the necessary depth of field at close 
distances. The general principles of lighting 
apply to flash too, i.e., to obtain any modelling 
in the subject, do not use the light source close 
to the camera. As the camera and flash will be 
rather close to the baby it will often be sufficient 
to put the flashlight at a distance of one foot 
from the lens. This distance should be in- 
creased when taking the picture from farther 
away. 

With one bulb only, put the baby near the 
background so that this will also get some of 
the light. A second flash put behind the baby 
and directed on the background can be very 
effective. 

Flash bulbs are usually coated with a safety 
lacquer, but there is a very slight chance that 
they might explode on firing. Always have a 
safety screen in front of the bulb when photo- 
graphing babies. 

Good pictures may also be taken near or in a 
window by daylight or in sunshine. In this 
case, since there are no clouds to act as reflec- 
tors and light up the shadows, a white sheet or 
card should be held up as a reflector just clear 
of the picture area to soften the contrast. 

When taking pictures out of doors, side — or 
even back — light gives the best modelling. 
Here, too, a reflector will improve the picture 
greatly. The baby’s eyes will take more kindly 



BABIES OUTDOORS. Keep the sun to one side or behind the 
baby to prevent the infant from screwing up its eyes. Use a 
reflector to provide fill-in light in the shadows. 


to the light from the reflector than to direct 
sunlight and will look larger and more expres- 
sive in consequence. 

The First Weeks. Most of the routine of the 
baby’s day will make good pictures. The first 
few weeks are mostly spent in sleeping and 
feeding, and the baby can be photographed 
asleep, or in the arms of its mother. The periods 
of wakefulness at this age are short, so the 
photographer must work fast. The baby’s body 
does not photograph well in the early weeks, 
and bathing pictures are best left until later, or 
at least taken only for record purposes. 

The Third Month. In the third month the first 
really lively pictures become possible. The 
baby uses its hands much more; it discovers 
things by touch, plays with its fingers or the 
blanket, and smiles when talked to. Best of all 
for the photographer, it begins to raise its 
head when laid face down. This pose must not 
be overdone, however, and care must be taken 
to see that the baby’s arms are tucked under 
its chest to support it. 

The Fourth Month. As the baby gets older the 
possibilities for pictures multiply. At four 
months it can hold up its head without diffi- 
culty when lying face down; it reaches for 
toys, and reacts to faint sounds. By this time it 
looks attractive without its clothes, and since 
it loves playing in the bath, that is the place 
to photograph it at its best. A high viewpoint — 
e.g., standing on a chair by the bath — will give 
the photographer the best shots, but he must 
work quickly and have everything ready as the 
time is strictly limited. 

The Fifth Month. At this age the baby begins to 
hold and chew things — a rusk or a bit of 
banana — and it will hold other objects in its 
hand. It can now be propped against cushions 
and photographed, and there is ample scope 
for similar pictures on the floor, and in the 
pram or playpen. 

Later. From eight months the baby begins to 
crawl and must be kept still by giving it a 
toy to occupy its attention, or have its move- 
ments restricted in some way — e.g., by sitting 
it in a high chair. After eleven months it begins 
to feed itself and may be photographed holding 
a cup or spoon. There are many possibilities 
here, but messy foods like chocolate or spinach 
should be reserved for special effects. 

From this date its development makes rapid 
progress, and the opportunities for making 
pictures increase as it leams first to kneel, 
then to stand, and finally to toddle. There are 
endless pictures to be made of its playful 
moments, its moods, and the regular events of 
its daily life, and the more automatic the 
photographer can make his technique, the 
more of the really significant instants he will 
be free to observe and capture. W.S. 

Sec also : Children; Portraiture at home. 

Books: All About Taking Baby by W. Suschitzky 
(London); Photographing Children , by W. Suschitzky 
(London). 
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BACK FOCUS. Actual distance that separates 
the vertex of the back surface of the lens and the 
film when the lens is focused on infinity. 

BACKGROUND. The background is as much 
a part of the photograph as the subject, and 
it should be selected and handled with the 
same care. Some photographs have no back- 
ground— e.g., a landscape or part of a subject 
taken close up — but a great number consist 
of a single object or a group of objects seen 
against a background — e.g., portraits, figure 
studies and articles of all sorts. In all such 
cases the background must be thought about; 
it is easy to ignore or forget about it when 
making the exposure but it is impossible to 
overlook it in the print. 

Generally speaking, the background should 
be unobtrusive — i.e., even in tone, without any 
sharp contrasts and softly defined or even 
blurred. It should be either lighter or darker 
than the parts of the subject against which it 
is viewed. The background of the finished print 
may consist of; the normal setting of the sub- 
ject (as with most fixed subjects), a natural or 
an artificial background deliberately chosen by 
the photographer. 

The Normal Setting. The background of a 
fixed subject — like a tree, a statue, or a build- 
ing — is to some extent beyond the control of 
the photographer. At the same time much can 
be done to change the way the background 
appears in the final print. 

(1) Suitably placed artificial lighting can be 
used to give the subject a darker or lighter 
background indoors (and even sometimes 

► out of doors with flash). Out of doors the same 
thing may be possible by choosing a time of 
day when the sun is on either the subject or the 
background according to the tone contrast 
sought. 

(2) By using a wide aperture and taking the 
camera up to the subject, the background can 
be thrown out of focus so that the subject 

j stands out sharply by contrast. 

(3) By shooting from a higher or lower view- 
point it is often possible to show the subject 
against a less “busy” background than by 
shooting at eye level. 

(4) The background of a moving subject may 
be blurred while the subject remains sharp by 
swinging the camera as the exposure is made. 

(5) Where the subject and background ire of 
different colours, the tones can be separated by 
using a suitable contrast filter which deepens 
the tone of one and lightens the other. 

(6) Where it is not practicable to appk any 
of the above expedients, an unsuitable back- 
ground can always be dealt with by blocking 
out the background on the negative and substi- 
tuting a new one by combination printiig or 
retouching. 

Natural Backgrounds. The sky, the sea, )rassy 
banks, and stretches of sand are good nitural 
backgrounds for outdoor pictures of pople, 



BACKGROUND AND VIEWPOINT. A hiih camera angle 
emphasizes the background at the expense of the subject. A 
low-angle makes the subject stand out (often against the sky). 

animals, birds, and isolated landscape features, 
e.g., rocks, trees, motor cars, etc. All these 
backgrounds have the advantage of being 
fairly uniform in tone and texture, and the 
subject can generally be placed against them 
either by posing or, with fixed objects, by a 
suitable choice of viewpoint. 

Masses of foliage and hedges are apt to be 
covered with distracting white spots in the 
print. This is because glossy leaf surfaces 
reflect spots of light, and the sun or the sky 
light often filters through in patches from 
behind. 

Brick walls make suitable backgrounds for 
figure studies so long as they are far enough 
away from the subject to be thrown out of 
focus. The bricks take on a vague general 
texture that is not distracting. But the lighting 
on the wall and the subject should not be the 
same, and the wall should have no odd fea- 
tures. A broken brick or a patch of discolora- 
tion will pull the observer’s attention away 
from any subject. 

When the sky is used as a background for a 
portrait, the relative tones need careful han- 
dling. If the subject’s face is sunburned, then 
the yellow filter that darkens the blue of the 
sky will lighten the sun tan. On the other hand, 
if the exposure is made without a filter, the 
tanned complexion will look unnaturally 
dark against a too-pale sky. 



BACKGROUND TONE. A subject will stand out against a 
lighter or darker background, but tends to merge into sur- 
roundings of the same or reasonably similar tone. 


B.-C 
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The solution varies with the relative tones of 
skin and sky and with the photographer’s 
intention. Generally a green filter used with a 
pan film will give a natural rendering of tone 
values so long as the exposure is correct. 
Artificial Backgrounds. The simplest artificial 
background is a length of cloth — a sheet, a 
roller blind, a curtain or even a carpet — hung 
from a rod or picture rail. As long as the 
material is stretched taut, this type of back- 
ground will serve fairly well, but it is not ideal. 
Creases and folds can never be completely 
smoothed out, and they usually reproduce with 
a clarity out of all proportion to their im- 
portance. 

For regular use it is better to use a rigid 
background of wall-board or plywood fastened 
to a frame, or failing that, a sheet of fabric 
stretched tightly across a rigid frame. A back- 
ground of this type is known as a flat and is a 
standard item in the equipment of the com- 
mercial studio. 



BACKGROUND SHARPNESS. The subject lends to tel lost in a 
sharp background, but will be set off by an unsharp (e.£ n 
out-of -focus) one. This may be achieved by differential focusing. 

Backgrounds of this type can be made big 
enough for portraiture, but in larger sizes they 
are cumbersome. The most convenient large 
background is either a plain distempered wall, 
or a sized and painted sheet nailed on to two 
battens and rolled up when not in use. 

An advantage of the rigid background is 
that it can be turned or tilted in relation to the 
light so that it appears either darker or lighter 
than the subject. 

Background Lighting Effects. Where possible, 
artificial backgrounds are coloured white or 
silver on one side and a neutral tint on the 
other. The light side is used for building up 
special background lighting effects. 

By projecting controlled light on to the white 
side of the flat, it is possible to vary the tone 
of the background to blend or contrast with 
the tones of the subject, e.g., the face of the 
sitter may be contrasted against a dark area 
while the dark mass of the hair stands out 
against a light area. 

By lighting the background with a spotlight 
and interposing suitable shapes in the beam, 
an abstract shadow pattern, or a suggestion of 


an actual sene can be created on the .back- 
ground to lend atmosphere to the subject. 
Artificial background effects created in this 
way are particularly appropriate for portraiture 
ana nude studies. 

Projected Backgrounds. Any desired scene 
which is available as a slide or transparency 
can be added by back projection on to a pro- 
jection screen hung behind the subject. This 
is a favourite device of the motion picture 
studio but it is also used by commercial studios. 
It enables a model, photographed in the 
studio, to be shown in any desired surround- 
ings — e.g., in mountain scenery, on board 
ship, or on the seashore — for a fraction of the 
trouble and expense of a trip to the actual 
scene. 

With projected backgrounds, the subject 
lighting must be arranged so that it does not 
fall on the projection screen or it obliterates 
the background picture. It is also important 
for the direction and angle of the light on the 
subject to correspond with that in the pro- 
jected scene. 

Backgrounds are apt to call for more atten- 
tion from the miniature camera worker than 
from users of larger types. This is because the 
greater depth of field of the miniature lens 
brings the background into sharp focus when 
the larger camera would blur it out of recogni- 
tion. F.P. 

Sec also : Back projection. 

BACK PROJECTION. Projection of a picture 
on to the back of a translucent screen instead of 
on to the front of a reflecting one. This has the 
advantage that the projection apparatus may 
be behind the screen and therefore completely 
hidden and out of the way of the audience. 

The method has been used for many years 
for showing slides and films in shop window 
displays, on exhibition stands, etc.; but it is 
finding increasing favour for home projection. 
It is also used to provide realistic background 
scenes for Plays in television studios, as well 
as in commercial photography, where the 
model may be photographed in the required 
setting without incurring the expense of going 
on location. 

To economize on space behind the screen a 
short focus projector lens is normally used to 
keep the s;reen-to-projector distance to a 
minimum. A 45° mirror is necessary to reverse 
the picture from left to right, so that this 
introduces 'urther economy since the pro- 
jector is se U p parallel to the screen; the 
beam is deflated on to the screen by the mirror 
and the spa<e behind the screen requires to be 
only deep enough to accommodate this. Further 
mirrors can be used to zig-zag the beam and 
save even mtre space. 

The scree) may be thin fabric or matt sur- 
faced glass <r plastic. The modem black nylon 
screen is th; most efficient since the picture 
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BACK PROJECTION SET-UP. The projector Is arranged behind 
a translucent screen while the audience (or a studio set-up 
requiring a projected background) is in front. If space Is 
limited, the projection beam can be reflected an to the screen 
with one or more mirrors arranged at suitable angles. 

brilliance is not affected by light falling upon it. 
This is essential in television and photographic 
studios where the bright floodlights would 
otherwise kill the background picture, and in 
the home it enables slides and films to be en- 
joyed in full room lighting. Daylight screens 
of this type, used for back projection, are also 
employed in visual aid education. H.H. 

BACKING. Special coating of dye, pigment, or 
paper applied to the back of the support of a 
plate or film to reduce halation. 

See also: Anti-halo protection. 

BACKLIGHTING. Lighting projected on to 
the subject from behind to produce a light 
fringe or halo so that the subject stands out 
distinctly from a darker background. It is 
also used to add sheen to hair and accent its 
soft texture. 

As a lighting effect, the results can be very 
pictorial. But extra care in estimating the 
correct exposure is necessary. 

See also: Against the light. 

BACON, ROGER, 1214-94, English alchemist 
and friar. Knew of and could have invented the 
camera obscura. A successful pioneer in 
experimental physics, was familiar with convex 
lenses and made a telescope. Explained the 
rainbow, perspective, and tides. 

BAEKELAND, LEO HENDRIK, 1863-1944. 
American chemist (of Belgian descent). Invented 
the Bakelite plastic. Investigated silver chloride 
developable emulsions and produced the un- 
washed emulsion that gave the Velox paper and 
revolutionized the production of printing 
papers (1893). It is said that this discovery was 
anticipated by Eder and Pizzighelli. Biography 
by A. R. Mathis (Brussels, 1948). 


BAIRD, JOHN LOGIE, 1888-1946, Scottish 
inventor. Best-known pioneer of television in 
Britain. Commenced experiments in 1923, gave 
his first public demonstration in 1925. (B.B.C. 
took over general transmission in August, 
1932.) 

BAIT. Pieces of food of a suitable nature placed 
to lure wild creatures into range of the camera; 
often fastened to a mechanical or electrical 
shutter release or synchronized flash so that the 
animal takes its own photograph. 

BALANCE. The disposition of the various 
units making up a picture. When the size, 
lighting and position of the parts of the subject 
on one side of the picture are in a pleasing 
relation to those on the other, the picture is 
said to possess balance. 

See also: Composition. 

BALANCES AND SCALES. Balances and 
scales in photography are used for weighing 
out chemicals when making up processing 
solutions. 

Two types of balance are commonly used in 
photography: the spring balance and the 
chemical balance. 

A spring balance consists of a weighing pan 
suspended from a spring associated with a 
scale and pointer so that a weight placed in the 
pan moves the pointer along the scale. The 
pointer indicates the weight directly on the 
scale. Such balances usually incorporate a 
zero adjustment. They are not very accurate 
for small quantities but are good enough for 
weighing down to about £ oz. A convenient 
size for the photographer would weigh up to 
1 lb. 

Modem rough balances weighing down to 
1 gram use the displacement of a weighted 
arm, similar to old-fashioned letterweights. 

A chemical balance has two weighing pans 
suspended from a beam balanced on agate or 
knife edges. The whole balance either hangs 
from a hook, or is supported on a pillar. When 
weighing, the beam should swing to and fro 
during observation; when the pointer attached 
to it swings evenly in both directions, the two 
sides are accurately balanced. The accuracy of 
this type of balance is very high, especially 
with the laboratory type which is enclosed in a 
glass case to shut out air currents. Such 
balances can weigh accurately to 0 00001 gram. 
For photographic work, however, an accuracy 
of 0-01 gram is perfectly adequate; even an 
accuracy of 0-1 gram is often sufficient. 

A set of scales has two weighing pans, 
mounted above a beam supported on knife 
edges. The material to be weighed is placed 
in one pan (generally a scoop or tray which 
can be lifted off), and has to be balanced by 
standard weights which are placed in the other 
pan. Often a small movable weight is mounted 
on the beam itself and slides along a graduated 
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TYPES OF BALANCE. Top: Normal pair of scales mounted 
above a beam supported on knife edges. The parallelogram 
arrangement keeps the pans vertical. Centre: Hanging scales, 
with pans below the beam. The whole balance may be hung 
from a nail, or in the case of a chemical precision balance, 
fixed to a vertical pillar. In both instances the requisite weights 
go Into one pan, the matter to be weighed out into the other . 
Bottom: Counterweight balance reading directly on a cali- 
brated scale. The counter weight may be adjustable . 

scale; this serves for weighing very small 
quantities. Scales can be made to measure small 
quantities accurately, but as the principle lends 
itself to a sturdy construction they are more 
often used for weights up to 14 lbs. with an 
accuracy of i to 1 oz. 

Weighing with a Balance. For accurate 
weighing the pans and weights must be kept 
scrupulously clean. Chemicals must always be 
weighed on watch-glasses or at least on pieces 
of paper and not allowed to come into contact 
with the pans. The weight of the watch glass 
or paper is counterbalanced by a similar weight 
in the second pan. 

Chemicals are always added or removed 
with a small spoon or something similar; they 
are never poured straight from the bottle or tin 
because a sudden rush of fine powder— e.g., 
amidol or metol — out of the bottle could 
swamp the pan and be difficult to clean up. 
For the same reason the pan should never be 
filled to capacity; it is safer to weight out 
large quantities in several lots. 

Weights are usually housed in a small 
wooden box, with a pair of tweezers for 
handling. The smaller weights are best handled 
with the tweezers, so as not to soil them and 
so upset the accuracy. 

Systems of Weights. Two systems of weights 
are in common use in Britain and the U.S.A. : 
avoirdupois and metric. Most photographic 
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formulae give quantities in both systems, but 
the metric is more convenient, as it is easier to 
scale quantities down or up in the metric 
system than in avoirdupois. 

A set of avoirdupois weights may consist of 
the following units: 4 ounces, two weights of 
2 ounces, 1 ounce, i ounce, i ounce, 60 grains, 
40 grains, 30 grains, two of 20 grains, 10 grains, 
5 grains, two of 2 grains, and 1 grain. This 
range covers anything from 1 grain to 10 
ounces. 

The most practical metric set may comprise: 
100 grams, 50 grams, two of 20 grams, 10 
grams, 5 grams, two of 2 grams, 1 gram, 0-5 
gram, two of 0'2 gram, 0-1 gram, and 0 05 
gram. This will weigh anything from 0 05 to 
over 200 grams. Specially accurate weights will 
go down to 0 005 gram, but these are hardly 
necessary in photography. 

Coins as Weights. If no proper weights are 
available, British coins can be used as weights 
as follows: 


Five shillingsworth of silver 
coins of any value 
Half-crown 
Two-shilling piece 
Shilling 
Sixpence 
Silver threepence 
Three pennies or Five half- 
pennies 
Penny 
Halfpenny 


— I oz. 

= 218 grains 
= 175 grains 
= 88 grains 

= 44 grains 
= 22 grains 

= I oz. 

= 145 grains 
= 88 grains 


In some cases the coins of other countries 
are similarly related. L.A.M. 


See also: Chemicals; Solutions; Weights and measures. 


BALL AND SOCKET HEAD. Universal type 
of camera mounting made to screw on the top 
of a tripod. 

See also: Camera supports. 

BALLISTIC PHOTOGRAPHY. The photo- 
graphic study of projectiles. It was originally 
practised by photographing moving bullets 
and shells in silhouette against the light of an 
electric spark. 

The result was not a photograph in the 
generally accepted sense of the word (i.e., 
formed by a lens) but a record of the shadow 
of the projectile on the sensitized material. 
The short duration of the spark and its rela- 
tively great distance from the projectile and 
the sensitized material combined to give a 
sharp image. 

A similar technique is used today for the 
same purpose except that an electronic flash 
tube takes the place of the old open spark 
between metal electrodes. Photographs made 
in this way show the projectile as a sharp-edged 
black silhouette and may also show the pres- 
sure waves set up in the air by the passage of the 
projectile — (like the bow wave of a ship). This 
phenomenon, known as the schlieren (German 
for streaks) effect, is caused by the change in 
the refractive index of the air along the pressure 
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wave and the consequent distortion of the 
rays of light before they reach the sensitized 
material. The number, shape and disposition 
of the waves provide an indication of the air 
resistance and stability of the projectile and so 
are important in designing for range and 
accuracy. 

Nowadays the increased light provided by 
electronic flash tubes permits true photographs 
of projectiles in flight. The camera is simply 
focused on the predicted path of the shell or 
bullet and the flash is timed to occur at the 
required point in the field covered by the lens. 
This can be achieved by having the projectile 
make contact with a pair of wires and close 
the triggering circuit, or by making it operate a 
photo-electric switching device. 

An extension of this idea is used for record- 
ing a series of photographs of the projectile on 
a single plate. In this case a stroboscopic elec- 
tronic flash tube is arranged to fire intermit- 
tently so that the subject is illuminated several 
times as it passes across the picture area. Each 
flash records a separate image on the plate, 
and the frequency of the flash is adjusted so 
that the projectile travels more than its own 
length between each flash. This ensures that the 
successive images will not overlap. 

The same principle is applied to motion 
pictures of projectiles in flight. For this type of 
picture the plate is replaced by a length of film 
carried on a rotating drum. As the projectile 
travels across the field of the lens, the successive 
flashes record separate images along the length 
of the film. No shutter is required because the 
duration of each flash is too short to show 
movement of either film or projectile. 

This method allows the use of high flash 
frequencies which would otherwise produce 
overlapping images. It is also useful for filming 
the impact of a projectile with a solid surface. 
The film can be projected by a reversal of the 
method — i.e., a high-powered strobe flash is 
used as the light source and timed to flash as 
each successive image on the rotating film 
passes in front of the picture aperture. Exact 
synchronism of the flash with the image is 
achieved by photographing a synchronizing 
spot on the edge of the film and using it to 
trigger the strobe flash through a photo-, 
electric switch. F.P 

See also: High speed cinematography; High speed 

photography; Schlleren photography; Spark photography; 
Stroboscopic flash. 

BALLOONS AND KITES. Most photographs 
that have to be taken from the air are best 
taken from an aeroplane, but there are occa- 
sions when it is more convenient to take them 
from a kite or captive balloon. 

Nadar was one of the earliest photographers 
to work from a balloon, but all his pictures 
were taken from a moving free balloon. Since 
the course of the balloon cannot be predicted 
accurately, and it is not possible to repeat a 


run over the picture area, there is little point in 
such photography to-day. (The exception is 
the automatic photography of the earth from a 
stratosphere balloon from altitudes which 
cannot be reached by an aeroplane.) But a 
captive balloon or kite offers a vantage point 
that can be controlled within reasonable 
limits both in position and altitude. 

Kites. The pioneer of this field of aerial photo- 
graphy was a Frenchman, A. Batut, who took 
photographs of the ground with a camera 
attached to a kite. The exposure was timed by 
lighting a slow-buming fuse which released a 
stretched rubber band attached to the shutter 
control after the kite had reached the desired 
height. 

At the beginning of the century, American 
meteorological observatories were using clock- 
work operated cameras, suspended below kites, 
for cloud photography. 

The most stable kite for this type of photo- 
graphy is the Cody kite — a box-form kite 
divided into cells and made of reinforced silk, 
nylon or cotton panels stretched between 
bamboo spars. Any weight of equipment can 
be lifted by simply adding kites, one below the 
other on the same cable. 

The photographic equipment is never 
attached directly to the first kite. This kite 
always acts as a pilot. It is launched first and 
when it is flying well clear of the ground — at 
least 1 50 to 200 feet — the next kite is attached. 
If the pilot kite will give all the lift required, 
the camera cradle is attached to the cable. The 
camera cradle is a small waterproof box with a 
window in the bottom through which the 
photographs are taken. The box is fitted with 
air stabilizing fins and a small drag parachute 
to prevent it from yawing and to keep it stand- 
ing clear of the cable. 

The camera with its clockwork automatic 
release and rewind mechanism is not loaded 
into the cradle until there is plenty of steady 
tension to ensure that it will be carried clear of 
the ground as soon as the cable is paid out. 

Equipment of this type must be flown from a 
mobile power-operated winch — generally 

mounted on the back of a truck — because the 



CAMERA KITE. The camera unit it supported from the main 
cable holding the kite from the winch, and steadied by stabiliz- 
ing fins and a small drag parachute. 
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cable tension may be several hundredweights. 
An amateur set-up is not difficult to contrive 
with two ordinary box kites flown one above 
the other to give stability, and a miniature 
camera. The timed release is easy to arrange 
with either an alarm clock mechanism or the 
stretched rubber band and fuse mentioned 
above. In this case only one exposure can be 
made per flight. 

But kites are not an ideal form of suspension 
for delicate photographic equipment. They are 
apt to yaw violently from side to side, or fall 
to the ground when the wind drops. 

Balloons. A much more satisfactory method is 
to fly the camera from a balloon on a still day. 
This was the method adopted in the American 
Civil War, the South African War and in 
World War I. In these wars the photographs 
were taken by observers from captive observa- 
tion balloons. This function has now been 
taken over by the highly developed air force 
reconnaissance units. 

Where photographs are to be taken from a 
balloon, it is no longer necessary to use a man- 
carrying type. The cost can be cut to a fraction 
by using a balloon just big enough to raise the 
camera and the required length of cable. If the 
pictures have to be taken on days when the 
wind is more than about 5 m.p.h. spherical 
balloons are useless and a properly stabilized 
balloon flown from a winch must be used. 

By operating only when the wind is light it 
is possible to get good pictures using one or 
more spherical rubber balloons like the type 
used in meteorological offices. If the balloon is 
filled with ordinary coal gas from the domestic 
supply, every 1,000 cubic feet will lift roughly 
50 pounds of gear, including the weight of the 
envelope and flying wire or cord. 

The camera with its release gear is housed 
in a box as for kite photography (above) and 
the box is fitted with an aerodynamic stabilizer 
and a small drag parachute or drogue. This 
unit is attached to a suspension wire or cord 
long enough to let the balloon be flown well 
clear of the ground before it is added. 

When the unit leaves the ground, the slight 
wind drag on the drogue swings it away from 
the flying wire so that the wire does not appear 
in the picture. 

Camera. A camera with a normal angle lens 
will cover a square of ground approximately 
70 x 70 feet when looking down from an 
altitude of 100 feet. The area covered at any 
other height is given by 

Side of Square Covered 
= Height of Camera from Ground x -706 

In aerial photography from kites or bal- 
loons, the camera should be at least 50 f eet from 
the ground to keep it out of the worst of the 
ground wind eddies. The air is always turbulent 
in the lee of trees and tall buildings. 

The shutter speed for such photographs 
should be at least 1/100 second to allow for the 
constant movement of the camera. 


When taking single shots, it saves time to 
make the shutter release gear operate a visible 
indicator, e.g., make it unroll an orange- 
coloured streamer. This provides a warning 
that the exposure has been made and that it is 
time to haul down and reset the mechanism. 

From all points of view, short of using a 
specially designed camera, a 35 mm. precision 
miniature is the best camera for this work; it is 
small, light, and easy to couple to an automatic 
exposure mechanism. 

Negative Material. Medium speed panchro- 
matic plates or films generally give the best 
results ; they allow for enlargement of sections 
of the negative without unpleasant graininess. 
A pale yellow filter counteracts any ground 
haze and brightens up the tones of grass and 
foliage. 

Uses. This photographic technique — with 
balloons especially — is particularly suitable for 
such enterprises as archaeological expeditions, 
site excavation, and prospecting; the equip- 
ment is cheap and self-contained and it is 
capable of yielding detailed plan views of 
relatively small areas of terrain without the 
difficulty or expense that would be involved in 
commissioning an aircraft. F.P. 

See also : Aerial survey. 

BANQUETS. The work of the professional 
photographer at banquets, dinners and similar 
functions falls into two main headings; he may 
be called upon to take formal groups showing 
all the assembled diners, as well as a series of 
informal, intimate close-ups of individual 
parties seated at their tables. 

The formal group, properly taken, can make 
a very impressive picture. It is not a difficult 
photograph to take provided that the correct 
technique is adopted and full use made of the 
normal room lighting. The exposure is always 
based on a brief time exposure of a duration 
of 1-5 seconds, according to the intensity of 
the lighting. This basic exposure is usually 
supplemented by exposing a flash bulb of 
medium power to add brilliance to the fore- 
ground. 

If the photographer ignored the natural 
lighting and made use only of a high-intensity 
flash he would produce a negative that would 
be almost unprintable. The picture would be 
grossly over-exposed in the foreground, and 
the far distance would be just as seriously 
under-exposed. 

Professional photographers normally use 
half-plate or whole-plate cameras for this work 
in conjunction with short-focus or even wide- 
angle lenses. There are obvious disadvantages 
in making use of such lenses for there is always 
some distortion at the edges of the picture, but 
conditions rarely permit the photographer 
to use a lens of normal focal length. 

Technique. A tall, rigid tripod is an essential. 
Its weight will depend on the camera. Firms 
who specialize in such work use a 6-foot 
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BANQUET GROUPS. If the camera coven the assembly from 
one corner, guests do not obscure each other. Dinen at ends 
of tables are moved to stand at edge of group. 

step-ladder modified to accommodate the 
camera on the top platform. Failing such aids, 
it is usual to work from the stage, the band 
platform, or (best of all) from a balcony of 
medium height. The camera must be able to 
look down on the assembly if everyone is to 
be seen clearly in the finished photograph. 

It is standard practice to work obliquely 
across the lines of tables. When the camera 
looks directly down the length of a table it is 
usually impossible to see more than a few of 
the guests near the front. 

As the principal guests are normally seated 
at the top table it is usual to ask them to stand 
throughout the exposure. It is also customary 
to take the photograph as soon as the guests 
have taken their seats after the saying of Grace. 
Later in the meal the tables become disarranged 
and the scene is never free from the presence of 
hurrying waiters. Furthermore, trouble is likely 
to be experienced with haze from cigarette 
smoke, particularly if the room is very long 
and if many guests have taken the opportunity 
to smoke. 

The necessary over-all sharpness is achieved 
by focusing the camera on a point about a 
third of the way down the tables and then 
stopping down to /16. Using fastest panchro- 
matic material in a normally well-lit room, a 
time exposure of 4 seconds is ample to produce 
a negative of fairly even over-all density. The 
slight falling off of exposure in the foreground 
is rectified by firing a medium power flash bulb 
just before closing the shutter. 

Subject. The great secret of success in this field 
of photography is a knowledge of “audience- 
control.” The photographer must make certain 
that everyone present knows that a photo- 
graph is about to be taken and that they realize 
that they have to keep absolutely still through- 
out the exposure. This information is conveyed 
either by the photographer (who must speak 


slowly, clearly and compellingly) or, at larger 
functions, by the toastmaster to whom the 
photographer has previously explained what Is 
wanted. Examination of the subsequent print* 
shows unmistakably how far the operator 
has succeeded in controlling his audience. 

The intimate type of picture is normally 
taken with the aid of small flash bulbs or more 
often nowadays with an electronic flash. It is 
usual to pose these small groups to be sure of 
getting pleasing expressions and to avoid 
catching someone in the actual act of taking a 
mouthful of food. 

The Business Side. The business side of banquet 
photography is normally conducted on “high- 
pressure” lines. If possible, the photographer 
circulates proofs of all pictures among the 
guests before they leave so that he can take 
orders on the spot. Successful exponents of 
such methods make a point of adding sufficient 
to their charges to enable the finished prints to 
be posted to customers with secure wrapping to 
protect them; they know that nothing destroys 
goodwill as quickly as a print that arrives 
damaged as a result of bad packing. G.Cg. 

See also: Groups. 

Books: All About Taking Parties and Groups, by 
Gordon Catli g (London); Group Photography, by 
Gordon Catling ndon). 

BARIUM SULPHATE. Used to prepare 
baryta paper on which most photographic 
printing papers are coated. As barium sul- 
phate is opaque to X-rays, it is largely used in 
radiography when it is administered to patients 
either orally or by injection. This enables the 
operator to “see” the shape and position of 
organs which, without this aid, would not be 
recorded. 

Formula and molecular weight; BaSO<; 233. 

Characteristics: A heavy white powder. 

Solubility: Insoluble in water and alcohol. 

BARNACK, OSKAR, 1879-1936. German 
camera designer. Joined the firm of Ernst Leitz 
in 1911 as mechanic in the experimental work- 
shop. Made a small roll-film camera for trial 
exposures of cine film employing double 
standard 35 mm. frame size (24 x 36 mm.) and 
so in 1914 produced the Leica prototype. The 
first series of six Leicas appeared in 1924. 

BARN DOORS. Colloquial term for the flaps 
placed in front of a spotlight to control the 
spread of the light. The flaps are hinged so that 
they can be adjusted as required. Bam doors 
are sometimes necessary when only part of a 
subject is to be illuminated. 

BARREL DISTORTION. Particular kind of 
distortion of the image formed by an uncor- 
rected lens. Straight lines at the edge of the 
field bulge away from the axis of the lens, being 
farther away at their middles than at their ends. 

See also: Aberrations of lenses. 
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BARYTA COATING. Base of the photo- 
graphic image in most types of printing paper. 
It consists of an emulsion of barium sulphate 
in gelatin, spread in a thin film over the paper 
backing and subsequently coated with the 
sensitive emulsion. Its main purpose is to pro- 
vide a smooth white base that is chemically 
mert. 

See also: Supports for emulsions. 

BASE. In photography, the support on 
which a sensitized emulsion is coated — e.g., 
the glass of a negative, or the paper of a print — 
is called the base. 

In chemistry, a base is a metallic or metalloid 
(e.g., ammonium) oxide or hydroxide which 
combines with acids to form salts; a base that 
is soluble in water is an alkali. 

See also: Supports for emulsions. 

BASKETT’S REDUCER. Physical reducer 
for negatives, which works by removing the 
silver deposit by abrasion. The original 
Baskett's formula consisted of equal parts of 
terebene, salad oil and metal polish. Any 
similar mixture of an abrasive metal polish 
and oil or vaseline will do. 

See also: Reducing. 

BAS-RELIEFS. Carvings, sculptures or other 
forms of images in low relief. In photographing 
them strong oblique lighting is usually re- 
quired to obtain sufficient modelling. 

Double Image Method. Prints resembling 
photographs of bas-reliefs can be made from 
negatives of normal subjects. The method is to 
make a transparency from the negative by 
contact printing on to a lantem plate or similar 
material. The negative and positive are then 
placed together in the enlarger slightly out of 
register, and a print made in the normal way. 
The result is a picture with the main outlines 
indicated by dark or light contours, and with 
somewhat distorted over-all tonal gradation. 
Both the negative and positive should be rather 
soft for the best results. 

This technique has also been used to obtain 
strong pictures of actual bas-reliefs having 
very shallow modelling, such as old and wom 
coins. In this case only the slightest displace- 
ment of negative and positive is called for — 
sufficient to accentuate the characters of an 
inscription, for instance, without giving a 
double image. The direction of displacement 
should coincide with the direction of the 
lighting on the subject so as to accentuate the 
natural shadows and highlights. 

Swelled Gelatin Method. If a light sensitive 
layer of bichromated gelatin is exposed under a 
negative, the emulsion under the shadow areas 
is hardened by the actinic rays but that under 
the highlights remains unaffected. The un- 
affected gelatin is able to absorb relatively 
large quantities of water and swell up while 


the hardened areas absorb little water and so 
do not swell as much. The result is an image in 
relief in which the highlights stand out and the 
shadows are depressed. This image may be 
cast in plaster while still wet, or if it is gently 
heated to just below melting point it will per- 
sist in the dried emulsion. Either way it is 
possible to obtain relief facsimiles from it in 
plaster or metal. Correctly carried out the 
method yields relief comparable to that of 
coins or medallions. 

This method was developed by Carlo Baer, 
who constructed a special lighting arrangement 
for the purpose. The object of the arrangement 
was to illuminate the subject (invariably a 
portrait) in such a way that the resulting densi- 
ties in the final negative varied according to 
the physical relief of the surface photographed 
and not the normal effects of light, shade and 
colour. 

If the method is attempted without some such 
arrangement it is essential to treat the subject 
to remove colour contrasts — i.e., by powdering 
the hair and face — and to light it evenly from 
each side to give symmetrical modelling. Finally, 
the negative may need considerable local 
intensification and working up to give the 
necessary strong contrasts. 

The plate on which the negative is printed 
can be prepared by coating glass with the fol- 
lowing mixture: — 

Gelatin 2 ounces 50 grams 

Water 7 ounces 175 c.cm. 

Leave the gelatin to soak for 4 hours and 
then heat on a water bath until dissolved; stir 
in 120 minims (6-5 c.cm.) of glycerin, strain, 
and coat on to glass plates while still warm. The 
above quantity is enough to coat 40 square cm. 
(6-5 square ins.). 

At any time after drying, the plates may be 
sensitized by bathing for 15 minutes in a 6 per 
cent solution of ammonium bichromate and 
drying in darkness. 

The plate is contact printed by daylight to 
give a good strong image, and then soaked in 
water until the gelatin swells to form the relief. 

The swelled gelatin method is only suitable 
for producing relief's of well defined objects 
and for portraits; it is useless for landscapes. 
As the amount of relief is small, the finished 
bas-relief should not be more than 3 ins. or 
so high, or the effect will be lost. F.P. 

Sec also: Photosculpture ; Tricks and effects . 


BATCH NUMBERS. Serial numbers stamped 
by the manufacturer on all packages of sensi- 
tized materials coated from a particular batch 
of emulsion. While variations between one 
batch of emulsion and the next are never very 
great, they may be serious enough to affect 
exposure and contrast, particularly where large 
quantities of the material are being exposed 
and processed to a rigid technique — e.g., in 
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photo agencies, photofinishing and picture 
postcard manufacture. 

Where variations in speed from one batch 
to another might be costly, the user keeps a 
check on the batch numbers of the materials 
as they come from the supplier. When the 
batch number changes, a test run is made with 
the new material to see whether any change 
is necessary’ in the technique standardized 
f or the previous batch. 

Sec also : Keeping qualities of materials . 

BAYARD, HIPPOLYTE, 1801-87. French 
amateur photographer and Civil Servant. 
Discovered an original silver iodide negative 
paper process early in 1839 and exhibited direct 
positive prints produced by another process in 
June, 1839 (i.e., before Daguerre’s invention 
was published) at a charity bazaar in Paris. He 
was for 15 years (1866-81) the Honorary 
Secretary of the Society Framjaise de Photo- 
graphic (French Society of Photography). 
Biography by Lo Duca (Paris 1943). 

BAYLEY, ROGER CHILD, 1869-1934. 
English writer of textbooks and guides to 
photography. Editor of Photography and later 
of Focus and Amateur Photographer. 


BEAM SPLITTER. Arrangement of mirrors 
or prisms to divide a beam of light into two or 
more parts. There are two forms: one which 
divides the beam transversely and deflects 
each half in different directions — for instance, 
a beam directed at the apex of a prism is 
divided at the apex and each part reflected in 
different directions by each of the oblique faces. 

The other form is when the light energy 
within the whole beam is divided along two or 
more channels; for instance, a beam falling on 
the surface of a transparent medium is partially 
reflected and partially transmitted. The sur- 
face of the mirror or prism is usually semi- 
metallized to increase the proportion reflected. 
When reflected and transmitted beams are 
required to be of equal intensity, metallized 
glass beam splitters have the disadvantage of 
considerable light absorption. By using films 
(on glass) of bismuth oxide or zinc sulphide, 
working on an interference principle, almost 
zero absorption is achieved. 

An example of the first type of beam splitter 
is that used to project stereoscopic films or 
slides in which the pairs of pictures are arranged 
side by side, the projector having a single 
optical system. The stereo attachment, as it is 
called, is fitted to the projector lens. The beam 
is divided by a 90° prism, the light from one 
picture going to the left and that from the 
other going to the right. These two beams are 
then reflected forward again by two further 
prisms set at the necessary angles to super- 
impose the two pictures on the screen. 


A similar device is used on the camera to take 
the stereo pictures. Used in reverse in this way 
it is strictly no longer a beam splitter, although 
it is sometimes referred to as such. 

The type based on semi-metallized reflectors 
is used for such purposes as one-shot colour 
cameras. The requirement is to triplicate the 
image produced by a single lens so as to 
obtain three colour-separation negatives. Two 
semi-metallized mirrors of glass or collodion 
(pellicles) are arranged at suitable angles within 
the camera to intercept the light from the 
lens and direct part to one side and part to the 
other. At the same time they allow part to 
continue to the normal focal plane. Thus three 
identical images are produced. 

If two of the films or plates are used together 
as a bipack, only two images are required and 
therefore one reflector. 

Prismatic beam splitters are normally used 
for small format cameras, such as professional 
35 mm. cine equipment. They also find applica- 
tion in various optical instruments, such as 
binocular microscopes. 

BEARD, RICHARD. Dates unknown. British 
daguerreotypist. Formerly a London coal mer- 
chant, he opened the first daguerreotype studio 
in London (at the Royal Polytechnic Institu- 
tion, 1841). Used stencil and powder colours in 
colouring daguerreotypes and in 1840 took out 
a patent for glazing studios with blue glass. 
Was patentee of the daguerreotype process in 
England, Wales and the Colonies from 1841-53. 

BECK EFFECT. Increase in the light inten- 
sity and other characteristics of a D.C. carbon 
arc when the positive carbon is loaded with 
certain metallic salts and the arc is worked at a 
high current density. This is the basic 
principle of the high intensity arc. 


BECQUEREL, EDMOND, 1820-91. French 
physicist. Investigated the photographic pro- 
cess and demonstrated in 1840 that an under- 
exposed daguerreotype plate could be intensi- 
fied by diffused supplementary exposure under 
red glass (the Becquerel effect). Observed the 
direct coloration of light-sensitive silver 
chloride about 1847. Discovered the photo- 
galvanic effect, 1839. 

BECQUEREL EFFECT. Intensification of a 
latent image by exposure to light to which the 
emulsion is otherwise insensitive. An image 
on print out paper can be intensified if it is 
exposed to green light before fixing, and if a 
latent X-ray image is exposed to white light a 
silver image eventually builds up on the areas 
that have already received an exposure. 
Apart from this, silver bromide emulsions do 
not exhibit the effect. 
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BEEF-CAKE. (Slang.) Photograph of a man 
posed to display his physique; masculine 
equivalent of “cheese-cake". The subjects are 
usually professional or amateur “strong men”, 
pugilists and the like. 

BEESWAX. Hard yellow wax, soluble in hot 
turpentine, obtained from the honeycomb of 
the honey bee. It is the basis of dopes f or giving 
depth and lustre to exhibition prints; it is 
sometimes made into a polish for glass surfaces 
used in glazing prints and it may be used on the 
temporary support surface in the double trans- 
fer carbon process. 

See also: Doping prints; Waxing prints. 

BELGIUM. Belgium has played an important 
part in the development of photography and 
cinematography. 

Cinematography. In a thesis written for his 
doctor’s degree in 1829 the physicist, J. A. F. 
Plateau (1801-83), formulated the laws of the 
rsistence of vision on which cinematography 
based. He calculated that the duration of a 
visual impression from the moment of maxi- 
mum intensity to the moment when it is only 
just perceptible is about one-third second. 

Basing his design on Faraday’s description 
of the stroboscopic illusion as published in 
the Journal of the Royal Institution of Great 
Britain in 1831, Plateau constructed the 
phenakistoscope, the first known cinemato- 
graph apparatus. The instrument, which 
appeared in 1833, consisted of a cardboard disc 
with a number of holes punched near the cir- 
cumference and a series of figures painted on 
one side. The disc was spun round on its 
axis with the drawings facing a mirror and 
when the operator observed the images in the 
mirror through the holes, an illusion of move- 
ment was produced. 

The first production model of Plateau’s 
phenakistocope was sold in Paris and London. 
Meanwhile an improved instrument made by 
Stampfer of Vienna as well as the Zoetrope of 
English manufacture had appeared. In col- 
laboration with C. W. Ackermann, Plateau 
soon produced an improved apparatus under 
the name of fantascope. This achieved great 
success, but though it already embodied the 
essential principles of cinematography, an- 
other sixty years were to pass before the first 
film appeared on the screen. 

Document Copying. The modem reflex method 
of document copying was invented by the 
German, Albrecht Breyer (1812-70), when 
studying at Liige University. It was described 
in a letter to the Brussels Academy of Sciences, 
dated 14th August, 1839, five days before the 
meeting of the Paris Academy at which D. J. F. 
Arago gave the full description of Daguerre’s 
process. Albrecht Breyer used a silver chloride 
paper of his own manufacture which he 
called “heliographic” and succeeded in mak- 
ing direct copies of line documents, without 


the need for optical apparatus, within seven 
minutes. As his letter to the Brussels Academy 
indicates, he was fully aware of the theoretical 
principles of his process, which have remained 
basically unchanged to this day, but did not 
himself exploit the process further. It was 
revived by P. Yvon in 1891 and J. H. Player in 
1896, and is often now referred to as Player- 
type in consequence. 

Sensitized Materials. The first Belgian manu- 
facturer of sensitized materials on a large 
scale was D. C. E. van Monckhoven (1834-82). 
In 1852 van Monckhoven published a manual 
of photography which was translated into four 
languages. In 1879 he discovered that the 
ripening of silver bromide is notably accelerated 
by the addition of ammonia. This discovery 
had a decisive influence on the manufacture 
of sensitive materials, in particular, the dry 
plate. 

In his laboratory at Ghent, van Monckhoven 
prepared emulsions for sale both direct to 
photographers and to other manufacturers who 
coated them on to glass plates. One such manu- 
facturer produced 1,300 plates per day. In a 
prospectus van Monckhoven stated that his 
dry gelatin-bromide emulsion contained exactly 
half its weight of silver bromide and was ideal 
for photographers wishing to prepare large- 
size glass plates. The Ghent plant also produced 
carbon paper in various types for single and 
double transfer. 

After van Monckhoven’s death the manu- 
facture of sensitized materials was carried on 
by smaller firms, one of which was owned by 
L. A. H. Baekeland (1863-1944). Baekeland 
settled in the U.S.A. in 1889, where he formed 
a company which manufactured the first silver 
chloride developing paper. The company was 
later taken over by Eastman Kodak and 
Baekeland devoted himself to electro-chemistry 
and research into plastics. In 1 909 he invented 
a synthetic substance which was called “bake- 
lite” after him and has made his name famous. 
Baekeland became a professor at Columbia 
University and held a number of honorary 
degrees from other seats of learning. 

Amongst other photographic research 
workers in Belgium the physicist Andri 
Callier is noteworthy for his discovery in 1909 
of the absorption and scatter of light by the 
silver image grains in a photographic negative. 
The result of this selective scattering of the 
transmitted light is to increase the contrast of 
the projected image and emphasize scratches, 
etc., in enlargements. 

At the time of Baekeland’s departure for the 
U.S.A. Lieven Gevaert (1868-1935) opened a 
small laboratory for the manufacture of photo- 
graphic paper. A company bearing the name 
Sociiti L. Gevaert & Cie. was formed in 1894; 
within a few years it had grown considerably. 
Belgium now manufactures all kinds of sensi- 
tive materials for photography and cinemato- 
graphy, as well as the cellulose triacetate base 
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on which the film emulsions are coated. Over 
6,000 persons are now employed in the factory 
founded by Lieven Gevaert. 

The firm established by Gevaert now shares 
231 per cent of exports by the main countries 
manufacturing sensitive materials. Belgium 
therefore takes second place in world exports 
in this field. Products of this Belgian firm are 
also made in France and Spain. 

Science. There are adequate facilities for 
study of the theory of the photographic process 
at the universities of Ghent, Liege and Louvain. 
Typical subjects of study are: the nature of the 
centres of sensitivity formed on silver halide 
crystals during the preparation of the emulsion; 
action of light on light-sensitive crystals and 
the formation of the latent image; the nature 
of the latent image and the changes it under- 
goes under the influence of light and the action 
of the developer. 

At Liege University an optional course in 
photography is offered by all faculties under the 
title “Photographic emulsions and their 
applications.” 

At Louvain University important research is 
proceeding with a view to finding macromole- 
cular products to serve as protective colloids 
in the preparation of emulsions, to replace 
gelatin and as a support in place of the cellu- 
lose derivatives used at present. 

Important research is also being carried out 
in the laboratories of Belgian factories. 
Organizations and Periodicals. The principal 
organizations in Belgium are la Federation des 
Unions Professionnelles Photographique de 
Belgique (Federation of Professional Photo- 
graphic Unions of Belgium), which is the body 
of professional photographers and photo- 
graphic dealers, and the Chambre Syndicale 
des Negotiants en Articles Photographiques 
(Photographic Retailers Association). 

The leading photographic periodicals pub- 
lished in Belgium are the bi-monthly Photorama 
and the journal Foto Forum. 

Amateur Photography. At the turn of the 
century the most notable successes at inter- 
national photographic exhibitions were ob- 
tained by the Belgian pictorialists Alexandre, 
F. Leys, G. Marisiaux, Leonard Misonne, L. 
Sneyers, Vanderkindere and Willems, all of 
them except the first-named being amateurs. 
Misonne’s masterly landscapes are still an 
inspiration to the young workers of today. In 
the portrayal of the everyday utensils of modem 
life and the use of close-ups the Frenchman 
Dubreuil, who lived in Belgium at the begin- 
ning of the century, anticipated the modem 
approach to photography. 

There is now a large and well organized 
amateur photographic movement in Belgium. 
Clubs are active in all towns and large centres 
of population, the majority being affiliated to 
the F.B.C.P. (Belgian Federation of Photo- 
graphic Clubs). The Federation was founded in 
1947 and at the end of 1 954 comprised seventy- 


nine clubs with a total membership of 3,438. 
It organizes courses, circulates portfolios, 
provides transparencies f or club projection and 
arranges competitions. H.C. 

BELITSKI’S REDUCER. Chemical reducer 
for negatives, consisting of a solution of 
ferric potassium citrate or oxalate in an acid- 
fixing bath. 

See also: Reducing. 

BELLOWS. Collapsible and light-tight sleeve 
joining the lens to the back of the camera in 
all but a number of small hand cameras, box 
cameras, and miniature cameras. Camera 
bellows were at one time made of either leather 
or rubberized fabric. Nowadays bellows of 
plastic or plasticized fabric are being in- 
creasingly used. 

It is not difficult to make bellows either in 
these materials or in stout opaque paper to 
meet temporary requirements. For parallel 
bellows, cut a rectangle of the material with the 
width equal to one and one-third times the 
maximum bellows extension required plus an 
allowance for attachment. The length should be 
the average of the distances round the outside 
and inside of the bellows when compressed, 
plus an allowance for the overlap in joining 
the two ends together. The material is then 
folded and joined up to complete the bellows.. 



MAKING BELLOWS. Top: Mark out a piece of the material in 
the required size allowing sufficient for overlap in glueing 
together. Score the folds as shown. Bottom: fiend up the tube 
and glue together. Then fold along the scored lines: in one 
direction on the solid lines, and in the opposite direction along 
the dotted ones. A knife will help In completing each fold. 
Crease the folds to make them permanent. Finally stick the 
ends of the bellows Co suitable panels. 
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The method of repairing bellows is dictated 
by the particular nature of the damage. The 
usual faults that develop are pinholes at the 
comers of the folds. If they are extensive, as 
they may be if the material is perishing, repairs 
are not likely to be satisfactory. But small 
holes due to abrasions or accident can be 
repaired by applying a patch of black paper or 
other thin opaque material. Another effective 
method is to seal the hole with rubber solution 
or cellulose cement into which a little lamp 
black has been worked. 

See also: Home-made equipment; Repairs to cameras. 

BENNETT, CHARLES, 18??-1927. English 
amateur photographer. In 1878 published his 
method of increasing the photographic sensi- 
tivity of emulsions by prolonged heating at a 
temperature of about 90° F. 

BENZENE. Used as a solvent for waxes and 
resins, e.g., of the bitumen in certain photo- 
mechanical reproduction processes. 

Formula and molecular weight: C,H e ; 78. 
Characteristics: A colourless liquid smelling 
like coal gas. 

Solubility: mixes in all proportions with 
alcohol and ether; insoluble in water. 

See also : Benzine. 

BENZINE. (Benzoline). Used as a solvent for 
fats and gums, a lamp oil, and as a dry clean- 
ing fluid. 

Formula and molecular weight: Variable. 
Characteristics: A colourless, volatile liquid 
obtained by the fractional distillation of 
petroleum. Not to be confused with benzene 
which is a coal-tar derivative. 

Solubility: Similar to benzene. 

BENZTRIAZOLE. Developer improver. 

Formula and molecular weight: C,H 5 N,; 
119. 

Characteristics: White needle crystals. 
Solubility: Slightly soluble in water. 

BERTHON, RODOLPHE. Dates unknown. 
French engineer and astronomical optician. 
Developed the lenticular screen additive pro- 
cess which was originally patented by Keller- 
Dorian in 1908, since made commercially 
available as Kodacolor (1928) and Agfacolor 
(1931) for amateur cinematography, also used 
(1936) in commercial cinemas. 

BERTILLON, ALPHONSE, 1854-1914. 
French anthropologist. Introduced the identi- 
fication of criminals by anthropometry which 
he described in his Photographie Judiciaire 
(1890). 

BETWEEN-LENS SHUTTER. Shutter that 
operates between the back and front lens com- 
ponents. This type of shutter includes some 
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of the finest made and is the most popular 
type for hand cameras with non-interchange- 
able lenses. Sometimes this term is applied to 
all shutters of the same basic construction 
although they may in fact be placed behind 
the lens. 

BICHROMATED ALBUMEN PROCESS 
Normal photomechanical reproduction process 
for making line blocks. A metal plate is 
coated with albumen sensitized with ammon- 
ium bichromate. When it is exposed behind the 
negative the coating is rendered insoluble 
wherever the light acts. Washing the plate 
leaves behind an image in undissolved albumen. 
The line block is made by treating this image 
with powdered bitumen and etching away the 
unprotected metal. 

BICHROMATE POISONING. Painful rash 
or outbreak of small ulcers on the hands some- 
times suffered by workers who handle potas- 
sium bichromate. 

See also: Skin affections. 

BICHROMATE PROCESSES. The light 
sensitizing properties of potassium bichromate 
in association with organic colloids like gum, 
albumen and gelatin are exploited in a number 
of photographic and photomechanical pro- 
cesses. Among the many such bichromate pro- 
cesses are most of the control processes and a 
number of photomechanical reproduction pro- 
cesses. 

See also: Control processes; Dusting on process; Glass 
pictures; Pigment processes / Sensitizer. 

BI-CONCAVE. Term applied to a lens indi- 
cating that each of its faces curves inwards 
towards the centre. 

BI-CONVEX. Term indicating that each of 
the outer faces of a lens curves outwards away 
from the centre. 

BIG GAME. The authorities in the world’s 
big-game areas are becoming more interested 
in preserving wild animal life than in allowing 
it to be indiscriminately killed by the hunter. 
This is having a two-fold effect: travellers are 
being forced to do their shooting with the 
camera instead of the rifle, and the animals are 
becoming tamer. In many of the big game 
preserves of Africa and North America, it is 
possible to photograph more wild animals in 
the course of a day’s motor ride than a hunter 
could hope to see in a month. 

The Subject. As in every other branch of photo- 
graphy the man who knows the most about 
his subject gets the best pictures. Wild animals 
vary in their habits and the technique that 
works best with one species is useless with 
another. 

Elephants have very keen scent but relatively 
poor vision and hearing. So long as there is a 



breeze, however slight, the photographer can 
work upwind to within fairly close range. 
Even so, there is more hope of getting a picture 
with a telephoto than with a normal angle lens. 

Lions, surprisingly, are probably the easiest 
of all the larger animals to photograph. They 
pay very little attention to the photographer as 
long as he is in a car and keeps more than 
about four yards away. In addition to having 
light-coloured skins, lions frequent open scrub 
country where the light is in any case good for 
photography. 

Photographers who specialize in big game 
photography agree that the danger involved in 
photographing lions is overrated. Lions are 
actually known to warn off photographers who 
approach too close. They do this by making a 
rush at the photographer, but once he retreats 
make no attempt to take the matter further. 

Rhinoceros are both short-sighted and short- 
tempered. The rhino has very keen hearing and 
if he is being watched from a hide is apt to 
shy away at the slightest unusual sound. In 
common with most other animals in game 
reserves, the rhinoceros has become accustomed 
to seeing motor cars and generally takes little 
notice of them. For this reason it is easier to 
photograph this animal from a motor car 
than f rom a hide, and saf er than on foot. 

Buffalo are the most dangerous and difficult 
of all African wild animals to photograph. 
They are nocturnal in their habits, and tend to 
stay in the thick bush. The African buffalo is 
a formidable creature and one of the very few 
animals that will attack a man on sight. There 
are places, however, like the Belgian Congo 
National Park and the Queen Elizabeth 
National Park in Uganda where buffalo can be 
approached near enough to give good results 
with a telephoto lens. These particular beasts 
are relatively tame because they have been 
allowed to go unmolested for some generations. 
Another way to photograph buffalo is to 
arrange an automatic shutter release device at 
a water hole that the animal is known to use. 

Zebra, antelopes and other swift-footed 
creatures can be photographed early or late in 
the day from a hide set up near their water 
hole. In game parks and reserves where they 
are unharassed by man, they can be approached 
by car or lorry close enough to be photographed 
through a telephoto lens. A number of striking 
action shots have, however, been taken of them 
from low-flying aircraft but the practice is 
frowned on by the game wardens. 

Giraffes belong to the relatively tame species 
that can be photographed from a car and are 
quite safe to approach on foot. Once they be- 
come aware of the presence of the photo- 
grapher, however, their long legs rapidly carry 
them out of range of even a telephoto lens. 

Hippopotamuses, again, are animals not 
so much dangerous as shy, and they must be 
stalked cautiously from the down-wind side. 
The hippo is usually lound in herds and it 
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spends most of the day in the water, coming 
out mostly at night and only rarely in the day- 
time. So the most characteristic photographs 
are those which show the animal partly sub- 
merged in its natural element. The hippopo- 
tamus has capacious lungs; once scared it 
dives and can remain submerged long enough 
to exhaust the patience of the most ardent 
photographer. 

Technique. There are three ways of going after 
big game with a camera: on foot, by car and 
from a hide. In practice, stalking the game on 
foot is the least effective method and where the 
terrain is suitable, photographing from a car 
is the easiest and saf est way of getting pictures. 
A hide has its own advantages, but it ties the 
photographer down to one place with no 
choice of viewpoint and lighting. 

Photographing from a Car. When working from 
a car, the photographer generally stands on 
the front seat and shoots from the open sun- 
shine roof. In this way he can get the driver to 
take him around the animal to find the best 
viewpoint and lighting. It is a fact that most 
animals are less disturbed by a car than by a 
man on foot. Fortunately, too, the surface of 
the ground in many game reserves is reasonably 
level and there is no need for the car to stick 
to the road. 

Most drivers quite naturally prefer to keep 
the engine of the car running when close to 
potentially dangerous animals. For this reason 
it is never wise to rest the camera on the edge 
of the sunshine roof or vibration is almost 
certain to spoil the picture. 

Photographing from a Hide. Hides are always 
constructed well above the ground in the neigh- 
bourhood of a water hole or salt lick known to 
be frequented by the game. Some hides are 
luxurious affairs equipped with beds and other 
amenities intended to make the hours of 
waiting as comfortable as possible. The photo- 
grapher must be prepared to enter the hide 
many hours before the game shows itself — that 
is, during the early morning and late evening — 
and generally he will have to stay there until 
the following day. 

The photographer who works from a hide 
can always find plenty of places to steady his 
camera during the exposure and can, if the 
light is poor, use a tripod and give quite long 
time exposures. It is always better if the subject 
can be photographed with a telephoto lens 
some distance away from the hide. This helps 
to offset the high viewpoint; if animals are 
photographed at close range with an ordinary 
lens the camera looks down and gives an unin- 
teresting plan view. 

The most serious disadvantage of a hide is 
that it imposes a fixed viewpoint and direction 
of lighting. Once in the hide the photographer 
has no way of shifting his viewpoint. 

Lighting. The light in the real bush or jungle is 
always too weak for instantaneous exposures 
even at midday. Fortunately, however, most 
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big game roams in the more open scrub country 
where the light is good. The hours around mid- 
day are practically useless for photography 
because then the sun is more or less vertically 
overhead, giving hard uninteresting lighting. 
Early moming and late afternoon in the dry 
and sunny season are the best times. 

Sensitized Material. The colouring of most 
animals and their surroundings is of a sort 
that comes out well on fast panchromatic film. 
This usually gives excellent rendering of the 
tones of dark green foliage, red earth and 
reddish-brown skin and hide. As the sky sel- 
dom if ever comes into the picture, there is 
rarely any need for a filter, all the tones of the 
subject being at one end of the spectrum. 
Exposure. As a tripod is generally out of the 
question and the camera must be held, expo- 
sures are never longer than 1/ 100th second. 
Even at this speed it is not easy to avoid camera 
shake when using a telephoto lens. However, 
using fast panchromatic film in the average 
moming and late afternoon light it is generally 
possible to use this shutter speed or even 
1 /300th second with a lens aperture of /8. This 
aperture is usually just small enough to give 
the necessary depth of field for the average big 
game photograph. Animals in motion can be 
taken at much higher shutter speeds and bigger 
lens apertures provided that they are far 
enough away from the camera. 

Equipment. The lens is the most important 
item of equipment in big game photography. 
Because it is rarely possible or advisable to go 
closer than about 40 yards from the subject, a 
good telephoto lens of 3x to 4x magnifying 
power is absolutely essential. This in its turn 
dictates the use of either a reflex camera or a 
miniature with coupled focusing. 

In practice both of these types of camera are 
used. Those who favour the miniature often 
have it mounted on a gun stock with triggers 
for firing the shutter and winding on the film. 
The camera is then aimed as though it were a 
rifle; this method of mounting helps to over- 
come the added risk of camera shake with the 
long focus lens. 

The single lens reflex, taking, say, a 2J ins. 
square film, has the advantage of taking a 
bigger negative that requires less enlargement 
and consequently gives crisper rendering of 
hair and other essential fine detail. G. de H. 

See also: Animals; Zoo. 

Book: Nature and Camera, by O. G. Pike (London). 

BINOCULAR VISION. Visual perception of 
objects with two eyes. 

The fundamental difference between seeing 
with one and with two eyes is in the apprecia- 
tion of the depth of the subject. When an object 
is looked at through two eyes, each eye sees a 
little'more than the other of its own side of the 
object. In addition each eye sees the object 
against a different part of the background. The 


first difference increases as the object comes 
closer to the eye, the second increases as it 
gets farther away from the background. When 
the separate pictures seen by the two eyes are 
fused into a single impression in the brain, 
these effects combine to give an impression of 
the depth of the subject and its position in 
space between the observer and the background 
— i.e., a stereoscopic picture. 

The stereoscopic effect of binocular vision 
grows less as the subject gets farther away — 
i.e., as the separation of the eyes becomes less 
and less in proportion to the distance of the 
subject. After a certain point is reached, both 
eyes see substantially the same picture and the 
sensation of depth is no longer apparent. 

See also: Stereoscopic photography; Psychology of 
vision. 

BIOLOGY. The study of the various pheno- 
mena of living plant and animal matter, most 
of which are capable of being recorded by 
photographic methods, is known as biology. 
The subjects studied may range from micro- 
scopic spores to complete botanical and 
zoological specimens. So biological photo- 
graphy makes use of normal, macro- and micro- 
photographic techniques. Some work is also 
done nowadays with cinematography, and 
both still and moving pictures may be in black- 
and-white or colour. 

Biological photography is simply an appli- 
cation of the equipment and techniques of 
botanical, medical and zoological photo- 
graphy. It may be carried out in the field or the 
laboratory ; some projects can be covered by a 
single worker with simple portable equipment, 
others call for a staff of scientists and assistants 
with highly specialized and costly equipment. 
Elementary Organisms. The biologist’s interest 
starts with the study of living cells. In this 
branch, while specimens may be collected in 
the field, all the photographic work takes place 
in the studio and is generally a matter of 
straightforward photomicrography. The most 
seriousproblem of photographing living micro- 
organisms used to be the difficulty of finding a 
light bright enough to enable instantaneous 
exposures to be given without at the same time 
drying out or killing the specimen. The advent 
of electronic flash, however, has made both 
still and cine high speed photomicrography of 
living specimens very much easier. As the 
light is practically cold, there is no danger to 
the specimen. Still exposures can be made by 
simply operating the flash while the normal 
room illumination is switched off, the duration 
of the flash being short enough to arrest the 
movement of the liveliest specimen. Cine 
photography can be carried out by using a 
stroboscopic flash synchronized with the 
camera shutter. 

Primitive Life. In the study of primitive forms 
of life it is necessary to photograph fossil 
remains, both in the field and the laboratory. 
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Field pictures are necessary to show the rela- 
tion of the fossil to the material in which it is 
embedded. The laboratory pictures show the 
fossil from several angles against a plain back- 
ground and include a graduated rule to show 
the actual size. Such photographs alongside 
those of the present day forms of related 
organisms show how the subject has changed in 
the course of centuries of evolution. 

Growth. The biologist uses photography to 
record the development of the embryo. This 
involves a series of pictures of a number of 
similar embryonic specimens, taken at intervals 
to give the effect of a single embryo photo- 
graphed at different stages of development. The 
successive specimens must therefore be taken 
from the same angle and under identical light- 
ing conditions. Such a photographic series 
may also be supplemented by a series of X-ray 
photographs of a single developing specimen. 
The X-ray exposures must be made from the 
same angle as the photographs so that the two 
can be compared. The subsequent growth of 
the organism or creature is recorded by photo- 
graphing it at regular intervals alongside a 
scale or preferably against a background ruled 
off in squares. Photographs made in this way 
are invaluable for studying the effect on animal 
growth of different methods of feeding. This 
branch of biology may call successively for 
micro, macro, normal photographic and X-ray 
equipment. 

Structure. The internal and external form of the 
subject is one of its most important charac- 
teristics and one that lends itself to photo- 
graphic methods of recording. Here the camera 
is first called upon to make accurate records of 
the outward appearance, showing coloration, 
texture and modelling. Further records are 
then made at various stages of dissection to 
show, for instance, the muscular and nervous 
systems, the bodily organs, and the skeletal 
structure. All this work is carried out in the 
laboratory; it has no relation to the subject 
in its natural surroundings. 

Form. Morphology, or the study of organic 
form and how it develops, is an important 
branch of biology. Here also photographic 
records are used extensively. Typical specimens 
are photographed under controlled conditions 
— if possible in the laboratory — to reveal 
characteristic features of the species or class. 

Most forms of life, while conforming to 
definite characteristics, exhibit certain typical 
variations — e.g., dwarfs, giants and “sports”. 
These deviations from the standard form can 
be studied by comparative photographs show- 
ing the normal and the variant. Such photo- 
graphs must be taken under comparable con- 
ditions, and the biologist must be certain that 
his standard is in fact typical of the species. 
Heredity. Biologists are also interested in the 
way in which characteristics are handed on 
from one generation to the next, and in this 
field the camera is employed to record the 


characteristics of successive generations of a 
wide variety of plants, insects, fish and animals. 
The points of interest may range from the cell 
structure to the whole organism and involve 
extensive series of pictures made in both field 
and laboratory. 

Behaviour. The behaviour of the subject under 
normal and abnormal conditions provides an 
unlimited choice of material for photography. 
Studies of this type include the courtship, 
mating and breeding activities of insects, birds, 
fish and animals, life cycles of parasites, 
response to seasonal climatic and temperature 
changes and the like. Although much of the 
bread-and-butter work in this field is carried 
out with still cameras of all types, an increas- 
ing amount is being done with cine cameras, 
and the results often have an educational and 
even an entertainment value far beyond the 
immediate intention of the makers of the film. 
Their early success, in fact, has inspired the 
production of a type of nature film in which, 
by careful production, cutting, and “dubbing" 
of sound, factual studies of insect and animal 
behaviour turn a biological study into a popular 
cinema feature. 

Ethnology. Ethnographic surveys — i.e., the 
recording of race varieties and evolutionary 
changes — form an important part of the 
science of biology. The scope of such surveys 
extends to the various race types scattered over 
the earth’s surface and backwards in time to 
the earliest traces of human life. 

Much has been done in attempting to 
establish racial characteristics by making 
“average” portraits, consisting of dozens of 
superimposed photographs of separate indi- 
viduals. The biologist, however, is more 
interested in producing sharp pictures of 
typical individuals which show clearly the 
details of skin and hair character, bone forma- 
tion, stature and proportions peculiar to the 
race as a whole. 

Equipment The equipment for biological 
photography is simply the most suitable selec- 
tion of normal photographic equipment for 
the particular project being followed; there is 
no special biological camera, since the work 
may call for anything from a microscope 
camera to a large plate or reflex camera. Where 
the funds available will not cover the cost of 
special cameras and equipment for each branch 
of the work, a 35 mm. miniature system — in- 
cluding camera, short, normal and long focus 
lenses, close-up focusing device, portable 
electronic flash unit, microscope attachment 
and possibly a reflex attachment — is the best 
compromise. The availability of attachments 
may depend on the camera make. F.P. 

See also: Animals: Big game: Birds: Botany: Fish; 
Insects ; Macrophotography: Medical photography: Photo- 
micrography; Reptiles: Zoo. 

Books: Amateur Photomicrography , by Alan Jackson 
(London); Medical Photography , by T. A. Longmore 
(London); Nature and Camera , by O. G. Pike (London). 

75 



BIO 

BIOT, JEAN BAPTISTE, 1774-1864. French 
astronomer, chemist, mathematician, and 
member of the French Academy. He was one 
of the scientists appointed to report on 
Daguerre’s discovery. Biot had known of 
Daguerre’s work and so was able to support 
M. Arago and Alexander von Humbold in the 
report made to the Academy on 7th January 
1839. This caused a sensation and in July 1839, 
a bill was passed which gave to Daguerre a 
pension of 6,000 francs, and to Isidore Niepce 
a pension of 4,000 francs on condition that 
Daguerre described his process in full. 


BI-PACK. Combination of two films placed 
emulsion to emulsion and exposed as one. 

The two films are differently sensitized to 
yield colour separation negatives. The two 
negatives can be used for two-colour photo- 
graphy. 

Alternatively the bi-pack can be used in one 
focal plane of a special single-reflector one- 
shot colour camera, with a single film in the 
other focal plane to give the third separation 
negative. This arrangement used to be em- 
ployed extensively in colour cinematography. 

See also: Colour camera. 


BIRDS 


The photography of birds is concerned with 
three main types of picture, each of which calls 
for its own technique and equipment. There are 
the pictures of nests with eggs in them; then 
there are the pictures of parent birds at the 
nest, either sitting on the eggs or feeding the 
young; and finally there is the most difficult 
branch of all — pictures of birds in the open 
country, on the tidal flats by the seashore or 
actually inflight. 

NEST PHOTOGRAPHS 
Photographs of just the nest are much easier 
to take than those which include birds or 
are of birds in the open. 

Equipment. The best camera for nest photo- 
graphy is a square bellows field camera with a 
fixed front, back focusing, and a swing back. 
The type of camera that has front panel focus- 
ing is not suitable. When a camera with front 
focusing is set up on its tripod to take a close- 
up photograph of a nest, racking out the front 
brings the lens closer to the subject. This gives 
a change in the scale of magnification so that 
while the image might have been just the right 
size for the plate before it was focused sharply, 
after focusing it may be too large. At this 
stage the camera will have to be moved farther 
away to bring down the size of the image, and 



SWING BACK AND TILTING BASE. Left ind Centre: A 
swing back on the camera will extend the effective depth of 
field available. Right: A tilting base allows easy yet rigid 
adjustment of camera angle. Useful with heavy cameras. 
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every time the camera is moved, the tripod 
must be set up again. Under these conditions, 
focusing is a tedious business, so the photo- 
grapher who tries to take close-up pictures of 
this sort must use a camera with a focusing 
back or be prepared to waste a lot of time. 

The swing back is necessary because of the 
restricted depth of field of the lens when work- 
ing at such close distances. It is not sufficient 
to get the nest and its eggs into sharp focus; 
the foreground must also be sharp or the final 
picture will look amateurish. Swinging the back 
of the camera away from the lens brings the 
foreground into focus. 

Although the field camera is the favourite 
for nest photography, the 35 mm. miniature 
has been used quite successfully. While this 
type of camera suffers from the absence of 
swing back and other camera movements, its 
short focus lens has a great depth of field. 
This is an advantage that helps to offset its 
other shortcomings, while for taking photo- 
graphs of nests in less accessible places — 
cliffs and high trees where a tripod cannot be 
erected — it is often the only camera that can be 
used. 

A firm tripod is essential for nest photo- 
graphy with a field camera. If possible, it should 
be equipped with a universal top because it will 
generally have to support the camera at an 
awkward angle to suit the position of the nest 
and surrounding foliage. 

Lighting. Subdued daylight is quite the best 
type of lighting as it shows up the markings on 
the eggs and the modelling of the shell to the 
best advantage. On bright days the direct rays 
of the sun must be prevented from shining on 
the subject and the photograph be made by the 
diffused light from the sky. 

Exposure. The situation of nests varies widely; 
some nests are tucked away in dark comers 
and others are relatively brightly lighted. 
Under these conditions, exposure has no 
relation to the state of the daylight, and the 
only reliable guide is an exposure meter. 

When the nest has been decided upon, the 
camera is set up in a suitable position near it 




CONSTRUCTING A HIDE: A useful hide is made up of a 
framework of poles and rods so as to be easily assembled and 
dismantled. In use it is covered with cloth. 

and any grass or leaves moved out of the line 
of view so that they can be replaced afterwards. 
The back focusing and swing back are adjusted 
to give a sharp picture of the nest and its fore- 
ground. the lens is stopped well down, and a 
time exposure is given. 

BIRDS AT THEIR NESTS 

Birds are easiest to photograph when they 
are busy at their nests, either sitting on their 
eggs or feeding their young. Once the nest has 
been located, the photographer can be sure of 
being able to find the birds when and where he 
wants them. This is quite the easiest type of 
bird photography; the only difficult part about 
it is to find the nest and build the hide; the rest 
is just a matter of patience and straightforward 
photography. 

The Hide. The hide can always be improvised 
from branches or other suitable material 
gathered on the spot, but the serious bird photo- 
grapher almost always uses a portable erection 
made up of light wooden struts and covered 
with cloth or fabric, so designed that it can be 
put together or dismantled in a few minutes. 
The hide is always big enough for the photo- 
grapher to be able to work in comfort in view 
of the fact that he may have to spend hours 
waiting for his opportunity. Every sign of 
movement must be avoided, so if the sides 
and front of the hide are made of cloth they 
must be fixed firmly to prevent them from 
flapping in the wind. 

The hide should be made as comfortable as 
possible because it may be in use for long 
periods of waiting. The camera should be set 
up and roughly focused before erecting the 
hide, otherwise it will be very difficult to erect 
the tripod and arrange the camera in the small 
space available. 

Technique. The lens should point through a 
small hole in the front of the hide, and there 
should be a small peep-hole in a convenient 
place to give the photographer a clear view of 
the surroundings of the site focused. But for 
unobtrusive observation there is nothing 
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better than a small portable periscope. This 
method of observing allows the front of the 
hide to be completely shut in so that the subject 
sees no movement inside. The top of the peri- 
scope should project far enough above the top 
of the hide to give a clear view of the scene in 
front, and show the bird or animal before it 
gets into the area focused. 

The subject is generally very nervous on 
its first approach to the nest, and it is wise 
to allow the bird to feed its young three or four 
times before starting to make exposures. If the 
parent hears the slight click made by the 
shutter on its first visit, it may be scared oil for 
a long time. But when once it discovers that 
there is no danger from the strange erection 
that has appeared close to its nest, it will take 
very little notice of unusual noises. 

Equipment. This sort of photography cannot 
be carried out satisfactorily with a scale-focus- 
ing camera or a fixed focus camera, even when 
fitted with a close-up lens. Some means of 
visual focusing is essential, because the depth 
of field available is small, and the subject is 
constantly moving. The single lens reflex is 
perhaps the most popular camera, although 
much good work is now being done with 
range-finder focusing miniatures. 

As nests are usually built in shady places 
the lens should have a maximum aperture 
of at least / 4-5. With a reflex camera taking 
quarter-plates or 6 x 6 cm. films, a lens of 
about 9 ins. focal length serves for most 
subjects. A telephoto lens of 14 or 17 ins. 
focal length is better for photographs of water- 
fowl like ducks, geese and grebes on the open 
water, and waders feeding on the shore at low 
tide. 

A 35 mm. camera should have a lens of at 
least 13-5 cm. focal length. For working very 
close up to the subject and for very small birds, 
an even longer focus lens is advisable, and if 
possible it should be fitted with a magnifying 
reflex attachment. 

A useful rule for close work of this sort is 
that the camera should be 1 foot away from 
the subject for every inch in the focal length of 



INSIDE THE HIDE. Hove method in the hide , know where oil 
equipment is placed so as Co get at it instantly. 
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the lens. So, to take a photograph of a thrush 
with a 6 ins. lens, the greatest distance which 
will give a reasonable picture is 6 feet. By this 
rule, a 2 ins. (S cm.) lens would have to be no 
more than 2 feet away. This is obviously too 
close for such photography and it explains 
why a fairly long focus lens is necessary. 
Exposure. It is good practice to base all expo- 
sures on a reliable meter reading. Most un- 
practised bird photographers are tempted to 
give short exposures because the subject is 
moving; many otherwise excellent pictures of 
birds feeding their young are spoiled by under- 
exposure. And the problem cannot be solved 
by using a wider lens aperture, because this 
reduces the available depth of field. In practice, 
a shutter speed of 1 /25th second can generally 
be used if the right instant is chosen for firing 
the shutter. At that speed, and with fast pan- 
chromatic material, the lens can be stopped 
down far enough to bring the nest and its sur- 
roundings into sharp focus. 

BIRDS IN THE OPEN 

Stalking birds with a camera in the open 
country is very much of a gamble; as a rule, 
the birds see the photographer long before he 
can come within photographing range. But 
most of the difficulties of this branch of bird 
photography can be overcome by attracting 
the birds with a suitable bait, particularly in 
winter when other food is scarce. 

Most small garden birds will come for kitchen 
scraps. 

The thrush species — field-fares, redwings, 
and mistle thrushes — can be tempted with 
wild berries. The berries should be collected 
in the autumn and saved until the birds have 
stripped the hedgerows. 

Large birds of prey like kites, buzzards, 
ravens and crows can be attracted by carrion 
such as a dead rabbit, pegged down to prevent 
it from being carried away. 

All these forms of baiting ensure that the 
bird will remain in one place long enough to 
be photographed. It is only necessary to set 
the camera up in a hide and wait for the sub- 



BIRD TABLE.The table is set-up outside window at the right 
height. Crumbs attract the birds for feeding. The camera is 
hidden behind a curtain with a hole for the lens. 



PYLON HIDE. To photograph birds in their nests in trees, pylon 
hides may have to be used. These moy be as high as 60 feet. 
Strong cables keep the structure steady. 

ject to appear. The hide should be erected 
several days in advance to give the birds time 
to get used to it. 

Equipment. Any camera used for photography 
from a hide should be supported on a very 
rigid and compact tripod, preferably fitted 
with a substantial universal head of the kind 
used for cine cameras. This type of head has a 
long control handle that allows the camera to 
be kept trained on moving subjects such as 
birds on the seashore or in flight. 

Exposure. The shutter speed to be used for 
birds in flight varies according to the direction 
of movement. A bird flying across the field of 
view and less than 20 feet away may need an 
exposure of 1/1000 second, but the same bird 
flying towards the camera could be photo- 
graphed with a much lower shutter speed. 

At the same time, the size of the bird has a 
bearing on the permissible shutter speed. As a 
rule, the smaller the bird, the faster it beats its 
wings and the higher the shutter speed needed. 

Both here and in America many wonderful 
shots have been obtained by using electronic 
flash to record the wing action of birds. The 
early methods used consisted of a flash giving 
an exposure of 1/10,000 second or even less. 
The light of such a flash is so intense that the 
lens can be stopped down to /36. This practi- 
cally cuts out the greatest percentage of day- 
light, giving a dead black background, but 
brilliantly lighting up the actual subject. Later 
efforts have shown that this enormous speed is 
not necessary; a larger aperture may tis used 
allowing a certain amount of daylight to be 
recorded on the background. When working 
from a hide it is not easy to judge the moment 
of exposure as the bird flashes past the small 
space covered by the lens; the slightest fraction 
of a second pause either way makes all the 
difference between success and failure. O.G.P. 

See also : Pets. 

Books: All About Taking Birds, by John War ham 
(London); Nature and Camera , by O. Q. Pike (London); 
The Technique of Bird Photography , by John War ham 
(London). 
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BITUMEN. General name of a group of 
mineral hydrocarbons. Only one form is of 
interest to photographers. This is the solid 
bitumen known as asphalt. 

BITUMEN GRAIN PROCESS. Early printing 
process from which present-day photogravure 
was developed. The copper plate on which the 
image is etched is first dusted over with finely 
separated grains of bitumen. The plate is then 
heated to make the grains adhere during the 
etching process which f ollows. 

A sheet of carbon tissue, exposed behind a 
positive transparency of the subject, is trans- 
ferred to the surface of the copper plate and 
“developed” with hot water as in the carbon 
process. The plate is then etched with ferric 
chloride beginning with strong and then suc- 
cessively weaker baths which attack the copper 
in proportion to the thickness of the developed 
gelatin print. After etching, the plate bears an 
impression of the image, deep in the shadows, 
and shallow in the highlights. This impression 
is covered with minute heterogeneous points of 
unetched copper where the surface has been 
protected by the grains of bitumen. 

When the plate is inked and wiped, these 
points prevent the wiping action from remov- 
ing the ink from the hollows forming the image. 
In this state, the inked image is printed by 
pressing it into contact with damped paper. 

The bitumen grain process lends itself to a 
number of methods of control in the hands of 
the artist or craftsman. For this reason it is 
still used for individual work and for limited 
editions of fine art reproduction. F.H.S. 

BLACK BODY. Theoretically perfect source 
of radiant energy. 

The conception of such a hypothetical 
reference source is found useful in stating the 
spectral composition of light, or, in photo- 
graphy, its colour temperature. 

When a solid substance is heated, it glows 
first dull red, then brighter red, and finally 
white. Discounting any light reflected from the 
surface, the energy distribution of the radiation 
emitted by the substance depends on the 
temperature to which it is heated. This is com- 
pletely true for a black body — i.e., one which 
reflects no light falling on it. 

In experimental physics such a black body is 
obtained by taking a hollow metal sphere and 
cutting a circular opening in one side. Owing to 
the shape of the body, all light entering the 
opening is absorbed inside the sphere and 
virtually none emerges again. This aperture is 
therefore black — i.e., the “black body” and on 
heating the sphere the light emerging is solely 
composed of radiant energy due to the heating. 

The spectral composition of any incandescent 
light source can be stated in terms of the tem- 
perature at which a black body emits rays of the 
same wavelength distribution. This temperature 


BLA 

is referred to as the colour temperature of the 
light. 

Apart from the above mentioned sphere 
there is no such thing as a perfectly black body; 
all substances reflect a certain amount of light 
which mixes with that emitted on heating. So 
the spectral composition of the light they emit 
is not absolutely proportional to their tem- 
perature. In many cases, however, the dis- 
crepancy is not serious. 

BLACKING. Many formulae have been pub- 
lished in the past for making up paints and 
dopes for blacking the inside of cameras, lens 
hoods and lens tubes, dark slides, and enlarger 
bellows. Nowadays, however, there are pre- 
parations available for a shilling or so that dry 
in a few minutes and leave behind a dull black 
anti-reflection coating. It is always easier and 
cheaper to use the ready-made product. 

The same holds for external blacking for 
which it is almost always better to use one of 
the brushing cellulose finishes than to try 
something home-made. 

Those photographers who make their own 
equipment and accessories, however, often 
need to blacken metal parts that have to be 
handled. In this case chemical blacking is often 
better than applying one or more coats of 
paint. The following methods will be found 
satisfactory: 

Brass. Make a solution of copper nitrate by 
dissolving 1 ounce of copper foil or turnings in 
2 ounces of nitric acid (in open air). Clean the 
brass with emery cloth and cover it with the 
solution for 2 minutes. Now lift the part out 
with a wire hook and hold it over a blue gas 
flame. In a few moments a fine black coating 
will cover the surface. Repeat the process 
several times to build up a thick enough 
coating. 

Al uminium . (1) The easiest way to blacken 
aluminium parts is to rub them bright with 
emery cloth, dip them in linseed or olive oil, 
and then heat in a gas flame to turn the oil 
into a film of black carbon. This type of finish 
tends to leave glazed patches and it does not 
stand up very well to handling. 

(2) A more robust finish can be given like 
this: dissolve 1 part of arsenious oxide and 1 
part of ferrous sulphate in 12 parts of con- 
centrated hydrochloric acid. Add the solution 
to an equal volume of water (do not add the 
water to the acid). Clean the part with emery 
and immerse in the solution until it turns black. 
Wash and dry. 

The finish can be given a gloss by rubbing 
lightly with linseed oil. 

Iron and Steel. Ferrous metals can be blackened 
in the same way as aluminium (2) above. 

BLACK LIGHT. Black light is the name for 
ultra-violet illumination when it is used to make 
objects visible in the dark. The objects are 
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treated with a dye or pigment which fluoresces 
under the ultra-violet radiation. 

The source consists of a mercury arc or other 
suitable light screened by a Alter (e.g., 
covered with a lacquer) which cuts out all the 
visible rays but allows the ultra-violet through. 

It is used in theatrical transformation scenes, 
and for publicity and advertising. 

See also: Fluorography; Ultra-violet photography. 

BLANCHARD BRUSH. Simple spreader tor 
applying liquid to a flat surface. It was used for 
coating plates in the collodion process. 

See also: Brushes. 

BLANQUART-EVRARD, LOUIS D£S[R£E, 
1802-72. French amateur photographer of 
Lyons. Improved the calotype process, intro- 
duced (1847) albumen development paper and 
founded iD Lille the first photographic pub- 
lishing house (1851). 

BLEACHING. Converting a silver image 
(negative or positive) into a more or less 
colourless silver compound, such as silver 
chloride, bromide, iodide, or complex salts 
containing chromates, ferrocyanides, etc., of 
other metals as well. Bleaching forms the 
initial stage of a large number of toning pro- 
cesses for transparencies and prints (where the 
additional metal compounds often produce the 
colour of the toned image); as well as of many 
intensification methods. Other applications of 
bleaching are in the formation of gelatin 
relief images and matrices for various control 
processes, and reversal processing of black and 
white or colour reversal materials. 

BLEACH-OUT PROCESS. This is a method 
for making drawings by going over a photo- 
graphic image in ink or pencil and afterwards 
removing the image by chemical bleaching. 
The photograph should preferably be a fairly 
pale print of a clearly outlined subject. The 
artist first draws over the outlines of the 
subject in either pencil or water-proof ink. 

Two baths are used in the bleach-out pro- 
cess. The first is the bleacher; it consists of 
flake iodine dissolved in a solution of potas- 
sium iodide (about 1 ounce of each to 5 ounces 
of water). The second is a normal fixing bath 
for prints; it may be acid or plain hypo. 

The print is first immersed in the bleacher 
until the image disappears. It is then rinsed in 
running water and transferred to the fixing 
bath. After some time, the slight discoloration 
clears and leaves the drawing on a white back- 
ground. The paper is then washed and dried. 

Line drawings for reproduction can be made 
easily and quickly by drawing over a blue print 
made from the photographic negative. When 
the composite image is photographed in the 
process camera, the blue does not reproduce. 

See also: Sketch photographs. 
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BLISTERS. Blemishes on negatives and prints 
caused by bubbles of gas or liquid trapped 
under the surface of the emulsion. The 
bubbles may be formed either in the emulsion 
layer or between the emulsion and the support. 
Blistering occurs for much the same reasons 
on films, plates and paper prints, and the 
cause can be diagnosed according to whether 
the blisters appear after development, fixing 
or washing. 

Blistering During Development. When plates 
are developed at a high temperature the gelatin 
may swell and leave the support. Where this 
happens around the edges, it causes frilling of 
the emulsion; where it happens inside the 
margins it causes blistering. This type of blister 
can be avoided by hardening the emulsion 
before development — e.g., with an alum 
hardening bath or a 10 per cent solution of 
formalin. Once formed the blisters may dis- 
appear if the material is immersed in methy- 
lated spirit after washing and then dried off 
normally. 

Blistering after Development. This is generally 
the result of transferring the sensitized material 
from a developer containing carbonate to a 
strongly acid stop bath or fixing bath. The 
resulting chemical action generates carbon 
dioxide which may collect in bubbles in the 
emulsion. Absence of hardener in the fixer 
or the use of a fixing bath much colder than 
the developer makes matters worse. 

The remedies are: to rinse the material 
thoroughly after development; to use a 
hardening and fixing bath; and to keep the 
temperatures of all baths within two or three 
degrees of each other. 

Blistering after Fixing. Water blisters may 
form on the surface of the material (more 
especially on prints) during washing imme- 
diately after being fixed in a strong fixing bath. 
The washing water penetrates the gelatin faster 
than the fixing solution can escape and detaches 
the emulsion from the support. Once the 
emulsion has been loosened in this way it is 
very difficult to get it to adhere after the water 
has dried out. Local damage to the emulsion 
— e.g., by creasing or handling with warm 
fingers — increases the likelihood of blisters. 

Paper that is carefully handled and fixed in 
a hardening fixer of the correct strength very 
rarely suffers from this cause. 

Blistering after Washing. Very cold washing 
water containing an excess of dissolved air (as 
most high pressure main supplies are likely to 
do) is another cause of blistering. I n this case 
the trouble appears after washing and results 
from air bubbles liberated from the water as 
it warms up to the temperature of the atmos- 
phere. 

The remedy here is to allow the water to 
stand for some time and then to wash in 
successive changes. 

Modem sensitized materials will stand a 
surprising amount of ill-treatment without 
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blistering, and if they are handled with normal 
care and processed according to the maker’s 
recommendations the risk of trouble on this 
score is negligible. F.P. 

See also: Faults. 

BLOCH, OLAF, 1872-1944. English emulsion 
chemist. Worked in the Research Laboratory 
of Ilford Ltd. Responsible for producing many 
of the new types of plates for modern scientific 
work, including spectrum photography, the 
recording of nuclear tracks, cosmic radiation 
and spectroscopy in high vacua. Received the 
Progress Medal of the Royal Photographic 
Society in 1929, and was President of the 
R.P.S. in 1931—3. The Olaf Bloch Memorial 
Award of the R.P.S. and the Institute of British 
Photographers was established in his memory. 

BLOCKING OUT. Painting out an unwanted 
background on a negative before printing. 
Mostly used for commercial photographs. 

See also: Retouching. 

BLOCKS. Name for mounted line and half- 
tone plates, and stereos and electros used for 
letterpress printing. 

See also: Photomechanical reproduction. 


BLOOMED LENS. Lens which has had one 
or more of its air /glass surfaces coated with a 
thin film of metallic fluoride to increase its 
light transmission, i.e., to reduce the amount 
of light lost by reflection. 

See also: Coated lens. 

BLOW UP. (Slang.) Expression sometimes 
used to describe the enlarging of a negative; 
can also refer to the enlargement itself. 

BLUE PRINT. Print made by the ferro- 
prussiate process. So named because it gives a 
white image on a blue ground. 

See also: Document photography. 

BLUR. Lack of definition in a negative or 
positive, caused by misfocusing or by move- 
ment of the image during exposure. 

See also: Faults. 

BODY RELEASE. Shutter release button or 
lever mounted on the body of a camera instead 
of on the actual shutter assembly. 

BOGISCH, A. 1857-1929. German chemist. 
Worked at the Hauff factory at Feuerbach, 
near Stuttgart. Discovered in 1893 the new 
developers metol, amidol, glycin, ortol. 


BOOKS ON PHOTOGRAPHY 


Books on photography are as old as photo- 
graphy itself; Daguerre’s own handbook on his 
technique was published in the same year as his 
invention. 

To-day the literature of photography would 
fill large libraries. The library of the Royal 
Photographic Society contains 6,000 volumes 
and it does not claim to be complete even in 
respect of publications in the English language. 

Only a very small proportion of these books 
consists of original works in the sense of con- 
taining information not available from alterna- 
tive sources. Just as in literature on other 
subjects there is a large amount of duplication, 
of mutual borrowing and of pretension to know- 
ledge. 

The ideal book on photography should have 
as its author a person of sound technological 
training, practical experience, methodical mind, 
writing ability and some visual imagination. 
Such authors are rare. Many books are 
written by people who lack these attributes and 
are either too young or too old for the task. 
Thereason for this is that experts of exceptional 
ability at the height of their career can seldom 
spare the time to pursue literary sidelines. 

There is, however, an effectively compensa- 
ting factor provided by the selective influence 
and the editorial resources of experienced 
publishers. It is by no means accidental that 


the best books on photography are published, 
in most countries, by a few specialist publishers, 
whose imprints serve as a reasonably reliable 
guide to the reading public. 

Elementary Textbooks. The average amateur 
rarely needs an extensive library, but any pur- 
poseful and satisfying photographic activity 
warrants the study of some elementary intro- 
duction to the subject to avoid the disappoint- 
ment of haphazard and accidental results. 
There are scores of elementary books on the 
market and the safest way of choosing among 
them is to be guided by the degree of their 
proven popularity. In view of its reprint record 
since its first publication W. D. Emanuel’s 
All-in-One Camera-Book appears at present 
to be the most widely read independent "first 
book’’ on photography in the English language. 

Manufacturers’ introductions to photography 
vary a great deal in size, scope and purpose. 
Their presentation is often more lavish than 
independent publishers’ products. Technically 
they are very reliable and authoritative within 
the limits defined by the individual manu- 
facturer’s interests and policies. 

Comprehensive Works. Books on photography 
suited to training professionals and serving 
other serious students are less numerous than 
they used to be. The older generation of 
authors who could command and transmit 
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encyclopedic surveys of photography as a whole 
is no longer with us and keeping their works up 
to date has proved an almost insuperable task. 
The last and most modem of this type of work, 
L. P. Clerc’s La Technique Photographique (in 
its English edition Photography — Thetry and 
Practice ) required the co-operation of eighteen 
specialist authors to accomplish an up-to-date 
revision. 

Attempts at replacing individual works of 
this order by comprehensive symposia assem- 
bled from the work of a number of experts 
suffer is a rule from serious editorial difficulties 
in co-ordinating the material across varying 
levels of outlook and methods of approach. 
The most satisfying volume of this type is the 
American Handbook of Photography by Keith 
Henney and Beverly Dudley. 

The British Manual of Photo Technique 
avoids the difficulties inherent in multi-author- 
ship by splitting up the subject into a series of 
smaller but self-contained volumes of which, so 
far, twelve have been published: H. J. Walls’ 
Photo-Technique, Arthur Cox’s Optics, R. H. 
Cricks’s Illumination, W. F. Berg’s Exposure, 
C. I. Jacobson’s Developing and Enlarging, 

O. R. Croy’s Retouching, J. H. Coote’s 
Colour Prints, C. L. Thomson’s Colour Films, 

P. Jenkins’ Colour Separation Negatives, 
K. C. M. Symons’ Stereo Photography, L. 
Lobel’s and M. Dubois’ Sensitometry. 

Special Techniques. The application to definite 
subjects like portraiture, scenery, natural his- 
tory, etc., is covered by many useful books. In 
these fields of specialization the reader has a 
reasonable chance of finding the book he wants 
by basing his choice on the author’s reputation 
or on his skill as a photographer as evidenced 
in his illustrations. 

When selecting a book on special techniques 
— e.g. lighting, photomicrography, medical 
photography, etc. — the frequency of its re- 
issue is perhaps the most truthful guide to its 
reliability and completeness. No sizable work 
of this kind can hope to be entirely free of mis- 
prints or omissions at its first publication and 
so if there is a comparable choice between a 
book that is well established and one where the 
merit appears to lie in novelty, the established 
work is likely to be preferable provided the date 
of its last re-editing is reasonably recent. 

Books which purport to pass on the secrets 
of photography as an Art form are now less 
frequently published than in the past. They 
have, in fact, never been particularly successful; 
the technically minded reader may be eternally 
thirsting for further knowledge but people with 
predominantly artistic interests are apt to be too 
individual to wish to follow someone else’s 
approach, particularly from books. 

The advent of several high performance 
cameras during the last few decades has also 
led to the appearance of some fairly ambitious 
volumes which serve as complete textbooks 
based on the techniques of the particular 
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camera and its accessories. The genuine use- 
fulness of such works is beyond doubt when 
they are devoted to sufficiently mature instru- 
ments and their authors are in the position to 
pass on specific and independent information. 
This is, however, by no means always the case. 
Some manufacturers are quick to encourage 
any further addition to the literary background 
of their merchandise and so the potential reader 
is often faced with a bewildering assortment of 
competent technical advice, diluted journalistic 
hand-outs and glossy pictorial puffs. But here, 
as always, the buyer can safely let his choice be 
guided by the standing of the publisher, the 
reputation of the author, and the number of 
recent reprints of the work. 

General Reference Books. The tendency to 
specialize within a wide subject has become 
most marked in the scientific field. Almost the 
only modem book to offer a wide and yet 
penetrating view of the subject as a whole is 
The Theory of the Photographic Process by 
C. E. Kenneth Mees. This work is the product 
of a brilliant creative mind and mature experi- 
ence furnished with the resources available only 
to the research laboratories of a giant organi- 
zation for manufacturing photographic mater- 
ials. Scientific publications emanating f rom such 
centres are among the most authoritative and 
valuable contributions to the photographic 
libraries. 

We have today a young and very populous 
generation of scientists who record the results 
of their research in short papers on some nar- 
row sector of specific subjects rather than in 
self-contained monographs. The best all-over 
view of their work was presented periodically in 
the volumes of Progress in Photography, an 
international survey and summary which is 
now replaced by the quarterly Perspective. 

Among general reference books offering a 
wide variety of photographic data the American 
Photo-Lab Index is the most ambitious and 
correspondingly elaborate publication. Leading 
manufacturers of photograhic materials in 
Great Britain, U.S.A., Germany, Belgium, etc., 
publish their own data books which offer the 
advantage of the most authentic and up-to-date 
information on their own products. 

Amongst annual publications of reference the 
British Journal Photographic Almanac (first 
published for the year 1860) holds undisputed 
seniority and is known all over the world, chiefly 
among professionals. The Photo-Amateur's 
Pocketbook is for more popular use. 

Trade directories are provided in Great 
Britain by The Photographic Dealer’s Pocket- 
book and in the U.S.A. by The Photo-Dealer’s 
Directory. 

Pictorial Collections. Pictorial annuals are 
found in every country but only few of them 
stay. They are expensive to produce and so have 
to rely on the fickle support of advertisers. 
Among the best known are the British Photo- 
graphy Year Book and the U.S. Camera, both 
representing a revitalized pictorialism following 
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patterns of contemporary illustrative and com- 
mercial photography. The traditional outlook 
of the Salon photographer has its long estab- 
lished annual in P holograms of the Year. 

Books by photographers are not necessarily 
on photography and their success or otherwise 
is no indication of their importance to readers 
on photographic matters. Cecil Beaton’s semi- 
autobiographical books, for example, have never 
failed to attract a public, but this has little to do 
with the fact that their author happens to be a 
photographer, among other things. 

Fine volumes devoted to the work of individ- 
ual photographers are a publisher's nightmare. 
They are gladly looked at but, alas, rarely 
bought — unless they are devoted to some 
specific subject which commands attention in 
its own right. 

Inexpensive Publications. Photographic pub- 
lishing has its “paper backs” and their impact 
is equally impressive. For a few pennies these 


little books provide straightforward answers to 
practically any problem “the man in the street” 
using a camera may encounter. Their influence 
in recent years has been responsible for turning 
millions of snapshotters into enthusiastic and 
reasonably successful amateur photographers. 
For these millions the Focal Photo Guides 
and other series fashioned on their example act 
as an unfailing source of commonsense inform- 
ation and assistance. 

The Camera Guides are a closely related 
type of publication. These books have im- 
proved on the function of the manufacturers’ 
instruction literature about specific cameras by 
being more informative, sometimes more 
clearly written and certainly more impartial 
when it comes to dealing with the limitations as 
well as the scope of the camera in question. 
They are constantly kept up-to-date. A.K.-K. 

See also: Literature on photography; Periodicals ; Training 
for photography. 


BOOM LIGHT. Light source attached to the 
end of an adjustable boom to give it a wider 
range of movement than is possible with a 
simple telescopic stand. 

See also: Light supports. 

BORAX. Sodium tetraborate, weak alkali in 
fine-grain developers. 

Formula and molecular weight: Na,B 4 0,. 
10H,O; 381. 

Characteristics : White crystals o r cry stalline 
powder. 

Solubility: Slightly soluble in water at room 
temperature; fairly soluble in hot water. 


BORDER. Margin of the print, which may 
be left white, printed black, or treated in a 
number of other ways to suit the subject. A 
white border is the most common. 

Sec also : Masks; Paper holder. 

BORIC ACID. Boracic acid. Used in harden- 
ing fixers containing potash alum — extends the 
hardening life of such fixers; also in certain 
buffered fine-grain developers. 

Formula and molecular weight: H,B0 3 ; 62. 

Characteristics: White crystalline powder. 

Solubility: Slightly soluble in water at room 
temperature. 
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Botanical photography is essentially con- 
cerned with making accurate records of plant 
life. In every branch of botanical study and 
experiment the camera supplements the note- 
book of the naturalist and scientist and it has 
therefore a very wide range of applications. The 
principal fields are: life histories of individual 
species, comparative studies, plant variation in 
relation to environment, plant structure. 
Subjects range from plants several feet high to 
microscopic grains of pollen, fungus spores 
and the like. 

In general there are three ways of photo- 
graphing plants: growing in their natural sur- 
roundings, complete in the laboratory, and 
dissected in the laboratory. Each class of 
photograph poses different problems and to 
some extent calls for different equipment The 
first two classes require normal photographic 
equipment, the third class usually involves 
photomacro- and micro-graphic apparatus. 
Equipment. Accurate detail in the final print is 
essential in such scientific records, and very 
often the negative will be printed as a lantern 


slide which will be greatly magnified in pro- 
jection. So in general the largest convenient 
plate camera is preferred — e.g., a quarter-plate 
or at least a 2J x 3J ins. stand type. There must 
in any case be provision for focusing by screen, 
and the camera must have a double extension 
for taking close-ups of small plants. A reflex 
camera is suitable so long as it has some means 
— e.g., extension tubes — of providing the 
necessary extension. And since focusing 
extremely close-up subjects is critical, a 
focusing magnifier is essential. There is very 
little need for a wide aperture lens in botanical 
photography because the normal practice is to 
stop well down — to /II or /16— to get the 
maximum depth of field. Occasionally, how- 
ever, it is convenient to be able to use differen- 
tial focusing to separate the subject from the 
background. There are times, too, in a wind, 
or if photographing an uprooted specimen 
that is wilting, when it is necessary to use a 
wide aperture and an instantaneous exposure. 
So the lens should have a maximum aperture 
of about /4-S. Colour materials are being 
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SPECIMENS IN THE FIELD. For a detail close-up of a plant 
set up the camera at the same level as the subject, ana arrange 
a background of ploin light grey paper behind the plont to be 
photographed. This also screens the plant against air movement. 

increasingly used for botanical records, making 
it necessary for lenses to be fully colour cor- 
rected. 

Ideally there should be a selection of lenses 
to cope with the wide variety of subjects and 
conditions — e.g., a normal lens for routine 
exposures; a long focus lens to give a big 
image with good perspective of small subjects in 
situ ; a short focus lens for macro-scale photo- 
graphy of small thin objects where perspective 
is unimportant, such as for sections; a wide 
angle lens for confined situations, and a tele- 
photo lens for distant shots of inaccessible 
specimens. If only a single alternative is per- 
missible, it should be a long focus lens giving 
about one and a half times the image size of 
the normal lens. 

Since time exposures are normal, a really 
rigid tripod is necessary. The tubular tele- 
scopic type used without the legs extended is 
generally satisfactory. In addition the tripod 
must be equipped with a tilting head which 
allows the camera to be pointed down at any 
angle including the vertical. A suitable tilting 
platform can be made from two pieces of 4 in. 
thick plywood hinged at one end to open and 
shut like a book. A length of slotted brass 
attached to one half engaging with a thumb- 
screw on the other enables it to be locked at 
any angle. One of the hinged pieces is attached 
to the top of the tripod and the camera is 
fastened to the other with a bolt screwed into 
he tripod bush. 

As far as possible, the tone values of the 
subject should be natural since the photograph 
is intended to give an accurate impression of 
the colours or their monochrome equivalent. 
Normally only a pale green correction filter 
should be used with medium speed panchroma- 
tic material. Where a contrast filter is used to 
emphasize certain features, the fact should 
always be noted on the print or included in the 
caption if the picture is published. 
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The most suitable form of sensitized material 
for exposures in the field is a medium speed or 
soft gradation panchromatic plate. In the 
laboratory — and in particular for macro and 
micro work — it is sometimes better to use a 
slow panchromatic plate for the sake of the 
crisper contrasts. 

Lighting. Where the subject is out in the open, 
daylight is the obvious form of lighting, but 
much botanical photography must be done in 
woods and forests or under hedges and banks — 
where the light is feeble and exposures would 
be unduly long. Under these circumstances it 
is better to rely on a lightweight portable 
electronic flash. This need not exceed 30 to 50 
joules because the subject will usually be 
small enough to be covered by a flash two or 
three feet away. Flash has the added advantages 
that it arrests any movement due to wind or 
wilting and can be directed from any angle to 
conform with the camera viewpoint. (If the sun 
shines from the wrong angle, the photographer 
may have to wait a long time for it to move 
around.) 

Where the weight of an electronic flash is a 
disadvantage, and only one or two exposures 
are contemplated, ordinary bulbflash may be 
used. 

Field Work. Some time is always spent in 
finding a specimen that is typical — not neces- 
sarily the largest. 

The main object of photographing a speci- 
men in the field is to show it in its natural sur- 
roundings, so there is no point in choosing a 
subject that happens to have taken root in 
uncharacteristic terrain. For the same reason 
the subject must not take up the whole of the 
picture space to the exclusion of the setting. 
Under these circumstances it is not always easy 
to emphasize the subject — e.g., by differential 
focusing or lighting — without giving an un- 
natural impression. Often the best compromise 
is to take two photographs: one a straight 
record of the plant in its setting, showing both 
sharp and in their normal tone values, and the 
other a close-up of the plant to show its 
details. Plants more than 6 ins. or so high 
are generally best shown close up against a 
plain background of light grey paper. 

Plants should always be photographed with 
the camera down on their level, and not looking 
down from normal eye level. White paper 
reflectors or a fill-in flash are generally neces- 
sary to light the lower surfaces of the plant 
because these receive little or no natural 
reflected light and are apt to come out solid 
black. 

In pictures of fungi it is important to show 
the underside of the cap, so one good specimen 
is always pulled up and laid alongside the 
others to show the gills or tubes. 

Laboratory Work. When a specimen is photo- 
graphed in the laboratory it is with the object 
of showing its shape, colouring, root develop- 
ment and general proportions. It is most con- 
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veniently photographed spread flat out with 
the camera looking down on it. In this case the 
specimen chosen should be a single complete 
growth, freshly dug up and with the earth 
washed out of the roots. The plant is then laid 
out on a clean glass plate supported hori- 
zontally above a plain sheet of neutral coloured 
paper. Both the plant and the background are 
lighted to give the required contrast — i.e., show- 
ing the specimen either darker or lighter than 
the background. 

Some specimens — delicate flowers and 
orchids in particular— start to wilt rapidly as 
soon as they are prepared for photographing, 
and the heat from normal electric lights makes 
matters worse. The result is that the specimen 
looks tired and, during a time exposure, leaves 
and petals may even show some movement. In 
such cases the answer is to use an electronic 
flash with a good reflector to fill in the shadows 
and, if possible, a second flash directed on to 
the background. 

The subject may also be photographed in 
daylight near a window with the background 
paper sloped to catch the light and a hand 
mirror used to reflect light into the shadows. 
Small Subjects. Much of the laboratory work is 
concerned with making records of dissected 
plants, seeds, pollens and such-like small sub- 
jects. Some plant sections are large enough to 
be taken by normal close-up photography, but 
cross-sections of flower stems, individual 
blooms, seed-pods and leaves call for macro- 
photographic techniques. Such pictures can, 
however, still be taken with the normal camera 
and lens equipment by adding extra extension 
tubes or bellows and using a short focus lens 
in place of the normal camera lens. 

Further down the scale of sizes there are the 
seeds, pollens and spores that call for photo- 
micrographic equipment. The technique here is 
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CAMEM ROSTRUM. For laboratory shots with simple apparatus 
the specimen is laid out on a glass plate above a plain back- 
ground. The camera is mounted squarely over the glass. 


simply normal photomicrography and differs 
in no other basic way. 

The photographer who has no special equip- 
ment for making highly magnified photo- 
graphs can, within limits, make do with his 
enlarger. It is a simple matter to substitute a 
mounted specimen for the negative in the 
enlarger and project it in darkness on to a plate 
laid emulsion side up on a black card on the 
enlarger baseboard. In this way enlargements 
can be made up to 20 x . The negative made in 
this way can be further enlarged, although the 
normal camera or enlarger lens cannot be 
expected to give results equal to those of a 
properly corrected microscope objective de- 
signed specially for this work. H.J.H. 

See also: Biology; Close-ups; Flowers; Garden; Macro- 
photography; Photomicrography. 

Book: Nature and Camera , by O. G. Pike (London). 


BOTTLES. Photographic solutions are most 
conveniently stored in glass bottles with 
rubber stoppers. Glass stoppers tend to stick 
unless they are greased regularly, and in the 
darkroom, grease on anything that has to be 
handled is a nuisance. Cork stoppers are 
unsafe because they are attacked by many 
photographic solutions. Concentrated acids 
that are usually stored in glass-stoppered 
bottles are not normally used in photography. 

Ribbed bottles are used for poisons, amber 
or brown for solutions that deteriorate under 
the action of the actinic rays, and clear glass 
for most other liquids. Concentrated developers 
are always sold in brown glass bottles. 

The commonest sizes — which are also the 
standard packs for commercial photographic 
solutions — are 10 ounce (284 cc.) or half-pint; 
20 ounce (568 cc.) or pint; 40 ounce (1,136 
cc.), or quart; and 80 ounce (2,272 cc.) or 
Winchester quart. 


The labels on bottles should be painted over 
with clear cellulose lacquer or covered with 
transparent tape to prevent them from being 
discoloured by the solution or washed off when 
the bottle is cleaned. 

See also: Stoppers. 

BOX CAMERA. The box camera is the 
simplest and cheapest type of camera. It is 
mainly intended for people who want to take 
snapshots in good light and who do not know 
— or want to know — a lot about photo- 
graphy. It is simply an oblong or square box 
fitted with a very elementary lens, shutter, 
and viewfinder, and some means of registering 
and winding a paper-backed roll film. 

The Body. The box itself is generally made of 
sheet metal, covered with leather or plastic. 
It is made to open so that the film can be 
inserted. There is one chamber to hold the full 
spool of film and another for the empty spool. 
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BOX CAMERA. Feed and take-up spools are o n each side of a 
cone, pulling the film across the rear opening. The front 
contains the lens, shutter, and a viewfinder. 

Between the two chambers the film is led be- 
hind a metal aperture that frames the picture 
area. A spring-loaded pressure plate fixed 
inside the back of the box keeps the film 
pressed fi at against the picture aperture. 

The film is transported by turning a key or 
knob on the outside of the box. There is a 
window — and sometimes two — located in the 
back of the camera through which the frame 
numbers on the paper backing of the film can 
be read when winding on from one frame to 
the next. This window has a red or green filter 
in it to stop active light from getting through to 
the film. 

Lens. The lens in the cheapest box cameras is 
made of a single meniscus-shaped piece of glass. 
It is not corrected for any of the aberrations 
and has a single fixed stop that confines the 
light rays to the centre of the lens and gives it 
an aperture between / 1 1 and / 1 6. Some of the 
better types have doublet lenses with a maxi- 
mum aperture of about / 8. 

The most usual type of lens fitted has only 
one fixed stop, but some have two or three 
stops consisting of holes in a movable plate in 
front of the lens. 

Some modern box models incorporate an 
exposure meter coupled to the lens aperture, 
so that the latter is automatically set by the 
prevailing light. 

Focusing. There is no means of focusing on a 
typical box camera; the lens is set at a fixed 
distance from the film to give reasonably sharp 
negatives of everything beyond about 7 feet 
from the camera. More expensive types focus 
down to 3 feet. To do this the lens is made to 
slide or screw outwards in its mount. 

Shutter. Box camera shutters are very simple 
affairs; they admit light to the film through a 
hole in a metal disc rotated by pressure on the 
shutter release lever. 

Nowadays the shutter incorporates a set of 
contacts to synchronize the firing of flash bulbs 
with the full open position of the shutter. 
Viewfinder. The viewfinder on the smallest 
box cameras is usually of the direct-vision 
type, either frame or optical and on larger 
sizes, are flex type. In such cameras the 
picture in the viewfinder is often the same size 
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as, or only slightly smaller than, the negative. 

In spite of its simplicity the box is capable 
of taking photographs of a high standard — 
very much higher in fact than it ever achieves 
in the hands of the average user. 

BOYLE, ROBERT, 1627-91. Irish scientist, 
son of first Earl of Cork. One of the founders 
of the Royal Society; became President in 
1680. Discoverer of the law (governing gases) 
which bears his name. Described the darkening 
of silver chloride when exposed to light, but 
attributed it to air. Devised a camera obscura. 

BRADY, MATTHEW B„ 1823-96. Ameri- 
can photographer. During the American Civil 
War (1861-65) be photographed thousands 
of war scenes which he also attempted from 
balloons, but with small success. Biography by 
Roy Meredith (New York, 1946). 

BRAGG, SIR WILLIAM HENRY, 1862- 
1942. British physicist. With his son. Sir 
William Laurence Bragg (bom 1890), received 
the Nobel Prize in 1915 for fundamental work 
in X-ray crystallography. 

BREW. (Slang.) Developer, usually home- 
made, of an unorthodox type, or more jocu- 
larly of uncertain age. 

BREWSTER, SIR DAVID, 1781-1868. Scottish 
scientist. Was a friend of Fox Talbot and 
introduced Hill to Adamson. The inventor 
of the refracting stereoscope, 1844, and of the 
twin lens stereo camera in which the distance 
between the two lenses equals the average 
inter-pupillary distance of the human eye 
(1849). This camera marked the beginning of 
stereoscopic photography. 

BREYER, ALBRECHT, 1812-76. German 
physician, bom in Berlin but living in Belgium. 
Invented in 1839 reflectography (Breyertypes), 
i.e., reflex copying by exposing a silver chloride 
paper through the back of the printed page, 
without a camera. His method was later per- 
fected in the Playertype and Manul processes. 

BRIEF EXPOSURE (B). Term for a time 
exposure in which the shutter remains open 
only while the shutter release is held down. 
Sometimes also called a bulb exposure. 

BRIGHTNESS RANGE. Term indicating the 
ratio of the brilliance of the extreme highlights 
to the darkest shadows of a scene or image. 

See also: Contrast; Contrast control; Exposure; Gamma. 

BRILLIANCE. Another name for luminosity, 
i.e., the intensity of light reflected from a 
surface (= incident light intensity x reflectivity 
of surface). 

BRILLIANT FINDER. Reflex viewfinder fitted 
to many cheap cameras. It has a plano- 
convex lens instead of a ground glass viewing 
screen. 
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Photography as we know it today represents 
a technological triumph whose foundations 
were laid by many men working in many lands, 
all driven by the same compelling purpose, 
with minds actively searching for ways and 
means of achieving that common aim and each 
quick to seize upon new ideas and new dis- 
coveries that might bear upon the problem. This 
is the British part of the story. 

Sensitized Materials. In 1802 there was pre- 
sented at the Royal Institution of Great Britain 
a paper entitled, An Account of a Method of 
Copying Paintings upon Glass and of Making 
Profiles by the Agency of Light upon Nitrate 
of Silver. Its authors were Thomas Wedg- 
wood, son of the famous Staffordshire potter, 
and Sir Humphry Davy, and in the work 
described they were following up the earlier 
experiments of J. H. Schulze who, a quarter of 
a century earlier, had produced simple patterns 
on chalk, made light-sensitive with silver nitrate, 
and contained in a bottle. As far as we know, 
Wedgwood and Davy produced the first light- 
sensitive surface firmly attached to a support. 
The process had very limited utility because of 
the impermanence of the record— no means were 
known by which the image could be stabilized — 
but it was the acorn from which the oak tree 
grew. 

Wedgwood had little opportunity to take his 
experiments further; he died in 1805. Davy 
turned his attention to other matters and for a 
time no further progress was made in this 
country. 

In France and elsewhere the daguerreotype 
did an enormous amount to stimulate public 
interest in these matters, but the next step in 
the straight line development of photographic 
techniques was again made by an Englishman, 
William Henry Fox Talbot, of Lacock Abbey in 
Wiltshire. Much has been written about the 
various dates on which Daguerre and Fox 
Talbot made their discoveries and published 
them, but the significant fact is that the dag- 
uerreotype, which made all the running at the 
beginning, was a branch development which by 
its nature could not fail to be superseded and 
eventually entirely eclipsed. 

Fox Talbot was a country gentleman with 
exceptionally wide interests and a mathemati- 
cian and botanist of great ability. While on 
holiday on Lake Como he attempted to make 
drawings with the help of the camera lucida 
and began to reconsider the use of the camera 
obscura which he had previously used for a 
like purpose. He wondered how he could make 
camera images permanent. On his return to 
England he began to experiment with paper 
treated with silver nitrate and found that paper 
treated first with sodium chloride and then 
bathed in silver nitrate was more sensitive to 
light. To render his results less fugitive, he 
“fixed” them in a strong solution of common 


salt or potassium iodide. It was not a com- 
pletely satisfactory method but it enabled him 
to make records which could be kept for 
examination at a later date. At first, like 
Wedgwood and Davy, he was dealing with 
shadowgraphs in which lights and darks were 
reversed. But from such a print, waxed to make 
the paper transparent, he was able to produce 
another with lights and darks reversed again, 
which reproduced the original subject exactly. 
So the negative-positive system of photography 
came into being. 

Wedgwood had tried without success to 
make camera pictures. Fox Talbot began his 
research in 1 834 and in 1 835 he succeeded in 
making a picture in the camera obscura — the 
famous Latticed Window of Lacock. In 1839 
he read a paper to the Royal Society in London 
entitled Some Account of the Art of Photogenic 
Drawing or the Process by which Natural 
Objects may be made to Delineate themselves 
without the Aid of the Artist’s Pencil. This 
paper appeared in the Proceedings of the Royal 
Society 1839. 

In 1841 Fox Talbot patented the calotype 
process which employed development of a 
latent image based on the developing action of 
gallic acid, and he followed up with another 
patent covering fixation with sodium thio- 
sulphate. But there were other inventors in the 
field at the same time. Gallic acid had been used 
by the Rev. J. B. Reade, a minister of the Church 
of England, as an accelerator before and during 
the exposure and he claimed also to have been 
the first (in 1837) to use sodium thiosulphate 
to fix the image. The fact that it was a good 
solvent of silver salts was discovered by Sir 
John Herschel in 1819 and he is generally 
given the credit for the introduction of hypo as 
a fixing agent. He also suggested the use of the 
terms negative and positive in connexion with 
the new process. 

In 1844 Fox Talbot began to publish The 
Pencil of Nature, a work in six parts contain- 
ing twenty-four calotypes. This was the first 
book to be illustrated with actual photographs. 
Here, then, was the practical process employing 
a camera exposure of reasonably short dura- 
tion, with development and fixation to give 
a stable negative image from which any 
number of positive copies could be made. 

It needed only the close attention of other 
minds for improvement to follow improvement 
and for photography to become the practical 
process which we know today. 

Paper is not a very good support for the 
negative material. It was clear that a trans- 
parent base such as glass would be better, but 
there had to be a medium in which the silver 
salts could be held and applied. Albumen had 
been used by Niepce de St. Victor, and collo- 
dion had been'suggested by Gustave le Gray in 
Paris, but the practical realization of the 
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collodion process must be credited to another 
Englishman, Frederick Scott Archer of Bishops 
Stortford, who published his method in 1851. 
Here was a process capable o f excellent results, 
but cumbersome in that the sensitization had to 
be done on the spot with development follow- 
ing immediately after exposure. This was 
known as the wet collodion process and it 
survives in a limited fashion to this day. Collo- 
dion dry plates were manufactured and sold at 
home and abroad by Dr. Hill Norris of 
Birmingham in 1 856, but they were very slow in 
speed. 

Dr. R. L. Maddox made the next great 
contribution. He used gelatin as the medium for 
the sensitive salts and described his experiments 
in a letter to the British Journal of Photography 
in 1871. The gelatin “dry” plates were faster 
than the wet plates and after exposure there 
was no need for immediate development. The 
latent image was reasonably stable. From that 
date progress has been rapid and continuous. 

Silver salts are naturally sensitive only to 
radiations at the blue end of the spectrum, so 
the early photographic emulsions were insensi- 
tive to yellow and red light. Then, in 1873, 
Herman Vogel, Professor of the Royal Indus- 
trial Academy, Berlin, discovered that a box of 
plates manufactured in England and containing 
a dyestuff to suppress halation had a band of 
sensitivity wider than the normal. It was some 
time before his observation was confirmed by 

E. Becquerel in 1874 and J. Waterhouse in 
1875 and even longer before sensitizers were 
found which did not adversely affect the emul- 
sion. Pioneer work in England was done by 
C. E. K. Mees and then by Sir William Pope and 
Professor W. H. Mills in conjunction with 

F. F. Renwick during the first World War when 
it was necessary to make good the loss of 
German supplies; later work by other British 
investigators resulted in the description of the 
merocyanines and in the general elucidation of 
the essential structure of all colour sensitizers. 
This was followed by new work on fog re- 
strainers, stabilizers and developers — work 
which has recently culminated in the discovery 
of Phenidone — phenylpyrazolidone. 

In the field of colour, Britain can claim the 
fundamental conception of the three-colour 
theory formulated by Clerk Maxwell, a Scot, 
and the first demonstration of successful addi- 
tive projection by him at the Royal Institution 
in 1861 when he reproduced, even though 
somewhat imperfectly, the colours of a piece of 
tartan ribbon. 

A great deal of work was done in Britain on 
the screen plate process by J. Joly, C. L. Finlay 
and others, leading to the use of the integral 
screen process for still and cine work. 

In subtractive colour processes, three-colour 
carbro was developed by the Autotype Com- 
pany and as a practical factory process under 
complete control in England by H. D. Murray, 
P. C. Bull and D. A. Spencer. One of the inte- 


gral tripack processes now available originated 
and was developed in Great Britain. 

The chemistry and physics of the processes of 
photographic emulsion-making are complicated 
and the principles have been elucidated only 
very slowly. In the same way the laws relating 
amount of exposure to the depth of image 
developed had to be discovered by patient 
experiment. The popular idea was that by 
varying the development, or by intensifying or 
reducing the image, tone relationships could 
be varied more or less at will. This concep- 
tion did not satisfy Dr. Ferdinand Hurter, a 
Swiss chemist working in England. He had 
been induced to take up photography by his 
friend, Vero C. Driffield, an English engineer. 
They began to examine the problem of photo- 
graphic sensitivity together, and the work 
became the classic example of brilliant research 
in the photographic field. On the 31st May, 
1890, they read their paper, Photochemical 
Investigations and a New Method of Deter- 
mination of the Sensitiveness of Photographic 
Plates , before the local section of the Society 
of Chemical Industry at Liverpool. After pre- 
liminary criticism this work was accepted and 
the H. & D. curve established as the guide to 
the behaviour of the photographic emulsion. 

The Support. Glass was a fairly adequate 
support, so long as the photographic material 
was required in flat sheets, and its rigidity makes 
it still the most suitable base for a number of 
important purposes today. Where flexibility 
was called for, it failed and was supplanted 
by cellulose nitrate. This material was first 
produced in Birmingham by Parkes and it 
made practicable the provision of sensitive 
material in roll form — although Eastman’s first 
roll film was in fact a gelatin emulsion on a 
paper base which was afterwards stripped. 

In the years 1888-90 William Friese-Greene, 
a fashionable London studio photographer, 
was using emulsion coated on strips of cellu- 
loid in his moving picture camera for which he 
took out the famous master patent in 1889; 
today, emulsion on film support has ousted 
glass from most fields other than graphic arts. 

Celluloid held the field for many years as the 
universal support for flexible film, but its 
inflammability led to continuous work on 
slow-buming or “safety” supports and by now 
it has been almost entirely displaced. 

For many years Britain lagged behind in the 
manufacture of film base, but just before the 
second World War a start was made by two 
British firms working in conjunction, which led 
to the production in this country of first-class 
film base in quantities commensurate with the 
requirements of the home market. 

Special Processes. Side by side with the main 
photographic process there developed other 
methods of making pictures by light, many of 
them being evolved or improved in Britain. 

In 1 839 Mungo Ponton of Edinburgh made a 
light-sensitive bichromate paper. Fox Talbot 
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knew of the work and realized that it was the 
size in the paper which was affected by the 
bichromate. By 1 852 he was using bichromated 
gelatin and albumen in important pioneer 
work in photo-engraving. 

In 1842 Sir John Herschel introduced the 
blue print or ferro-prussate process which 
depended on the reduction of ferric salts to the 
ferrous state. 

In 1864 Sir Joseph Wilson Swan introduced 
the first practical method of pigment printing. 
He coated glass with collodion and then with 
pigmented gelatin. After drying he stripped off 
the film from the glass. Later he coated his 
pigmented layer direct on paper. After sensi- 
tization with potassium bichromate and expo- 
sure the surface was coated with indiarubber 
solution and then the unhardened gelatin and 
the original paper support were washed away. 
Another transfer was then employed to bring 
the image the right way round. Improvements 
were made by J. R. Johnson in 1 868 and J. R. 
Sawyer in 1874. 

Carbro, in which the hardening is brought 
about by means of a chemical reaction between 
the pigment paper and a bromide print, was a 
development by H. F. Farmer of a technique 
introduced by T. Manly in 1905, following up 
his Ozotype paper of 1 899. The development of 
the three-colour carbro process has already 
been mentioned. 

In 1873 William Willis invented platino- 
type, a rapid printing-out material containing 
salts of iron and platinum in which ferric iron 
was reduced to the ferrous state by the action 
of light. It was developed by immersion in 
potassium oxalate when the ferrous salt brought 
about the reduction of the platinum salt to 
metal. In 1917 palladiotype, a variant, was 
introduced by the same company. 

In 1891 C. F. Cross, E. J. Be van and A. 
Green introduced the primuline process, the 
first of the diazo-dye printing processes. 

Eadweard Muybridge, whose series of photo- 
graphs of people and animals in motion con- 
stituted one of the first steps in the development 
of cinematography, worked in America but 
he himself was English. Other notable British 
pioneers in this field were Friese-Greene and 
R. W. Paul. 

Lenses. The achromatic lens was invented by 
an Englishman, W. Chester Moor Hall, in 
1733, who had a few telescopes made for his 
own pleasure but did not publish his discovery. 
John Dollond demonstrated an achromatic 
prism to the Royal Society in 1 758 and applied 
it to the construction of the telescope. W. H. 
Wollaston’s meniscus lens, devised in 1812, was 
used by Fox Talbot and by Daguerre. One of 
the most famous lens-making firms in England 
was founded in 1830 by Andrew Ross, an 
instrument maker skilled in optics and the 
making of microscopes and telescopes. His 
son, Thomas, in 1841 made a doublet of two 
cemented achromatic lenses, and Thomas 
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Davidson of Edinburgh made a symmetrical 
doublet the same year, but the intrinsic merits 
of these lenses were not appreciated at the time. 
Andrew Ross claimed to be the first to make 
achromatic single photographic lenses of two 
glasses only and he made for John Kibble of 
Glasgow a monster lens which had a clear 
aperture of 13 ins. and a focal length of 6 
feet The camera to which it was attached was 
mounted on wheels and drawn by a horse and 
it took a picture 36 x 44 ins. 

In 1857 Thomas Grubb patented an achro- 
matic meniscus lens, and in 1858 Thomas 
Sutton a symmetrical separated triplet. 

John Henry Dallmeyer had married the 
daughter of Andrew Ross and set up on his 
own account in 1839. In 1858 he made lenses 
for Thomas Skaife’s Pistolgraph camera, and in 
1 860 produced a rapid lens of the Petzval type 
which became known as the “baby” lens 
because it was so suitable for subjects in that 
class. In 1866 Dallmeyer patented an aplanat. 
H. L. Aldis came to him as a mathematician, 
so these three companies, Ross, Dallmeyer and 
Aldis, have long established associations. 

After the introduction of the new barium 
crown glasses of the Schott glass factory at 
Jena the firm of Ross went on to make a variety 
of famous lenses including the Ross-Goerz 
double anastigmat, the Homocentric, the 
Telerosand theXpres. In 1891, T. R. Dallmeyer 
had taken out the original patent for a tele- 
photo lens, and in 1899 the Adon lens was 
introduced. In 1919 they introduced the 
Dallon, and in 1 920 the Pentac. 

The firm of R. & J. Beck had produced an 
iris diaphragm for photographic lenses in 1 882 
and were actively engaged in photographic 
lens manufacture from then onwards. Beck 
also introduced the idea of using magnifiers 
in front of the lens with their Frena camera in 
1894. 

The biggest single English contribution to 
lens manufacture was undoubtedly the intro- 
duction by W. H. Dennis Taylor of the Cooke 
lens under patents taken out in 1893, 1895 and 
1898 while working for Cooke of York. It 
was made and marketed by Taylor, Taylor & 
Hobson. 

Cameras. In 1851 Richard Willats exhibited a 
portable collapsible camera at the Great 
Exhibition. It took pictures 8£ x 10£ ins. and 
collapsed to a depth of 4 ins. Up to 1875 
there was little enlarging, so plate sizes were 
large. Pockets must have been larger too, 
because in 1 855 the Photographic Journal 
carried an advertisement for a pocket camera 
taking a plate 5£ x 7 ins. and weighing 2 
pounds 6 ounces. 

Kinnear of Edinburgh introduced the 
bellows in 1 857 and “Kinnear pattern” became 
a popular description. 

Thomas Sutton introduced the first single 
lens reflex in 1861 and box cameras containing 
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magazines of plates were advertised in England 
from 1880 onwards. 

Melhuish and Spencer took out a patent for 
the first roll holder in 1 854 and in 1 888 Morgan 
and Kidds’ roller slide in its largest form took 
twenty-four exposures 12 x 15 ins. and 
weighed 5 pounds 1 2 ounces. 

The Frena camera of R. & J. Beck (1 892) took 
up to forty cut films and in the last years of 
the century we had the various detective 
cameras including the Walking Stick and the 
Demon. 

With the popularization of the celluloid roll 
film, development of simple cameras went 
rapidly ahead, Blair’s “folding Kamaret” 
having been probably the first of the folding 
cameras which have been such a marked feature 
of the present century. 

In recent years Britain has been noted mainly 
for the production of the simpler types of 
camera, in which it has a very large export 
trade, and for specialized types for the motion 
picture industry, for the services and for 
survey work. Recently there has been a revival 
of interest in the manufacture of the more 
expensive cameras. 

British lenses have always been held in 
high repute, but in the past it has been im- 
possible to obtain home-produced shutters of 
the better types in quantities at a competitive 
price. There are signs that the problem is being 
tackled energetically and in this connexion it 
is worth recording that the focal plane shutter 
was invented by William England in 1861 and 
reintroduced by B. J. Edwards in 1 879. 

Industry and Research. In 1873 Chapman of 
Manchester and Burgess of Peckham started 
small-scale production of gelatin dry plates. 
By 1876 plates for the trade were being pro- 
duced by the Liverpool Dry Plate Company 
and they were followed a few years later by 
Wratten & Wainwright and the Britannia 
Works Company, a private business founded 
by A. H. Harman who began to make plates 
in Ilford in 1879. In 1898 a public company was 
floated, known as the Britannia Works Com- 
pany (1898) Limited, to take over the Harman 
enterprise and in 1900 the name of this com- 
pany became Ilford Limited. It is interesting to 
note that in 1903 a proposal for the amalgama- 
tion of this company with Kodak was put 
forward and only narrowly defeated. The 
objectors held that it was important to main- 
tain a native photographic manufacturing 
industry with control residing in the country 
and the plan was dropped. In 1912 Eastman 
absorbed Wratten & Wainwright. The work of 
Sir Ivor Philipps brought the amalgamation of 
many of the smaller manufacturing companies 
with Ilford to completion in 1930. 

In the last twenty years Britain has changed 
f rom being the biggest importer of photographic 
materials to being the second largest exporter 
in the world. This success has been due first 
to continuity of effort. In Britain today there 


are companies with family names which were 
associated with the industry at the beginning. 
The name of Houghton goes back to 1 834 when 
Mr. George Houghton entered into partnership 
with Antoine Claudet to sell glass in High 
Holbora. Claudet knew Daguerre, and Hough- 
ton and Claudet became for two years the sole 
licensees for the daguerreotype. The President 
of the British Photographic Manufacturers 
Association at the time of writing is a direct 
descendant of that George Houghton. 

Secondly, the industry has had to face in- 
tense competition from abroad and that is 
stimulating. Thirdly, it has put an enormous 
amount of effort into photographic research 
and plant development. 

In England, we tend to favour the amateur 
approach in scientific investigation, as in sport. 
Certainly in photography many important 
advances were made by men for whom photo- 
graphy was a pursuit of leisure hours. Fox 
Talbot himself was led to make his experiments 
because he wanted to draw and had no skill in 
draughtsmanship. Maddox was a doctor and 
J. B. Reade a minister. Sir John Herschel was a 
man of outstanding scientific ability with a 
flair for investigational work. Hurter and 
Driffield were technical men who interested 
themselves in photography as a hobby. Sir W. 
Abney was an instructor in chemistry to the 
Royal Engineers at Chatham. 

In the manufacturing companies, research 
was at first very much an ad hoc affair and 
ingredients were added to emulsions simply to 
see what would happen. But when men like 
Sheppard, Mees and Renwick came along the 
position began to change. S. E. Sheppard and 
C. E. K. Mees were students at University 
College in 1900 under Sir William Ramsay, 
who suggested that they should repeat the work 
of Hurter and Driffield using improved appara- 
tus. In 1 903 the work gained for them the degree 
of B.Sc. by research. In 1903 they published 
joint papers on the theory of development in 
which the concept of gamma infinity first 
appeared. This collaboration went on until 1 906 
when Sheppard was awarded an 1851 Exhibi- 
tion Scholarship and went to Marburg to 
work with Karl Schaum on sensitizing dyes. 
The association was resumed in 1913 when he 
rejoined Mees in the new Eastman Research 
Laboratory at Rochester, U.S.A., where he 
worked at first on gelatin. Later he turned his 
attention to the structure and properties of 
silver halide emulsions in gelatin and went on 
to discover the natural sensitizer present in 
gelatin — allyl thiourea. 

Mees, who had joined Wratten and Wain- 
wright of Croydon in 1906, was invited by 
Eastman in 1912 to go to Rochester to direct 
the new laboratory. To enable him to go, 
Eastman acquired the Wratten and Wain- 
wright concern and the subsequent story of his 
career is the story of the Eastman Kodak 
Research Laboratory. In 1913 he was joined by 
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Capstaff, another research man of English birth. 

Frank Forster Renwick was active in the 
affairs of the Royal Photographic Society, 
being President (1927-9), and very largely 
responsible for the emergence of the Scientific 
and Technical Group in 1919 and for the birth 
of the Photographic Alliance. He was particu- 
larly interested in the work of the British 
Photographic Research Association, formed 
after the first World War and sponsored by the 
manufacturers and the Department of Scientific 
and Industrial Research to promote the idea of 
co-operative research into fundamental pro- 
blems. This Association did much useful work 
but came to an end after the amalgamation of 
a number of British companies to form the 
Ilford group. The Research Association Staff 
were largely absorbed into this group. 

Renwick was deeply interested in the work of 
Hurter and Driffield and made many contri- 
butions to the problem of tone reproduction. 
An early piece of work was the development 
with Ferguson and Benson of a special photo- 
meter for the measurement of photographic 
densities. He collaborated with Sir William 
Pope at Cambridge on sensitizers during the 
first World War. In 1922 he went to America, 
but by 1 925 he was back with his old company, 
where he began building up the Ilford Labora- 
tories with B. V. Storr and Olaf Bloch. 

The Kodak Laboratories at Harrow, backed 
by the resources of the Eastman organization, 
also played a worthy part on this side of the 
Atlantic in the great advance in fundamental 
knowledge and in its practical application to 
new products. 

Photographic Societies. An important factor 
in the development of photography in Britain 
is the interest in photographic clubs and 
societies, with the Royal Photographic Society 
at their head. Founded in 1853 at a meeting of 
the Royal Society of Arts as the Photographic 
Society of Great Britain, its first President was 
Sir Charles Locke Eastlake, who was also 
President of the Royal Academy and a painter 
of very considerable ability. Its founder and 
first secretary was Roger Fenton, famous for 
his pictures of the Crimea. In 1894, when 
Abney was President, it became the Royal 
Photographic Society of Great Britain, and 
ever since it has presented to the world a 
balanced conception of photography in all 
its aspects — aesthetic, scientific and learned. 

Linked with the Royal, in a way which leaves 
them free to conduct their own affairs and yet 
brings them all the advantages of association, 
are over 900 societies which comprise the 
Photographic Alliance. 

Publications. The English photographic press 
has been another big influence. The senior 
member is The Royal Photographic Society’s 
Photographic Journal, dating from 1853. Then 
follows The British Journal of Photography, 
the lineal descendant of The Liverpool Photo- 
graphic Journal, first published in 1854 and 


edited by a committee of that society. Three 
years afterwards it was acquired by Henry 
Greenwood and became The Liverpool and 
Manchester Journal. In 1859 it became The 
Photographic Journal and it acquired its 
present title in 1860. Other contemporary 
photographic magazines in Britain include the 
following: Photography, Photoguide Magazine, 
Amateur Photographer, Modern Camera Maga- 
zine, the Photographic Dealers’ Association’s 
Photographic Retailer, The Institute of British 
Photographers’ Record, Good Photography and 
the Amateur Cine World. 

Since the second World War, British books 
on photography have advanced into a leading 
position all over the world. They are read in 
larger numbers than books of any other origin 
and have been translated into more foreign 
languages than any other. British books have 
set patterns of approach to photographic sub- 
jects on almost every level which have stimu- 
lated foreign publishers far and wide. 

British Photographers. The work of the early 
British photographers is still held in high regard 
the world over. The first of these pioneers was a 
Scot, David Octavius Hill, bom at Perth in 
1802. He studied painting at Edinburgh under 
Andrew Wilson. In 1843 he set out to portray 
on one canvas the 470 personages present at 
the General Assembly at which the Free Church 
of Scotland was founded, and at the suggestion 
of Sir David Brewster he made use of the 
calotype for his portrait studies. His portraits 
are still recognized as masterpieces, simple in 
treatment and straightforward in pose, full of 
quiet and noble dignity. It is widely believed 
that the technical control was in the hands of 
Robert Adamson of Burnside, Scotland, a 
chemist who was taught the calotype process by 
his brother, a colleague of Sir David Brewster, 
a friend of Fox Talbot. 

The next was Roger Fenton, bom in 1819, 
a founder and first secretary of what is now the 
Royal Photographic Society. He is mainly 
remembered for his work in photographing 
the Crimean War in 1855, his pictures being 
reproduced as wood engravings in the Illus- 
trated London News. He was thus the first 
war photographer, although he was closely 
followed by others, notably Alexander Gardner 
of Paisley, Scotland, who went to America in 
1856 with details of the wet plate process and 
became photographer to the army of the 
Potomac 1861-5. 

The next landmark was the emergence of the 
composite picture which dominated the field 
for fourteen years. The development came about 
because of the impossibility with the collodion 
process of getting straight landscape negatives 
from which one could make prints with clouds 
showing in the skies. Then it came to be used 
as a means of making elaborate compositions 
with highly dramatic content. In England the 
phase began with the work of O. G. Rejlander, 
a Swede living in this country. For one 
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celebrated picture entitled The Two Ways of 
Life in the manner of a Renaissance painting, 
a composite picture 40 ins. in length which 
was exhibited at the Art Treasurers’ Exhibi- 
tion in Manchester in 1 857, he used more than 
thirty negatives. 

He was closely followed by Henry Peach 
Robinson, an artist who had distinguished him- 
self by having a painting hung in the Royal 
Academy when he was 21. In 1858 he produced 
Fading Away, a composite picture made from 
five negatives portraying the death of a young 
girl. The technical quality of the picture was 
unchallenged, but its good taste was questioned 
and the controversy no doubt helped to make 
the name of the artist who became a dominating 
figure in photography and retained this 
position for over forty years. During this 
time he issued annually for subscribers a series 
of large prints made for the most part by 
combination printing, the publication of 
which is said to have marked the high point of 
the photographic year. 

Mrs. Julia Margaret Cameron took up 
photography in the Isle of Wight in 1863, 
when she was 48. She knew many famous 
people and made them all sit for her. Her work 
is notable for the broad effects which gave 
character and greatness to her portraits. 

At this time the work of Colonel James Gale 
began to claim attention. Gale favoured prints 
made from 8 x 10 ins. negatives, very sharply 
focused, and so his prints lacked atmosphere; 
but his training as a draughtsman reflected 
itself in accuracy of tone reproduction. 

With the coming of the dry plate the number 
of photographers greatly increased. Representa- 
tive of this period is the work of Payne Jennings, 
B. Gay Wilkinson, J. B. B. Wellington and 
F. M. Sutcliffe. 

In 1888 appeared a book. Naturalistic 
Photography by Dr. P. H. Emerson, which 
had a tremendous influence on the photo- 
graphers of the day; it rejected handwork on 
prints and suggested that rules for composition 
were valueless. 

The new approach to pictorialism was first 
apparent in the work of George Davison, whose 
picture The Onion Field has been described 
as the inspiration of modem pictorial photo- 
graphy. Then came A. Horsley Hinton and 
Alexander Keighley who brought the technique 
of combination printing to perfection, perhaps 
with a little more artistry than was shown by 
some of their predecessors. Hinton’s influence 


was enormous, not only because of his pictures 
but also because of his prolific writing on 
photographic matters. Over a period of thirty 
years Keighley exhibited hundreds of pictures 
of exceptionally high standard and in a romantic 
rather than a naturalistic vein. His early work 
was of the English scene, but he is remembered 
especially for pictures made in France and 
Italy. 

With the formation in 1892 of the Linked 
Ring, pictorial photography in Great Britain 
arrived at its renaissance. Keighley, Horsley 
Hinton, H. P. Robinson and Davison were all 
concerned in its foundation, which came about 
because of the lack of encouragement which 
they found within the Photographic Society. 

Around about this time too the work of 
Craig Annan began to be noticed. A townsman, 
he loved the country and had a strong sym- 
pathy for the Dutch school of painting. It was 
his practice to make straight negatives and to 
make his reproductions by photogravure. Also 
prominent at this time was Charles Job. 

The next development concerned the intro- 
duction of the various printing processes in- 
volving control — e.g., gum-bichromate. Ori- 
ginating in France, these methods were taken 
up by Maskell, Mummery, Holcroft and Page 
Croft in this country. The platinum and gum 
processes followed and the multiple gum prints 
of Batkin of Birmingham became notable 
features of exhibitions from 1 903 to 1 9 1 1 . 

Developments i n America were closely 
followed in Britain. Stieglitz and Holland 
Day between them had a great deal to do with 
the founding of American pictorial photo- 
graphy and the work of both was well known 
in this country. Holland Day actually organized 
in London an exhibition of the new American 
School and on this occasion introduced his 
cousin, Alvin Langdon Cobum, who later 
worked and exhibited in Britain. 

The period of the gum print came to an end 
about 1911 although some workers, notably 
Harold Layton, continued to exhibit in this 
medium. 

The oil and bromoil methods came next and 
in this period mention must be made of the 
names of Bertram Cox, J. H. Gear and F. J. 
Mortimer, whose seascapes are still unsur- 
passed. Like Hinton, Mortimer’s influence went 
beyond his pictures. He was Secretary of the 
London Salon, editor of Photograms and of The 
Amateur Photographer. F. J. Mortimer was 
killed in the second World War. J.M. 


BRITISH BOARD OF FILM CENSORS. 
Statutory powers of film censorship in Great 
Britain are vested in the local authorities, who 
normally rely on the British Board of Film 
Censors to supervise the character of the films 
exhibited. The Board is an independent body, 
set up in 1912 on the initiative of the cinema 
industry. It views all films intended for public 


exhibition except newsreels. Three certificates 
are issued to approved films: “U” — “suitable 
for general exhibition’’; “A” — "more suitable 
for exhibition to adult audiences”; “X” — 
“suitable for adults only”. Children under 16 
are not admitted to “A” films unless accom- 
panied by a parent or bona fide guardian. They 
are excluded from performances of “X" films. 
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BRITISH FILM ACADEMY. Non-profit- 
making company first registered in 1947 with 
the object of maintaining' the quality and 
standards of British film making. 

Members are senior film makers and produc- 
tion executives elected by the Council. There 
are a limited number of Fellowships, and 
Associateship is open to people interested in 
the work of the Academy but not necessarily 
concerned professionally with film making. 
Patrons are companies and organizations 
which subscribe not less than fifty pounds a 
year to the funds. 

Weekly meetings are organized for members 
from September to June. At these meetings 
members are given viewings of outstanding or 
famous films, engage in technical discussions 
and hear prominent British and foreign film 
makers. 

The Academy publishes a quarterly Journal 
and has sponsored a number of books con- 
cerned with the history and technique of film 
making. 

There is a library of books and other publica- 
tions on the film, and an up-to-date collection 
of British film scripts. 

To the general public the most familiar 
evidence of the Academy’s existence is its 
annual list of awards. Five awards (bronzes) 
are given for the best films of the year, and five 
(plaques) for the best acting performances. 
There are also awards for British screen plays 
and for animated films. The awards are nor- 
mally presented at the premiere of a British 
film and the occasion always receives a great 
deal of press publicity. R.M. 


BRITISH FILM INSTITUTE. The British 
Film Institute was founded in 1934. In form 
it is a non-profit-making limited liability 
company, governed by a board whose members 
are appointed by the Lord President of the 
Council; its function, as defined by the Red- 
cliff e Committee in 1948, is “to encourage the 
development of the art of the film, to promote 
its use as a record of contemporary life and 
manners, and to foster public appreciation and 
study of it from those points of view.” 

One of the Institute’s most important func- 
tions is to maintain the National Film Archive, 
in which are preserved films selected from cur- 
rent production for their special artistic, 
historical, social or scientific interest. The 
National Film Archive is unique among Euro- 
pean film archives in having vaults (at Aston 
Clinton, in Buckinghamshire) specially con- 
structed for the preservation of films, under 
the supervision of a technical officer and labora- 
tory staff. The Archive is not a viewing library; 
but it maintains a large loan section, of some 
500 films. 

The National Film Theatre, opened in 1952, 
provides an admirable exhibition space for 
this and other material. It was constructed as 
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the Telekinema for the Festival of Britain, 
1951, and is specially equipped to show silent 
films at their proper speeds, as well as large- 
screen television and stereoscopic films. Its 
programmes present a steady repertory of 
acknowledged film masterpieces, as well as 
series devoted to the work of outstanding 
actors and directors, or to significant trends 
in the cinema. 

With the object of raising the standards of 
the intelligent filmgoer, the Institute organizes 
a lecture service and arranges various schools 
and courses. 

The Institute has also pioneered in intro- 
ducing film appreciation and practical film- 
making into school curricula, and given sup- 
port to the Film Society Movement. 

For its own membership, the Institute pro- 
vides more specialized services — a small cinema 
theatre for private viewings in London, an 
extensive book library, and a stills library of 
over 80,000 photographs. It offers an informa- 
tion service, and publishes two regular journals: 
Sight and Sound, a quarterly miscellany of 
topical writing on the film, and The Monthly 
Film Bulletin, a review of all current produc- 
tions, as well as a variety of occasional pam- 
phlets. 

The Institute has currently approximately 
22,000 associate members and 6,000 full 
members. The headquarters and offices are in 
London. J.D.F. 

BRITISH KINEMATOGRAPH SOCIETY. 
The British Kinematograph Society was 
founded in 1931 to encourage and further the 
scientific and technical aspects of kinemato- 
graphy and its allied arts and sciences. 

There are five grades of membership, namely, 
fellows, corporate members, associate members, 
associates and students. 

Membership is open to those gainfully occu- 
pied in the kinematograph industry or an allied 
or contributory industry, to those who, with the 
intention of entering the industry, are under- 
going an approved course or serving under an 
approved apprenticeship scheme, and to those 
who, although not gainfully occupied in the 
industry, can establish the satisfactory use of 
kinematographic processes for professional, 
scientific, educational or artistic purposes. 

Within the Society four Divisions operate, 
representing the theatre, film production, 
16 mm. film and television. Each Division has 
an elected committee. 

This organization affords means through its 
various channels for disseminating information 
on film production and exhibition, including 
television production as related to film and 
large screen reproduction. 

The Society has representatives in India, 
Italy (both Rome and Milan), Denmark, South 
Africa, Australia, Holland, Sweden, Argentina, 
Japan and Brazil, and through these agencies 
promotes the interchange of technical 
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information. The Society works in close liaison 
with kindred societies in the U.S.A. 

The affairs of the Society are administered by 
a Council of which a proportion is elected 
annually. Five Officers, of which the President 
is chief, are vested with executive powers. In 
addition to the Divisional Committees, Theatre, 
Film Production, 16 mm. Film and Television, 
business committees are appointed annually to 
be responsible for the work connected with 
Publications, Education, International Rela- 
tions, Papers, Fellowship, Membership and 
Branches. 

The Society and its Divisions hold monthly 
meetings in the winter season and organize part- 
time courses for laboratory technicians and 
theatre engineers. 

British Kinematography, the Society’s journal, 
is published monthly. 

BRITISH PHOTOGRAPHIC MANUFAC- 
TURERS ASSOCIATION. National associa- 
tion of manufacturers of photographic appara- 
tus and materials which was incorporated in 
1916 as a company limited by guarantee and 
not having a share capital. 

The primary objects of the association are to 
organize, promote and protect the rights and 
interests of members of the association and to 
foster the development of the British photo- 
graphic trade generally; it also facilitates the 
interchange by members of the association of 
their views on matters of common interest and 
promotes the consideration and discussion of 
all questions affecting the industry. 

The association is regarded as the represen- 
tative organization for British photographic 
manufacturers. It maintains close contact with 
government departments and is consulted on 
matters of general interest to the industry. 

Contact is also maintained with kindred 
trade associations with a view to consultation 
and joint action wherever it is in their common 
interest. 

The affairs of the association are conducted 
by a council, the members of which serve in an 
honorary capacity and are elected annually by 
the general body of members. 

BROKEN NEGATIVES. If the glass of a 
negative is cracked but the emulsion film is 
undamaged, the trouble can be remedied by 
transferring the emulsion to another support. 

See also: Faults; Stripping. 

BROLOID PROCESS. One of the many 
variants of the basic carbro technique for 
building up a pigment Image on a bromide 
print. 

BROMETCHING. One method of preparing 
a bromide print so that the image assumes the 
texture of the support and looks something 
like an etching. The process involves over- 
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exposing and then over-developing the print. 

After washing, the print is exposed to the 
action of the etching solution (equal parts of 
25 per cent sodium chloride solution, 5 per 
cent potassium permanganate solution and 4 
per cent sulphuric acid solution in 20 to 30 
times the volume of water). Fresh batches of 
solution are applied until the highlights are 
clear, and the print is then washed well, fixed 
in fresh acid fixer and then given a final wash. 
The result is a bold image with particularly 
strong, pure blacks. 

See also : Sketch photographs. 

BROMIDE. Salt of hydrobromic acid. The 
principal bromides used in photography are 
silver bromide, ammonium bromide, potassium 
bromide. 

BROMIDE PAPER. Most popular type of 
development paper for enlarging. The sensitive 
salt with which the paper is coated is silver 
bromide usually with a small silver iodide 
content. 

See also : Papers. 

BROMIDE PENCILS. Special pencils once 
much used for working on bromide prints. 
They are made of crayon instead of graphite 
so that they will leave a matt finish to the work. 
The print must be either steamed or sprayed 
with artist’s fixatif after applying the pencil to 
prevent it from rubbing off. They are manu- 
factured in blue-black and brown-black tones. 
Nowadays most workers find retouching dyes 
easier to use. 

See also: Retouching. 

BROMOIL PROCESS. The bromoil process 
has largely replaced the former oil-pigment 
process because it can be applied equally to 
contact prints or enlargements. The print is 
made on the type of paper sold for bromoil 
work. It is then bleached — an operation which 
removes the black silver image but leaves it 
in a condition in which it will take up oil pig- 
ment applied with a brush. So the final image 
is formed by oil pigment of any colour the 
photographer chooses. 

Bleaching the Print. Prints for bromoil must 
be thoroughly fixed and washed. They should 
be dried and soaked in tepid water between 
75° F. and 80° F, from 20 to 40 minutes accord- 
ing to the instructions issued by the maker of 
the paper. 

There are several bleaching solutions. The 
following is satisfactory: — 

Stock solution A 

Copper chloride ty ounces 37-5 grams 

Sodium chloride 12 ounces 300 grams 

Hydrochloric acid 10 minims 0-5 ccm. 

Water 40 ounces 1,000 c.cm. 

Stock solution B 

Potassium bichromate 265 grains 15 grams 

Water 40 ounces 1,000 ccm. 
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The print is immersed in a bath consisting 
of equal parts of A and B and 2 parts of water. 
The solution is kept at a temperature of 65° F. 
to 75° F. When bleaching is complete, the print 
is washed until the yellow bichromate stain 
disappears, and it is then fixed in a plain hypo 
fixing bath (1 ounce hypo to 20 ounces water). 
It should be washed for about 20 minutes. 
Pigmenting may follow at once or the print 
may be dried and put to one side for pigmenting 
later. 

If the print has been dried, it must be soaked 
in water at a temperature of 75° F. for half 
an hour before pigmenting. 

Pigmenting. The wet bleached print is laid on 
a sheet of plate glass or similar smooth surface 
and the surface moisture is gently blotted off. 

The print is then “inked up” with one of the 
special greasy inks supplied fpr the process. 
The condition of the ink is important. If it is 
too hard it will not adhere to the print; if too 
soft it will adhere equally to highlights and 
shadows. Special thinning medium is available 
for bringing the ink to the required consis- 
tency. 

The ink is applied with a special flat bristle 
bromoil brush held vertically and dabbed 
gently over the surface. The art of bromoil is in 
the brush action — sometimes called hopping — 
and it must be acquired before the worker can 
achieve real control of the tones of the finished 
picture. 

The ideal method of working is for the 
gelatin to absorb the pigment gradually so 
that the image is gradually built up. Some 
parts of the print may be made darker than the 
original bromide and in others, action with a 
dry brush will remove the pigment and lighten 
the tone. 

Bromoil Transfer. By an extension of the pro- 
cess an impression of the inked image can be 
transferred by pressure to another base. 
Bromoil transfer, as it is termed, needs expert 
manipulation and a specially constructed 
press. The results have a delicate and recogniz- 
able character of their own. 

The bromoil print i s made as before described. 
Success will depend upon the choice of suitable 
inks and the paper upon which the work is 
done. The special papers made for the brom- 
oil process should be used. 

Generally a hard ink will transfer more 
easily and without the risk of spoiling the out- 
lines of the image. The print for transfer should 
be vigorous, and strongly inked if it is to 
transfer without loss of quality. Any control 
necessary is best done on the bromoil print 
before transfer. 

For transfer a specially designed press is 
used. The selected paper must have a slightly 
rough surface and be uncoated. The press 
generally consists of pressure rollers. It is 
important that the pressure be even and regular. 
If it is too heavy, the transfer is unsharp; if too 
light the transfer will not take place. The old 



BROMOfL PROCEDURE. I. Bleach bromide print ( should be 
made on paper without supercoating ). 2. W ash until all 
stain is discharged. 3. Fix in a plain fixing bath. 4. W ash 
thoroughly. 5. Place wet bleached print on a glass plate and 
blot off excess moisture with a damp cloth or cotton wool. 
6. Ink up with special bromoil brush and suitable greasy ink. 
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type office letter press has been used, as well 
as the roller type domestic ringer, but it will be 
necessary to experiment with such improvised 
equipment before attempting serious work. 

The transfer must take place while the print 
is still moist, but not too wet. The bromoil 
print and the paper, which should be larger 
than the print, are laid in contact. It is best 
to lower the transfer paper on to the print 
from one side as this avoids air being trapped 
between the two. Care must be taken not to 
move the two once they are together as the 
result would be a blurred image. 

The two papers are then passed through the 
press. The bromoil is gently pulled away from 
the transfer paper and if all has gone well the 
image will have been transferred. 

The image will be reversed left for right after 
the transfer. If this is a disadvantage it may be 
corrected by making the exposure through the 
back of the negative. This is quite easy when 
enlarging and should always be done when a 
transfer may be required. R.M.F. 

See also : Control p r r cesses: Pigment processes. 

Book: Bromoil and Transfer, by C. J. Syrr.es (London). 

BROWN, GEORGE EDWARD, 1872-1934. 
English chemist, writer and journalist. Editor 
of The British Journal of Photography and the 
B. J. Almanac from 1 906-34. 

\ 

BROWNIE. Trade name of the first of the 
simple, mass-produced box cameras — often 
indiscriminately applied in describing any make 
of simple camera. It was first manufactured by 
Kodak in 1900 and was responsible in a great 
measure for the spread of snapshot photo- 
graphy among the general public. 

BRUSH DEVELOPMENT. Development car- 
ried out by swabbing the solution on to the 
exposed material with a brush or mop — usually 
applied to prints too large to fit the available 
dishes. 

BRUSHES. The most suitable brushes for 
colouring, retouching and spotting are of the 
type used by artists. 

Apart from artist's brushes, photographers 
occasionally need convenient tools for spread- 
ing and coating solutions on to various sup- 
ports. 

Retouching Brushes. The best crushes for 
spotting and touchir. c ut small Dlemisnes are 
those manufactured .or minia.ure painting. 
These are known as "red sable” brushes and 
are available in a rar.ge of sizes. The lower the 
number stamped on the shank, the finer the 
brush. For spotting negatives a No. 00 is 
satisfactory while the slightly larger No. 0 is 
best for enlargements. For painting out small 
areas and outlining on the negative before 
blocking out, a No. i wa.cr coiour sabic is the 



BRUSH TYPES. Top: Retouching brushes. Usually these are 
very fine, but a thick brush can easily come to a point, too. 
Centre: Blanchard brush, consisting of a piece of fluffless 
material tied over the end of a piece of glass or plastic. 
Bottom: Buckle brush mode by pulling a ball of cotton wool 
into the end of a glass tube. A loop of wire holds the cotton wool 


right size, while laying broad washes calls for 
a No. 3, 4 or 5. 

When the point of a brush is marred by 
projecting hairs, the brush should be moistened, 
drawn to a point, and then lightly passed over 
the flame of a match. It is worth noting that 
the smallest brush does not necessarily give the 
finest point. 

Colour Brushes. Good quality artist's water 
colour brushes are the best for colouring prints 
and slides. The No. 1 size is suitable for colour- 
ing details. No. 3 for normal work on the print 
and for really broad washes, a No. 5 or larger 
will save time and give a more even result. 
Where a number of colours are being used on 
the same print, it is more economical to buy 
a set of quills, one for each colour, and use 
them as required on the end of a common 
shank. 

The tip of a good quality brush should spring 
straight again immediately after being bent by 
pressure on a flat surface. 

Blanchard Brush. The name for a spreader used 
for coating surfaces with a fluid medium, e.g., 
for applying the sensitizer to the paper base 
in the gum bichromate process. 

The brush is made by folding a piece of 
fluff less material over the end of a piece of glass 
or plastic about 2 ins. wide and securing it 
with a rubber band. Once used, the material 
is discarded and replaced by a fresh piece when 
the brush is used again. 
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Buckle Brush. This brush is made from a short 
length of glass tube, preferably shaped to a 
bell-mouth at one end. A loop of string is 
passed down the tube and a piece of cotton 
wool or sponge is caught in the loop. By tight- 
ening the string, the material is wedged into 
the end of the tube and can be used for various 
brushing or swabbing operations. 

Here again, when the material forming the 
head of the brush has served its purpose, it 
can be replaced by a clean piece. 

B.S.I. SPEED. System of rating the speed of 
sensitized materials laid down by the British 
Standards Institute in the British Standard No. 
1380:1947. The B.S.I. speed itself is based on 
measurement of a prescribed point of the 
characteristic curve, and carries the prefix 0 — 
e.g., 0500. 

In practice an arithmetic and a logarithmic 
exposure index number are used; the former 
is one-quarter the B.S.I. speed— e.g., 125 
in the above case — while the latter is a logarith- 
mic function of the speed and is expressed in 
degrees — e.g., 32°. Numerically B.S.I. speeds 
and exposure indices are identical with A.S.A. 
speeds and exposure indices. 

See also : Speed of sensitized materials. 

BUBBLES IN LENSES. Small bubbles some- 
times seen in the glass of a lens but which do 
not normally affect its performance. On some 
lenses, the bubbles are touched over with black- 
ing to minimize any light scatter. 

See also: Optical glass; Second-hand equipment. 

BUCKLE BRUSH. Swab holder for applying 
liquids, consisting of a ball of cotton wool 
wedged in the end of a tube. 

See also: Brushes. 

BUFFER. Alkaline salt of a weak acid which 
tends to maintain the necessary alkalinity of a 
developer in the presence of acids liberated by 


the action of the developer. Some typical 
examples are sodium carbonate, sodium meta- 
borate and sodium phosphate. 

See also: pH value. 

BULB EXPOSURE (B). Another term for a 
brief exposure — in which the shutter remains 
open only so long as the shutter release is held 
down. The word originated with the early 
pneumatic shutter release. 

BULB FITTING. Connector cap forming part 
of electric lamps secures the lamp in the holder 
and connects it to the electricity supply. The 
shape and size of the fitting varies with the 
type of lamp. 

See also: Lamp caps and fittings. 

BUNSEN, ROBERT, 1811-99. German Pro- 
fessor of Chemistry at Heidelberg Univer- 
sity. In collaboration with the English chemist, 
Henry (later Sir Henry) E. Roscoe, he dis- 
covered the Bunsen-Roscoe Law, sometimes 
called the law of photochemical reciprocity. 
With R. Kirchhoff, Bunsen laid the foundations 
of spectrum analysis in 1 860. Bunsen invented 
the “grease spot” photometer and introduced 
magnesium (ribbon) light (1859). 

BURGESS, JOHN. Dates unknown. English 
photographer. Improved Maddox’s silver 
bromide gelatin process and started small- 
scale commercial production of dry plates in 
1873. From 1880 also manufactured silver 
bromide paper. 

BUSCH, EMIL, 1 820-88. German optical 
manufacturer. Founded optical works in 
Rathenow which produced in 1857 the famous 
6 ins. and 7 ins. diameter lenses for cameras 
and in 1866 a 10 ins. diameter lens giving 
pictures 30 x 30 ins. with a focal length of 
34 ins. Busch also designed well-known com- 
bination lenses for portraits and landscapes. 
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CABINET SIZE PHOTOGRAPHS. Size 
commonly used in professional portrait photo- 
graphy. The mount measures 4i x 6J ins.; 
the size of the print varies between 4 x 5J 
and 4i x 6 ins. 

See also: Sizes and packings. 

CABLE RELEASE. Camera accessory used 
for releasing the shutter without touching the 
camera itself. It consists of a stiff wire inside a 
flexible outer casing similar to that of a Bowden 
cable but smaller in diameter. The casing 
carries a threaded nipple at one end to screw 
into a suitable socket on the camera shutter. 
The other end has a plunger which, ■ when 
depressed, releases the shutter. 

See also: Shutter releases. 

CADMIUM LAMP. Mercury vapour dis- 
charge lamp containing cadmium. This com- 
pensates for the complete absence of red in a 
mercury vapour discharge and thus produces a 
reasonably balanced spectral emission. 

CALGON. Proprietary name for sodium 
hexametaphosphate. It is used to soften hard 
water. 

CALLIER, ANDRE, 1877-1938. Belgian 
amateur physicist. Did valuable work on sensi- 
tometry and densitometry for which he received 
the Progress Medal of the Royal Photographic 
Society in 1915. Discovered that diffuse density 
differs from specular density by a factor Q 
(the Callier coefficient). 

CALLIER EFFECT. Selective scattering of 
light in an enlarger or similar optical system; 
first investigated by Andre Callier in 1909. 

In an enlarger the condenser is normally 
adjusted so that the light leaving it comes to a 
focus at the lens when there is no negative in 
the carrier. With a negative in the carrier, part 
of this light is scattered by the silver grains 


forming the image. So this part does not reach 
the enlarging lens. The highlights of the nega- 
tive, corresponding to the heaviest deposit of 
silver, scatter and lose most light; the clearer 
parts, corresponding to the shadows, scatter 
least. This accentuates the difference between 
the highlights and shadows and gives a print 
of higher contrast than if printed by contact. 

Because of the Callier effect, the density of 
an even image area on a photographic negative 
or transparency is greater when measured by 
directed light (specular density) than when 
measured by diffused light (diffuse density). 
In the former case the density is due to absorp- 
tion as well as scattering of light; in the latter 
case to absorption only. The ratio of specular 
to diffuse density is the Callier quotient or 
coefficient, and depends largely on the grain 
size of the image. 



CALLIER EFFECT . Left: In a condenser enlarger the directional 
light is preferentially scattered by the negative densities , 
increasing effective image contrast. Right;. In a diffuser 
enlarger all negative areas scatter equally. 

The effect is only noticeable when the light 
falling on each point of the negative is in the 
form of a bundle of more or less parallel rays, 
i.e., when a small light source and a condenser 
are used. When the light falling on the nega- 
tive is already diffused the contrast of the 
negative is reproduced in the print without 
extra emphasis. 
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CALOTYPE. (Talbotype). Original process 
f or making paper negatives in the camera. Not 
to be confused with collotype, which is a 
photomechanical reproduction process. Calo- 
type was patented by Fox Talbot in 1841. It 
had been claimed to have been discovered 
earlier by the Rev. J. B. Reade. 

The basic process employed iodized paper — 
i.e., any stout paper brushed over with a solu- 
tion of silver iodide and potassium iodide and 
allowed to dry. Before use the paper was treated 
with a solution consisting of silver nitrate, 
acetic acid and gallic acid crystals. The paper 
could then be exposed in the camera either wet 
or after drying, exposure being around five 
minutes at /8 in bright sunlight. After expo- 
sure, development was carried out in a silver 
nitrate and gallic acid solution similar to that 
used for preparing the iodized paper for 
exposure. It was then rinsed, fixed in a potas- 
sium bromide solution, washed and dried. The 
printing time of the resulting paper negative 
could be shortened by soaking it in oil to make 
it more translucent. 

After the introduction of the collodion pro- 
cess the calotype process soon became 
obsolete. 

See also: Discovery of photography; Obsolete printing 
processes. 

CAMERA. (Latin camera = a room.) Device 
for making a record of the image of an object 
formed when rays of light pass through a lens 
and fall on a flat surface. The essential parts of 
a camera are a chamber into which light can 
only be admitted by a lens, when a shutter 
is opened, to form an image on a layer of 
light-sensitive material. 

IJasIc Design. The simplest form of camera has 
no lens at all; light is admitted through a pin- 
hole and forms an inverted image on the sensi- 
tized material. The brilliance of the image is 
very low, however, and a pinhole camera 
calls for unduly long exposures in consequence. 
A lens allows more light to pass and makes it 
possible to use short exposures. 

The light passing through the lens is con- 
trolled in intensity by an adjustable diaphragm. 
A shutter is used to regulate the duration of 
the exposure. The diaphragm may be located 
in front of the lens, between its components, or 
just behind it. The shutter may be fitted in any 
of these positions or it may work immediately 
in front of the sensitized material. The shutter 
allows the light falling on the lens to pass 
through on to the sensitized material for 
periods of time as brief as 1/1000 of a second or 
less or for as long as required. 

Most cameras are made to take sensitized 
materials in the form of either films or plates. 
The camera has provision for holding these 
materials so that they can easily be changed or 
removed. 

The camera must also have some means for 
sighting so that the image of the subject to be 



CAMERA TYPES. The photographic camera evolved along a few 
basic lines, from which all current types are derived. Top: 
Box camera; the simplest form ( available for amateur use from 
the end of the nineteenth century) with its modern streamlined 
counterpart. Upper centre: Studio camera with variable 
bellows extension; giving rise to present-day technical, field, 
and press models as well as the amateur folding roll-film 
camera. Lower centre: Reflex camera, and modern twin- 
lens reflex and miniature single lens reflex with eye-level finder. 
Bottom: 35 mm. cine camera, with the 35 mm. precision 
miniature developed from an experimental camera for testing 
cine film, and provided with most advanced features. 
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photographed will fall in the required position 
on the sensitized material when the shutter 
opens. For this purpose, some cameras have a 
ground-glass focusing screen which can be 
fitted in place of the sensitized material; 
others have some form of viewfinder. 

Basic Types. Modern cameras, although follow- 
ing this elementary design, usually incorporate 
individual features which have led to the crea- 
tion of basic types, as follows: the sub-minia- 
ture, extremely small in both construction and 
film size; the miniature, slightly bigger than 
the sub-miniature and usually employing a 
range of accessories; the folding camera, 
medium size, folding into a compact form when 
not in use; the box camera, cheap and simple 
in construction; the reflex camera, any size, 
but embodying a special viewfinder system 
through which correct focusing can be accur- 
ately determined ; the plate camera, almost any 
size, but using plates instead of film. 

These different types may include further 
refinements which make the camera particu- 
larly suitable for specialized work — e.g., 
scientific research, photomechanical repro- 


CAM 

duction and even applications such as gunnery 
practice and underwater photography. 

Modem precision cameras are also available 
with comprehensive accessories designed to 
adapt the camera for specialized uses; the 
miniature camera is the most notable example. 

Sec also: Aircraft camera; Box camera: Camera history; 
Camera luclda; Camera manufacture; Camera obscura; 
Colour camera: Electroplane camera; E ye camera; Field 
camera; Folding camera; Miniature camera; Quick-fire 
camera; Panoramic camera; Photo finish camera; Pin- 
hole camera; Polypose camera; Portrait studio camera; 
Press camera; Process camera; Reflex camera; Schmidt 
camera; Spy camera; Stereoscopic camera; Sub-miniature 
camera ; Technical camera; Television camera; Under- 
water photography. 

Books: All About Cameras, by B. Alficri (London); 
Cameras, by W. D. Emanuel and A. Matheson (London). 

CAMERA GUIDES. Series of pocket books 
published by the Focal Press, each dealing with 
a well-established make of camera and 
its accessories. The pedigree, construction, 
method of use and scope of each camera is 
presented comprehensively, accurately and 
objectively, and new editions of each Guide 
are published to keep pace with improvements 
and new models. 


CAMERA HISTORY 


The invention of photography is generally 
ascribed to those experimenters who first 
succeeded in producing a permanent camera 
image. The development of the camera, how- 
ever, started considerably earlier though its 
application to photography had to wait until 
chemical knowledge had advanced sufficiently. 
The Camera Obscura. The photographic 
camera derives directly from the camera 
obscura. This was originally, as its name im- 
plies, literally a darkroom, with a tiny hole in 
the roof, wall, or window shutters through 
which the view outside was projected upside 
down on to the opposite wall, or a white 
screen placed opposite the hole. Its invention 
has been erroneously ascribed by various 
writers to Roger Bacon, Alberti, Leonardo da 
Vinci, and Giovanni Battista Porta. In fact it 
was described by the Arabian scholar Alhazen 
before 1039, i.e., about 250 years before Bacon. 
Since Alhazen’s account does not in any way 
imply that he divulges a novel observation, it 
may be assumed that this knowledge was fairly 
widespread amongst Arab scholars. 

In 1550, Gardano had fitted a bi-convex lens 
in the hole. In 1568 Daniel Barbaro recom- 
mended the addition of a diaphragm to sharpen 
the image, and in 1573 Danti suggested reflect- 
ing the images from a concave mirror to make 
them upright. 

After Porta had in 1558 recommended the use 
of the camera obscura as an aid to artists, 
various forms were evolved, including tents, 
cubicles carried on poles, and even small 
portable and, later on, pocket models. 


The portable reflex camera, with a mirror 
set at an angle of 45° to the lens, appears to be 
due to the mathematician Johann Sturm in 
1676. A further reduction in size, replacement 
of the ordinary spectacle lens by a lens com- 
bination fitted in a brass tube, and substitution 
of a ground glass for the sheet of oiled paper, 
made the various camera types illustrated by 
Johann Zahn in 1685 the forerunners of 
nineteenth century box and reflex cameras. 
The Photographic Camera. The evolution of the 
photographic camera in the nineteenth century 
— from the cumbersome apparatus needing a 
porter to the “detective” camera hidden in a 
walking-stick or a book — is in many ways 
analogous to that of the earlier drawing instru- 
ment. 

Nicephore Niepce was the first successfully 
to apply the camera obscura to photography 
(1826). One of his cameras incorporated an 
accordion-like square bellows and another 
variable iris diaphragms — prototypes of modern 
camera features. Also noteworthy is the fact 
that one of Niepce’s instruments was made of 
zinc. In order to observe the progress of the 
image during the long exposure Niepce made a 
little spy-hole in the camera box, which he 
plugged up. The same device was later used by 
Fox Talbot. 

The various lenses used by Niepce no longer 
exist, but from his letters it is known that 
W. H. Wollaston’s periscopic lens (a meniscus 
prism) which he bought from Chevalier in 
1 828 gave better all-round sharpness than any 
previous lens he had used. 
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DAGUERRE'S CAMERA. Made originally by Alphonse Giroux, 
the camera consisted of two boxes which slid inside each other 
for focusing the lens on the ground-glass screen at the back. A 
simple brass disc in front of the lens acted as a shutter. The 
plate size was 6} x 8} ins. ( i.e the original “ whole plate”). 
The lens was a Wollaston type achromatic lens with a focal 
length of IS ins., and an effective aperture off 14. 

Daguerreotype Cameras. The camera which 
became generally known by Daguerre’s name 
at the time the daguerreotype process was 
published in 1839 consisted of two boxes, the 
rear part with the ground-glass sliding within 
the front part containing the lens. Those which 
were made by Alphonse Giroux, a relative of 
Madame Daguerre’s who for a few months 
had a monopoly in the manufacture of these 
cameras, bear Giroux’s guarantee and seal 
and Daguerre’s signature. They are 1 2f ins. 
high, 144 ins. wide, 104 ins. long when closed, 
extending to 20 ins., for use with metal plates 
6i x 8i ins. and cost 400 francs (then £16). 
The camera was not patented however (except 
in England) and numerous similar and cheaper 
models were soon made by other firms all over 
the world. Daguerre’s design remained the 
standard type for several decades, both for 
studio and fieldwork. 

Most of these Giroux cameras were fitted 
with a Wollaston type achromatic meniscus 
prism of 1829 by Chevalier. The lens had a 
focal length of 1 5 ins. and was contained in a 
brass mount with a simple brass disc acting 
as shutter. The effective aperture of the lens 
was reduced to /14 by a 1J ins. stop fixed 
inside the lens tube, which gave great sharp- 
ness to the image. Since Chevalier could not 
produce the lenses quickly enough to meet the 
demand, some of the Giroux cameras were 
fitted with lenses made by Lerebours and other 
Parisian opticians. These latter lenses are of the 
plano-convex type, with a focal length of 16 
ins., and had an effective aperture of f\l. 

Under these circumstances it is not surpris- 
ing that for the first year or so exposures were 
20 to 30 minutes in full sunshine. In order to 
reduce exposures to a reasonable length it was 
soon evident that smaller cameras, fitted with 
lenses of short focus and wide aperture, were 
called for. Landscape and architectural photo- 
graphers, too, though less troubled by length 
of exposure, were eager to reduce the bulk 
of the apparatus, which in the daguerreotype 
process required, in addition to the camera, a 
plate box, iodizing box, mercury developing 


box, spirit lamp, and other paraphernalia, the 
total weight being 1 10 lbs. 

Baron Siguier in December, 1 839, introduced 
a cheaper and less bulky outfit in the form of a 
collapsible bellows camera. With the entire 
equipment, this could be packed inside a large 
box acting as carrying case. Siguier’s outfit 
weighed 35 continental pounds and occupied 
only one-third of the volume of Giroux’s 
though taking pictures the same size. Siguier 
also introduced the photographic tripod (pre- 
vious cameras were placed on some kind of 
solid stand or table), the ball-and-socket head 
and the darkroom tent. 

Chevalier’s “Photographe”, introduced in 
1840, was a wooden folding camera in which 
the long sides were made collapsible (after the 
lens-board and ground-glass had been removed) 
by being divided horizontally along the middle 
and hinged. The following year he supplied 
also half-plate and quarter-plate models of the 
usual rigid box type, fitted with a single (and 
later double) achromatic plano-convex lens. 

Buron, another Parisian instrument maker, 
introduced a quarter-plate camera with two 
lenses, one of 20 cm. (7| ins.) focal length for 
landscapes, and one of 8 cm. (34 ins.) focal 
length for portraits. In conjunction with one- 
eighth plates this was claimed to require only 
one minute exposure in full sunshine. In prac- 
tice, however, exposures were considerably 
longer and everyone objected to their grimaces, 
due to the direct sunshine, as being a far cry 
from the promised likeness of “the human face 
divine”. 

In the attempt to find a solution, Alexander 
S. Wolcott, a New York manufacturer of 
dental supplies, took out a U.S. patent for a 



CHEVALIER'S COLLAPSIBLE WOODEN CAMERA. The body is 
hinged in the middle and folds up sideways after removal of 
lens panel and focusing screen. 
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WOLCOTT'S MIRROR CAMERA. Patented in 1840, this camera 
had no lens, but instead formed the image by means of a large 
concave mirror at the rear. The image was reflected to the plate 
in f rent of the mirror. The plate holder was adjustable to allow 
for focusing the image. In the beginning this permitted expo- 
sures of 3-5 minutes (compared with an exposure of 20-30 
minutes with Daguerre's camera). 


acquired the exclusive rights for Wolcott’s 
camera in Britain, opened in London the first 
public studio in Europe. 

The general demand for a quick-acting por- 
trait lens prompted the Viennese mathematician. 
Professor J. Petzval, to compute one for Voigt- 
lander & Co., who designed a conical-shaped 
camera in conjunction with it. Both were intro- 
duced in January, 1841, and with them it was 
possible, even before methods of chemical 
acceleration had been devised, to take portraits 
in about a minute. The Voigtlander camera, 
which was made in two models, wood or brass, 
took circular pictures 9 cm. (3J ins.) in dia- 
meter. 

Petzval’s double combination lens had a large 
aperture (/ 3 -6) and a fairly short focal length 
of 1 5 cm. (6 ins.) giving excellent definition in 
the picture centre without the use of a stop. It 


mirror camera in May, 1 840. This wooden box 
had instead of the lens a large open front 
through which the light passed on to a 7 ins. 
concave mirror inside; this reflected the light 
and formed an image on the sensitized plate, 
which was fixed in the centre of the open front 
facing the mirror. This had the advantage of 
accepting more light, and the image was not 
reversed. The 12 ins. focal length mirror, 
however, limited the size of the portrait to 
2 sq. ins., and the image was slightly soft. 
Exposures indoors were at first 3 to 5 minutes, 
but, after chemical acceleration of the daguer- 
reotype plate had been invented, they • were 
reduced to 60-90 seconds. The mirror camera 
enabled Wolcott to open the world’s first public 
portrait studio, in New York in March, 1840. 
Twelve months later, Richard Beard, who had 
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VOIGTLANDER'S ALL-METAL CAMERA. This was introduced 
in 1841, and was fitted with a PeUvol lens of effective aperture 
f3-6, the fastest lens of its time. It took circular pictures 
Ins. in diameter, with exposures of around I minute. 




PETZVAL STUDIO CAMERA. One interesting feature is the 
monorail construction like an optical bench, used again a 
century later in modern technical cameras. 

was thus thirty times faster than the Chevalier 
and Lerebours lenses in the Giroux cameras. 
The lens, which was also made in various other 
focal lengths for use in ordinary daguerreotype 
cameras, revolutionized portrait photography 
and remained the most generally used lens 
type all over the world until the introduction of 
Paul Rudolph’s anastigmat by Zeiss in 1889. 
The Voigtlander and Wolcott cameras, on the 
other hand, were superseded as soon as the 
speeding up of the daguerreotype process by 
chemical methods had made the taking of 
larger portraits possible. 

Cameras for the Calotype. Fox Talbot had his 
first cameras constructed in 1834 by a local 
carpenter. To arrive at exposures of reason- 
able length, they were made very small at first, 
measuring no more than 2i x 2i ins., the 
picture area being I in. square. As they were 
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ARCHER'S CAMERA. This was designed far the wet collodion 
process and incorporated the equipment f or sensitizing the wet 
plates immediately before exposure. The image was focused on 
a ground-glass screen held in a frame which slid orwards and 
backwards on rails in the top of the body. Sleeves of black 
fabric at the sides enabled the operator to introduce his hands 
inside the camera to sensitize and process the plates. 

fitted with a 2 ins. fixed-focus microscope lens, 
the ground-glass could be dispensed with. To 
see how far the image had imprinted itself on 
the paper, Talbot had spy-holes made in the 
lens-board. His final camera design, like 
Niepce’s and Daguerre’s cameras, consisted of 
two boxes, the rear part sliding within the 
front box. 

Richard Willatts of London exhibited a 
portable camera of novel design at the Great 
Exhibition, 1851. Fitted with a conical expand- 
ing cloth body, it was a collapsible camera of 
great lightness, and though taking pictures 
8£ x 10 J ins. it was only 4 ins. deep when 
packed up. The back of the camera was mounted 
on a sliding plate which could be clamped at 
any distance from the lens, thus enabling the 
operator to use lenses of different focal length. 

In 1850 Marcus Sparling, Roger Fenton’s 
assistant during the Crimean War, designed 
the first magazine camera, which was exten- 
sively employed by amateurs in the British 
Army. Ten sheets of sensitized paper could be 
stored in separate holders in a kind of magazine, 
each sheet being dropped after exposure into a 
receptacle underneath the camera. 

In May, 1854, A. J. Melhuish and J. B. 
Spencer patented the first roll-film arrangement. 
The sensitive material (waxed paper) was 
rolled up on a spool, and after each exposure 
the paper was moved on and wound up on the 
receiving spool. The roll-holder was made in 
several sizes, the largest holding a roll for 
twelve pictures 12 x 15 ins., and it could be 
fitted to any camera. Frank Haes used the 
device for photographing animals in quick 
succession at the London Zoo in 1855 and 1856. 

About the same time, and apparently inde- 
pendently, Captain H. J. Barr of the Indian 
Service invented a system of fixing sheets of 
sensitized paper on a band of black calico, 
leaving a space about 2 ins. between each 
paper. The band was rolled up on to one spool 
and unwound on to another in the usual way. 


The exposed pictures were taken off the band 
and developed separately. This was easier than 
Melhuish’s and Spencer’s arrangement, in 
which the paper roll had to be marked for 
each picture and cut up before development. 
Cameras for Collodion Plates. Whilst the work 
of the professional portrait photographer was 
considerably eased by Archer’s collodion pro- 
cess (1 851— c. 1880) which provided a much 
faster sensitive material, to the landscape 
photographer the advantages of the process 
were almost outweighed by the colossal amount 
of equipment he had to take with him on his 
outings. As the plates had to be exposed and 
developed while the collodion was still moist, 
he needed — in addition to camera and tripod, 
and a choice of several lenses — a chest full of 
bottles containing chemicals for coating, 
sensitizing, developing, and fixing the glass 
negatives; a good supply of glass plates; a 
number of dishes, scales and weights; glass 
measures and funnels; a pail to fetch the 
rinsing water (and where there was none likely 
to be met with, the water itself!) and above all, 
a portable dark-tent in which all the chemical 
hocus-pocus took place. 

Many photographers therefore engaged a 
man as porter, or pushed a wheelbarrow or a 
small hand-cart containing all the equipment. 
The more successful could afford a carriage, 
which in some cases simply served to convey 
the photographer and his equipment to the 
scene; in others it was completely fitted up as a 
travelling darkroom. Roger Fenton took with 
him to the Crimean War a horse-drawn van 
rigged up as a darkroom and living and sleeping 
quarters. 

To obviate the need for a dark-tent, William 
Brown adapted in 1851 a camera designed by 
Frederick Scott Archer. This incorporated loose 
sleeves of black material through which the 
operator introduced his hands and head into 
the body of the camera, where he carried out 
the sensitizing and processing in a gutta-percha 
dish. During the exposure, the dish was dropped 
into a detachable chamber at the bottom of the 
camera. Light was admitted through a small 
yellow window in the top of the camera. 

This type was modified innumerable times 
for newer processes, and is father of the cameras 
still sometimes seen in use by old-fashioned 
tintype photographers at seaside resorts. 

In Newton’s camera, introduced the follow- 
ing year (1852), a chamber underneath the 
camera was divided into four compartments 
for the sensitizing bath, developing solution, 
rinsing water and fixing bath. The collodionized 
plate was attached to a rod which was moved 
along by rack and pinion and lowered into 
each of these compartments in turn. 

In his patent of June, 1851, Fox Talbot also 
suggested a camera containing a glass cell or 
chamber into which the chemicals were to be 
introduced through a funnel and drawn off at 
the bottom by a stopcock. The mere idea 
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seemed so fantastic to the photographic 
fraternity that it was dismissed as a joke, and 
Talbot’s camera never went beyond the speci- 
fication stage. 

Large Cameras. During the collodion period 
the camera became both larger and smaller — 
according to the purpose it was intended for. 
Realizing the possibilities of photography as 
an independent art medium (in the 1840’s 
photography had been largely in the hands of 
professionals whose main aim was to make a 
living out of daguerreotype portraiture) many 
amateurs took up the art and competed with 
each other in exhibitions. Naturally, the bigger 
pictures were more impressive and, as the slow 
albumen papers ruled out enlarging, the 
photographer had to use large plates from 
which he made contact prints. 

Thus 10 x 12 ins. and 12 x 16 ins. were 
quite ordinary plate sizes. Francis Frith took 
some of his Egyptian and Palestinian views on 
16 x 20 ins. plates. C. Thurston Thompson, 
the official photographer at the South Kensing- 
ton Museum, had a camera 39 ins. square by 
12 feet long. It ran on rails, and was first used 
in 1858 for reproducing the Raphael Cartoons, 
then at Hampton Court Palace, on glass plates 
36 ins. square. 

The largest camera before 1900 was made 
for John Kibble, a Glasgow amateur photo- 
grapher, in 1860. It was mounted on wheels 
and drawn by a horse and took 36 x 44 ins. 
glass plates, each weighing about 44 lbs. The 
London optician Andrew Ross constructed a 
special lens of 1 3 ins. diameter and focal length 
6 feet, at a cost of £170. 

Small Cameras. A contrast to this monster 
camera were the binocular stereoscopic cameras 
introduced in 1856, when a great demand arose 
for photographs to be viewed in Sir David 
Brewster’s stereoscope. These models took 
3 x 3J ins. pictures and had 5 ins. lenses, 
and so were the first camera type to take 
successful instantaneous pictures of live sub- 
jects. 

Realization of the new fields suddenly 
opened up by the binocular camera led to the 
construction of small cameras for taking 
single pictures. The first was Thomas Skaife’s 
“pistol” camera (June, 1856), using plates of 
about 1 J ins. in diameter. It had a spring 
shutter worked by rubber bands which were 
released by a trigger (hence “pistol”), and 
a 1 in. Dallmeyer combination portrait lens 
working at /II or / 1 -6 — one of the fastest 
lenses ever constructed. Similar designs fol- 
lowed in the next few years. 

Another miniature camera was Bertsch’s 
“chambre noire automatique” introduced in 
1860. It was of the fixed-focus variety (hence 
“automatic”); all objects beyond 40 feet were 
rendered sharp. This made a ground-glass un- 
necessary and, instead, Bertsch fixed a frame 
viewfinder and a spirit-level on top of his 4 
ins. square metal box, which took pictures 


2j x 2J ins. The camera was made for the wet 
collodion process, but could be adapted for 
albumen or dry collodion plates which were 
stored in a changing box. 

In 1864, the French engineer Dubroni intro- 
duced a small hand camera in which the sensi- 
tizing and developing of the plate were in fact 
carried out inside the camera body — a ruby 
glass globe contained in a box with apertures 
for the lens and for the introduction of the 
plate. Through a light-tight valve in another 
opening at the top the solution was introduced 
by means of a pipette, the camera then gently 
rocked to make it flow evenly over the plate, 
and the solution removed in the same way. The 
camera was made in five sizes, the smallest 
taking pictures 2 ins. square. 

Other ingenious small cameras included 
C. Piazzi Smyth’s model for photographing the 
interior of the Great Pyramid in 1865 and 



A WET-PLATE WORKER'S OUTFIT. This was a comparatively 
portable outfit and included, besides the camera and tripod, a 
dork-tent, a stool, and all the chemicals. 
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H. Cook’s opera glass camera. Smyth’s camera 
incorporated an ebonite silver nitrate sensitizing 
bath in which a 1 x 3 ins. plate (an ordinary 
microscope slide) was actually exposed through 
a 1 in. square window in one side of the bath. 
Cook’s version had one lens for focusing, with 
a ground-glass screen at the rear, and another 
for taking with an attached magazine for 50 
dry collodion plates. Piazzi Smyth stressed the 
advantages of the small negative over the larger, 
and described the process of enlarging the 
tiny plate. 

All these ingenious instruments were, how- 
ever, exceptions. The great majority of photo- 
graphers worked with big plate cameras, still 
mostly of the wooden box type. The lighter 
bellows camera began to establish itself only 
very slowly, as photographers found a big 
bellows extension not rigid enough for the long 
exposures needed. 

Multiple Cameras. In 1851 Antoine Claudet ex- 
hibited a multiplying camera which enabled the 
operator to obtain on one negative several 
miniature portraits, representing the same 
person in a different pose, or several people 
grouped together. The multiplying was per- 
formed by cross sliding motions of the dark 
slide by means of two racks. The resulting 
picture gives rather the effect of cinemato- 
graphic shots. 

Carte-de-visite photographers worked with a 
camera fitted with four identical lenses of short 
focus (4 J ins.); the camera interior was divided 
into four compartments, one for each lens. By 
exposing first one-half of the plate and then 
the other by means of a sliding plate-holder, 
eight small portraits could be taken on a plate 
8) x 10J ins. This facilitated the printing and 
multiplication of the small pictures, which 
were bought by the dozen by the sitter. 
Apparatus for the Gelatin Process. The gelatin 
dry plate which came into general use in 1 879- 
80 not only enormously simplified photo- 
graphic technique, but also revolutionized 
camera design, reducing the photographer’s 
equipment to approximately what it is today. 
The new negative material was fast enough for 
snapshots of moving objects, provided the 
cameras were small, quickly ready for action, 
and equipped with an instantaneous shutter. 
Manufacturers quickly fulfilled the new 
requirements, and during the 1880’s and 1890’s 
a mass of equipment of all shapes and mechan- 
isms flooded the market. 

Fast bromide paper had now made enlarg- 
ing feasible and so quarter-plate and 4x5 ins. 
hand cameras established themselves as the 
most popular sizes for amateurs in the Anglo- 
Saxon countries, the equivalent on the Con- 
tinent being the 9x12 cm. size. The charac- 
teristics of the new apparatus were compact- 
ness, simplicity in manipulation and light 
weight. In general, they can be classified into 
four main types: change-box cameras, maga- 
zine cameras, roll-film cameras, reflex cameras. 


(1) Change-box cameras contained glass 
plates or cut films, usually 12 in number, in a 
separate change-box attached to the camera. 
This permitted a changeover in daylight, and 
the box was usually fitted with an automatic 
counter indicating the number of exposures 
made. Each plate was contained in a separate 
sheath, and after exposure a fresh plate was 
lifted into a soft leather bag attached to the 
top of the box, gripped with the fingers, and 
then manipulated into the focal plane. The 
prototype of this kind of change-box seems to 
have been that patented by H. Cook in May 
1867 for use with his opera-glass camera. 

(2) The magazine camera stored a number of 
plates or cut films (12-40) in a magazine or 
chamber inside the camera body, the plate 
being changed after each exposure by some 
kind of mechanism, which differs in almost 
every camera model. 

In some magazine cameras the plates were 
contained in a grooved box, and dropped into 
position (or lifted up, as the case may be) by 
means of a rod with pincers through a slit in 
the camera. After exposure the plate was 
returned to its groove, and the next plate 
brought into position by a sliding movement of 
the magazine. In other magazine cameras, a 
dozen or more plates or cut films were stored 
in a chamber at the back of the apparatus. By 
various mechanisms, sometimes merely by 
shutting the camera (“shuttle magazine 
camera”) the exposed plate or film was dropped 
to the bottom of the camera, and the next one 
pushed forward into the focal plane by a spring 
at the back of the magazine. 

A magazine camera patented by Alfred 
Pumphrey in 1881, held separate pieces of 
coated film in frames. These were fixed by one 
edge to an endless band passing over two 
rollers, similar to the arrangement of pictures 
in a revolving stereoscope. By turning a knob, 



LUMIERE'S MAGAZINE CAMERA. This model carried a dozen 
dry plates or films in suitable frames inside the body. The 
foremost plate was always pressed into the focal plane by a 
spring at the rear, and dropped into a compartment below by a 
suitable mechanism after exposure. 


106 


CAM 



WARNERKE'S FOLDING ROLL-FILM CAMERA. The lens panel 
moved on a monorail-like sliding bracket with a stabilizing 
rail, and the back incorporated a draw-slide and focusing 
screen, as well as the film rollers and transport mechanism. 

a film was brought into a vertical position 
behind the lens; another tum moved on the 
exposed piece and the next frame came into 
place. In 1882, Pumphrey introduced a camera 
taking 100 sheets of 3£ x 4J ins. film. 

The “Frena" was the first hand camera to 
expose a pack of celluloid cut films, and 
was introduced in England in 1892. It held 
forty 3f x 4f ins. sheets which were notched 
and inserted in a holder like a pack of playing 
cards. 

(3) Roller-slides and roll-film cameras, 
which eventually superseded the change-box 
and magazine cameras, used flexible films 
instead of glass plates or cut films. The film 
was wound on two spools, the action of wind- 
ing up the exposed portion unwinding a fresh 
portion for the next exposure. Originally the 
film was in a separate box, the roller-slide, 
which was made in many sizes for attachment 
to almost any camera. George Eastman popu- 
larized this idea in 1 883 when he brought out 
his roller-slide attachment containing a paper 
roll coated with gelatin emulsion for 24 expo- 
sures. Three years later the roller-slide was 
loaded with nitrocellulose film for 48 exposures. 

The Walker/Eastman roller-slide came close 
to Wamerke’s of 1 875. This was a very modern- 
looking folding camera which extended on a 
monorail. 

The roll-film idea did not, however, become 
popular until much later when the growth of 
the amateur movement after 1880 created a 
demand and made mass production feasible, 
which brought down prices. Above all, the 
new D & P firms, which catered exclusively 
for the mass of amateurs unversed in photo- 
graphic technique, took over the processing of 
these awkward long bands of negative material. 


The camera which revolutionized photo- 
graphy in the 1890’s and gave the greatest 
stimulus to amateur photography was the 
Kodak, the first roll-film camera, brought out 
by Eastman in August, 1888. It was a simple 
small hand camera measuring only 6£ x 3£ 
x 3£ ins. and weighing 2 lb. 3 ozs. It incor- 
porated a roll of paper coated with a stripping 
emulsion on which 100 circular pictures 2£ ins. 
in diameter could be taken. (Nitrocellulose 
roll film was used after 1 889.) The camera had 
a rectilinear fixed-focus lens giving sharp 
definition of everything beyond 8 feet, one 
speed, and fixed stop. The apparatus was thus 
the embodiment of simplicity, and the price of 
25 dollars (then 5 guineas) was reasonable. 
The Kodak’s appeal to the amateur unversed 
in photography was enhanced by Eastman’s 
stipulation that the camera be sent back to the 
factory for developing and printing of the film. 
It was returned loaded with a new film, to- 
gether with 100 mounted prints, for a service 
fee of 10 dollars. Thus Eastman’s slogan “You 
press the button, we do the rest" was put 
into practice. 

(gjHE 4/odak 
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EASTMAN KODAK ROLL-FILM CAMERA. The first amateur 
snapshot camera, the Kodak brought photography to the masses, 
very largely due to the developing and printing service that 
went with it. The camera took a paper roll with a stripping 
emulsion ( later a celluloid film) and carried 100 exposures at 
one loading. It was also very simple to use : a fixed focus lens 
reproduced everything sharp from 8 feet to infinity, there was 
a single-speed shutter, and a single lens stop. When the film 
was finished, the camera could be sent back to the maker for 
reloading and processing of the exposed film. 
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(4) The single and twin-lens reflexcameras are 
classed as a separate group, for although they 
were variously made with change-box, maga- 
zine, or roll-film attachment, they are basically 
of different construction. 

The principle of reflecting the image with a 
45° mirror was already used in the camera 
obscura; the first to apply it to photography 
was Thomas Sutton, who patented his instru- 
ment in August, 1861. When making the expo- 
sure, the mirror was turned up by a handle. 
In 1888 S. D. McKellen patented the first reflex 
camera in which the mirror was automatically 
displaced during the exposure by being con- 
nected with a roller blind shutter. 

The “Cambier Bolton” introduced in 1898 
by W. Watson, London, made exposures 
automatically by pressing a button which 
raised the mirror and released the Thornton 
Pickard focal plane shutter. Speeds ranged 
from 1 /20 to 1 /1 000 second. 

R. & J. Beck constructed in February, 1880, 
the first twin-lens reflex camera. Both lenses 
were connected so that they focused simul- 
taneously. The camera was a quarter-plate and, 
except for the roller blind shutter attached to 
the taking lens, it does not seem to have 
differed in any respect from modem twin- 
lens reflex cameras. Large numbers of other 
makes followed. Ross & Co.’s “Dividend” 
(1891) was the most advanced in design. Two 
models were made: one for 48 exposure 
Eastman roll-film and the other with a change- 
box containing 12 plates. 

Pocket Cameras. Many of the cameras adver- 
tised as “pocket cameras” in fact were not. 
The first real pocket cameras for gelatin dry 
plates were Marion & Co.’s metal miniature 
camera of 1884 and the “Tom Thumb” pro- 
duced by Ford of New York about 1890. The 
external measurements of the latter were 
3J x 3i x 2£ ins. and it weighed 1\ ozs. The 
picture area was 2i ins. square. Like the Kodak, 
it was of the fixed-focus variety (everything 
beyond 8 feet was sharp) but it was made for 
plates, each in a separate plate holder. 

Eastman followed up his Kodak hand camera 
with a pocket model in 1895, measuring only 
2} x 2J x 3J ins., and weighing 7i ozs. 
Designed by Frank A. Brownell, this camera 
was the prototype of the “Brownie” class. 
It incorporated an important new feature, the 
daylight loading roll-film spool, taking a 
dozen li x 2 ins. pictures. In other respects, 
too, this camera pointed the way to modem 
camera design; it was made of aluminium, and 
the shutter was set and released by one button. 
Enlargements up to 12 x 15 ins. could be 
made from the negatives. Three years later 
Eastman effected a further improvement in 
compactness — the Folding Pocket Kodak, 
measuring 1J x 3( x 6J ins. This was a 
collapsible camera with bellows; when drawn 
out for use the lens-board was held rigid by 
struts. 


The “Blocknote” made by Gaumont of 
Paris and introduced in 1903 was a highly 
finished folding pocket camera fitted with 
either a Rapid Rectilinear, a Zeiss Protar or a 
Tessar lens with an aperture of /9-/6-8 
according to lens. The 41 x 6 ins. plates were 
carried in single dark slides. 

Freak Cameras. In January, 1881, Thomas 
Bolas designed for Scotland Yard a camera 
looking like a wooden box and another got up 
in the form of a book. These were the first of the 
so-called detective cameras. Manufacturers 
were quick to take up the idea and within a 
few years an absolute craze started for cameras 
disguised in the form of parcels, picnic baskets, 
or a Gladstone bag — “an alligator-skin travel- 
ling handbag of innocent appearance”. These 
were usually quarter-plate magazine cameras, 
but before long detective cameras degenerated 
into toys of little practical value, got up in the 
form of opera-glasses, field-glasses, revolvers, 
guns, books, watches, or concealed in purses, 
walking-sticks, hats, cravats, or beneath the 
waistcoat. The lenses of these cheap cameras 
were poor, the pictures too minute to be of 
any use, and, like their forerunners the eigh- 
teenth-century cameras obscuras, disguised in 
walking-sticks and in book form, they can 
hardly be regarded as proper equipment. They 
do, however, show a steady trend towards the 
miniature camera, which as a scientific pre- 
cision instrument did not arrive until 1924. A 
number of such ultra-small cameras have kept 
on appearing on the market up to the present 
day. Some were simple in design and scope, 
others reached a high standard of precision. 

As a contrast to the small cameras in the 
1890’s, Anderson of Chicago constructed the 
Mammoth camera in 1900. It took pictures 
4£ x 8 feet — more than three times the size of 
Kibble’s — and measured 9 feet high x 6 feet 
wide x 20 feet long when extended. The weight 
of the apparatus was 900 lbs. and, when the 
plate-holder was loaded, 1,400 lbs. Each glass 
plate, which had of course to be specially made 
and coated, cost £40, and the production of the 
print, £6 to £7. Two lenses had been specially 
designed for the Mammoth by Zeiss, one a 
wide-angle of 5£ feet focal length and the other 
a telescopic Rapid Rectilinear of 10 feet focal 
length. Obviously a camera this size needed 
special transport too: a railway truck 20 feet 
long pulled by a locomotive for long distances, 
and a furniture van for Chicago and district. 
The taking of a photograph required the 
services of fifteen men, and on the average an 
exposure of 2i minutes. Five gallons each of 
developing and fixing solutions were needed. 
The purpose of the camera: the Chicago & 
Alton Railroad Co. wanted giant photographs 
for the Paris Exhibition of its new luxury St. 
Louis express to be taken in one shot instead 
of being made up from several views. 

While the freaks in camera design — the out- 
size and sub-standard models — make very 
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amusing history, the majority of amateur 
photographers in the period J 880 to 1930 
worked with hand cameras or pocket cs nmras — 
to which were added in 1910 the vest pocket 
size. Practically all cameras were made of light- 
weight metal covered with black leather and 
were of the folding bellows type. 

The 35 mm. Miniature Camera. The increasing 
volume of production of 35 mm. film for the 
cinema industry made its use economic for 
still photography. A few cameras appeared at 
the beginning of the twentieth century, em- 
ploying this type of film. Examples were 
the Minnograph made by Levy-Roth of 
Berlin, taking 50 pictures 18 x 24 mm. on 
35 mm. cine film, and an American camera 
designed and constructed by George P. Smith 
of Missouri in 1912; this latter 35 mm. camera 
took pictures 1 in. wide and 1 J in. long on 
perforated cine film. 

In 1914 Oskar Barnack, a microscope 
designer employed by Leitz in Welzlar, Ger- 
many, constructed the prototype of the Leica. 
This was at first only lor his own use, in order 
to make test exposures on the small film he was 
using in a cine camera of his own construction. 
In 1924 Leitz put a modified form of this 
camera into production. The Leica of 1924 
had a focal plane shutter which was auto- 
matically tensioned by the film transport 
mechanism, and used 5-foot lengths of 35 mm. 
film in daylight cassettes. Later models in- 
corporated a coupled rangefinder for accurate 
focusing, and interchangeable lenses. The 
standard lens was a 5 cm. Elmar / 3 5, specially 
designed for the purpose by Prof. Dr. Berek. 
In fact, the resolving power of the Elmar was a 
long way in advance of the resolving power of 
the films of that day, and for many years the 
grain of the emulsion remained a serious prob- 
lem to all photographers using miniature 
cameras. The importance of the I eica lies in 
the fact that it raised the miniature camera to a 
precision instrument. With it the era of the 
true miniature began, though for several years 
professional photographers and serious ama- 
teurs considered it a toy. 

Soon other miniature cameras followed. 
Improvements in 35 mm. films and fine grain 
developers brought the quality of enlargements 
from miniature negatives on a par with those 
from larger picture sizes. In addition some of 
the makers of precision miniatures, from the 
Leica onwards, developed exclusive ranges of 
accessories and supplementary equipment to 
adapt the camera to every conceivable pur- 
pose, from amateur snapshooting to scientific 
photography. 

Candid Cameras. The 35 mm. miniature 
also proved popular for candid photography 
owing to its speed of operation. To permit 
even more rapid shooting, a few motorized 
miniatures also appeared. The most famous 
was first produced in 1936 and incorporated a 
spring motor. Pressing a button automatically 


exposed the picture, advanced the film and 
retensioned the shutter, permitting exposures 
at the rate of 8 per second. 

At the same time wide aperture lenses made 
the miniature suitable for photography in 
poor light conditions. This, however, was not 
confined to the 35 mm. camera. In 1924, the 
Ememann works, Dresden, brought out a 
4-5 x 6 cm. and a 6 x 9 cm. plate camera, 
the Emox, fitted with an /2 anastigmat. 
This was followed in 1925 by the Ermanox, 
with an/ 1-8 lens — the fastest lens ever made 
up to that time. This made possible snapshots of 
the stage, public dinners, and other indoor 
parties, without flashlight. Above all, since 
this camera was used in conjunction with fast 
panchromatic plates, the problem of grain 
which worried 35 mm. users at the time did not 
arise, and until that problem had been solved 
the Ermanox was the favourite camera for very 
poor lighting conditions. 

Modern Reflex Cameras. The Rolleiflex, put 
on the market by Franke & Heidecke in 1928, 
has been the precursor of numerous similar 
twin-lens reflex cameras. It found immediate 
favour with all those who like to compose their 
picture on a focusing screen and have control 
over it during the exposure. There are two main 
sizes. If x If ins. (4 x 4 cm.) and 2$ x 2iins. 
16 x 6 cm.), each taking 12 pictures on ordinary 
roll film. 

As an alternative to the twin-lens reflex 
camera — with its limitation to a single focal 
length — a number of single-lens reflex cameras 
also appeared in the 1930’s. Some of these 
took roll films, others 35 mm. film. 

Present-day 35 mm. reflex cameras utilize 
pentaprism systems to permit observation of 
the screen image at eye level. 

Camera Design Today. Fundamentally, present- 
day cameras differ little from corresponding 
types in use twenty years ago. They do, how- 
ever, incorporate various refinements such as 
flash-synchronized shutters and double expo- 
sure lock or automatic shutter tensioning, 
rapid film transport levers, film indicators, 
better and faster lenses, and so on, to make 
them more foolproof and to increase their 
versatility. At the same time styling of cameras 
has become more streamlined, and pressed 
metal body frameworks have given place to 
metal or even plastic castings. Certain com- 
ponents were redesigned for easier mass pro- 
duction, rather than improved camera func- 
tion, while improved testing methods were 
adopted to keep the standard of precision pro- 
duction up to the level of older hand-made 
cameras. H.G. 

See also: Camera obscura ; Chronology of photographic 
inventions; Cine history; Colour history; Development 
history; Discovery of photography; Historiography of 
photography ; Leica; Lens history; Museums and collec- 
tions; Rolleiflex; Sensitised materials history. 

Books: History of Photography , by J. M A. Edcr 
(New York); The History of Photography, by Helmut 
Gcrnaheim (Oxford); The History of Photography by 
Beaumont NewhaU (New York). 
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CAMERA LUCIDA. This is not a camera in 
the sense in which the word is now used. It is 
(or was) a four-sided reflecting prism used by 
draughtsmen and artists to enable them to draw 
outlines of objects in correct perspective. The 
prism generally has one angle of 90° and the 
opposite of 135°. The artist holds the prism 
above a horizontal sheet of paper and sees a 
reflected image of the scene in front of him. He 


can then trace the outline by looking over the 
edge of the prism and referring what he has 
drawn to the reflected image. 

The true camera lucida was invented in about 
1807 by Dr. William Hyde Wollaston, who also 
invented the meniscus lens. The camera lucida 
constructed about 1674 by Dr. Robert Hooke 
was an optical instrument that had some simi- 
larity to a microscope. 


CAMERA MANUFACTURE 


The demands by the photographer on his 
camera have long ceased to be confined to the 
optical and technical quality of his pictures. 
Nowadays the camera must be designed so that 
it is instantly ready for action, reliable under all 
circumstances and as foolproof as possible. The 
appearance of the instrument, and last but not 
least its price, are also of considerable import- 
ance in the design and manufacture of a 
camera. 

Every design must to some extent be a com- 
promise; high efficiency has to be paid for by 
higher retail price; the combination of a 
number of operations in one camera control 
results in bigger dimensions and greater weight 
of the camera which has to accommodate all 
the necessary mechanical linkages. So every 
advantage in one respect becomes a disadvant- 
age in another. To deal with these problems, 
rhc designer requires imagination as well as 
technical ability. 

Methods. The first cameras were craftsman- 
built instruments with brass-reinforced maho- 
gany bodies and leather bellows. Even when 
parts were produced in quantity, they were 
assembled and fitted individually by skilled 
workers. These were drawn from the cabinet 
making and allied trades. Since relatively large 
plates and small aperture lenses were the rule, 
there was no need to work to close limits 
and as the demand was not great it could be 
satisfied by hand fabricated products. 

Fast roll films and wide aperture lenses 
changed the manufacturing picture. These 
improvements made it possible to produce a 
new type of small — even pocketable — camera, 
and immediately increased the potential market. 
Small cameras had to be built to extremely fine 
limits and were more expensive to make, while 
the improved optical equipment added further 
to the cost. So to keep the price of the pro- 
duct down to an economic level the manu- 
facturer has had to develop mass production 
methods to a remarkable pitch of perfection. 

The design of the modern camera is naturally 
influenced by the manufacturing techniques 
available. It is an assembly of parts made of 
materials that lend themselves to mass pro- 
duction: machined or die-cast brass or light- 
alloy castings, sheet metal pressings or plastic 
injection mouldings. 


Initial Stages. The specification for a particu- 
lar camera is worked out in relation to the 
prospective demand and what the prospective 
buyer can be expected to pay. From rough 
drawings made at this stage the experimental 
workshop turns out a mock-up to form the 
basis for further practical discussions. This 
rough model is criticized, handled and where 
necessary altered until all concerned are satis- 
fied with the principal features. Finally, an 
accurate prototype is built. This, apart from 
the fact that it is hand-made, is identical 
with the proposed production camera. Such 
prototypes call for a very high standard of 
craftsmanship and are the work of a special 
department. 

Once the prototype is approved, the real 
work starts, and an immense amount of effort 
must be expended before the design can go into 
production. The factory building must be 
planned as a complete, organized whole so 
that everything moves steadily forward from 
the receipt of the raw material through the 
machining, assembly, inspection, packing and 
dispatch without unnecessary handling opera- 
tions or bottlenecks. The various successive 
departments in the production flow are dis- 
posed either alongside each other or on adja- 
cent floors of the same building so that the 
components can be passed from one stage to 
the next by the shortest route. 

Components. As a first stage, every single com- 
ponent has to be drawn up accurately. Even a 
simple roll-film camera needs over 200 drawings 
of this type with almost 3,000 specifications of 
dimensions. A large camera factory must 
maintain extensive drawing offices and employ 
hundreds of draughtsmen to carry out this 
work alone for the various camera models. 

When the drawings are finished, the next 
step is the building of machine tools, jigs and 
moulds for manufacturing the many individual 
components. This equipment must be very 
accurately made, for every error is magnified 
during production when passed on to the manu- 
factured components. The required accuracy 
often has to be of the order of 1/1000 milli- 
metre. These special tools are made by ex- 
perts with many years of professional experi- 
ence, and checked by precision microscopes for 
accuracy. For instance, the simple roll-film 
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CAMERA PRODUCTION UNE. The stages in which a camera comes into being vary in detail from manufacturer to manufacturer, 
but the general principle, as shown in a simplified form for a typical camera, is much the same. Top: The body casting is machined 
and drilled for the various apertures and screw holes. Upper left: Certain components like rangefinder housings and the like are 
stamped and pressed from sheet metal on large hydraulic presses, followed by plating and polishing. Upper right: Screws and 
mechanical components like winding knobs and gear wheels are mass-turned on automatic lathes and finished in milling machines. 
Centre left: Bellows are cut from leather, and folded and glued into shape. Leather is often also used for covering appreciable 
areas of the camera body. Centre right: Supplementary optical units (rangefinder etc.) are assembled and tested before being 
installed in the camera. Lower left: The shutter is frequently supplied by a separate manufacturer, but undergoes carefulspeed 
and other tests f or accuracy, reliability, and synchronization before assembly in the camera. Lower right: Lenses also come from 
outside sources and are built into the model as complete single or multiple units, with the correct optical spacing. Bottom: Finally 
the finished camera undergoes thorough inspection with detailed tests of all functions before being passed out and packed f or sale. 
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camera mentioned above may need over a 
thousand such machine tools made with the 
utmost accuracy. 

A special department looks after the order- 
ing of the raw materials — e.g., aluminium, 
brass, steel, leather, chromium, lacquers and 
varnishes. Only the highest quality materials 
are suitable for camera manufacture, and they 
are prepared for use only after being specially 
tested in the factory, mechanically, chemically, 
and under the microscope. 

The production of the many individual com- 
ponents can now go ahead. A precision minia- 
ture may need over 600 such components, and 
many of those have to go through up to 200 
different operations of manufacture „nd pass 
through twenty or more machines. 

In the machine shops the main components 
are either cast and machined, or pressed in 
hydraulic presses into their final shape. Other 
components are turned on automatic lathes. 
Here the rod of raw material is fed continuously 
Into the machine and shaped into bolts, screws, 
rivets, lens mounts, and other parts by a series 
of automatically controlled operations. 

In another department automatic drills and 
cutting machines cut the various apertures, 
notches, and screw holes into the camera 
bodies. Milling machines finish many different 
forms of notches, slits and projections. 

Finishing and Assembly. After all machining 
operations have been carried out, the parts 
pass on to the finishing stage. The finishing 
process varies according to the part. Some 
components are polished in special machines 
with diamonds, to produce mirror smooth 
surfaces, some are nickel or chromium-plated 
in the plating shop, while others are simply 
protected against corrosion — e.g., by lacquer- 
ing or dipping in chemical baths. 

The majority of the body components are 
leather covered by hand. There are inspection 
stages between all the individual manufacturing 
operations to check the accuracy of the single 
components and ensure that they will fit per- 
fectly on subsequent assembly. 

An intermediate warehouse stocks the 
finished parts in carefully planned groups and 


passes them on to the various assembly depart- 
ments. The assembling is usually carried out 
by women, because they have the right kind of 
quick, delicate touch for the work. They sit at 
long tables and pass the batches of assemblies 
along the line after each has added one or 
more parts. Great care is taken to prevent 
dust from getting into the camera during 
manufacture, as the smallest speck in the 
wrong place can cause trouble later on. 

Lenses and shutters are generally bought 
ready assembled from specialist manufacturers 
and fitted into the camera as a complete unit. 
Even camera manufacturers who make their 
own lens and shutter assemblies produce them 
in a separate department and deliver them com- 
plete to the general assembly shop where they 
are built into the camera body. 

Testing. The manufacture of the components 
and their assembly is checked at every stage, 
but each camera has to undergo a final com- 
prehensive test before it is released for sale. 
Here all individual operations are thoroughly 
tried out, and the alignment and definition of 
the lens exactly checked. If any camera fails to 
pass the final test, it is returned to the appro- 
priate point of the production line where the 
shortcomings have arisen. This test depart- 
ment is under the direct control of the manage- 
ment. 

The cameras of a big manufacturer are sent 
out to all parts of the world. They therefore 
have to operate perfectly under any climate 
conditions. Constant functional tests are made 
in a refrigerator room at —20° F. and in a 
suitable oven at 120° F. to check the adapta- 
bility of the camera to temperature variations. 
Selected cameras are often placed in specially 
designed machines which tension and release 
the shutter as much as a million times to 
establish which parts break down first under 
heavy use. 

Once the camera is released for sale it is 
packed in a special padded box along with the 
necessary instruction leaflets and passed on 
to the warehouse for dispatch. W.W. 

See also: Lens manufacture: Optical glass; Shutter 
manufacture; Trade in photographic goods. 


CAMERA MOVEMENTS 


Camera movements are all the different 
ways in which the negative and the lens may be 
turned or moved from the normal position. 

In a simple camera, the plane of the negative 
is parallel to the plane of the lens, and the 
optical axis of the lens passes through the 
centre of the negative at right angles. This 
arrangement is satisfactory for the general run 
of photography because such a camera repro- 
duces scenes more or less as the eye sees them 
(after allowing for the fact that the light-sensi- 
tive surface of the eye is curved while the 
camera sees everything on a flat surface). 


But the large professional stand cameras and 
technical cameras are almost always designed 
so that the angle of the planes of both the nega- 
tive and the lens can be varied. The axis of the 
lens can also be shifted up, down or sideways 
in relation to the centre of the plate. Every 
alteration made in this way produces a charac- 
teristic effect on the appearance of the image. 
Rise and Cross Front. This movement is pro- 
vided by mounting the lens panel in guides so 
that it can slide to either side of, or above and 
below the axis. Only the lens panel is mounted 
in this way; there is no need for similar move- 
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ments of the negative since the object is simply 
to displace one in relation to the other. 

With the lens displaced in this way, the 
camera can look at things from above, below, 
or one side without being tilted at an angle to 
the planes of the subject. The objection to such 
tilting is that it produces an unpleasant appear- 
ance of distortion because the nearer parts of 
the subject are reproduced on a larger scale 
than those farther away. 

The classic example of the effect of tilting 
the camera is the converging of the vertical 
lines in a photograph taken looking up at a 
tall building. But the same thing occurs with 
the horizontal lines when the camera looks at 
an angle at a line of buildings (when the lines 
are seen to converge as they run away from the 
camera). And the same effect can be noticed 
when the camera looks down on an object like 
a tall box. (In this case the vertical lines con- 
verge towards the bottom of the object.) 

Distortion from the same cause affects sub- 
jects where there are no obvious vertical or 
horizontal lines — e.g., in the human figure. 
Here, in the absence of straight lines for com- 
parison, the trouble is not so obvious, but it 
is there just the same, and the improvement is 
often striking when correction is applied. 

The rise or cross movements are used in all 
circumstances like those quoted above, and 
wherever the camera has to look obliquely at 
the subject to show parts not properly visible 
in the normal square-on front view. 

In practice, the camera is set up at the view- 
point which covers the subject from the required 
angle, but instead of being pointed at the 
subject, it is arranged so that the plane of the 
negative is parallel to the plane of the subject. 
The image is roughly focused, and then the 
cross front is used to slide the lens off centre 
to bring the subject into place on the screen. 

As a result of this manoeuvre the principal 
plane of the subject remains parallel to the 
negative plane and so is reproduced without 
distortion — the top of the box is visible, but 
the sides remain parallel; the belfry of the 
church comes into the picture without look- 
ing as though it were about to topple back- 
wards, and the line of houses no longer narrows 
in violent perspective. 

Used in this way, the rise and cross move- 
ments enable the photographer to control the 
perspective of subject planes inclined at an 
angle to the line of sight of the camera. 

Back Swings. To provide the vertical and 
lateral back movements, the back is hinged at 
the baseboard so that it can be swung about 
forty-five degrees either side of the vertical and 
mounted on a base support which allows it 
to be turned horizontally about ten degrees 
each side of its normal position. 

These movements are used to control the 
perspective of subject planes inclined to the 
camera sight line. If the back is swung to 
bring it parallel to the principal plane of the 



CAMERA MOVEMENTS. Top left: Horizontally swinging lens 
panel. Top right: Vertically swinging lens panel. Both these 
movements can increase depth of field. Upper centre left: 
Rising front for vertical image movement on the plate (e.g., to 
include the top of a building) without distortion. Upper centre 
right: Cross f ront movement f or sideways image shif t. Lower 
centre and bottom: Vertical and horizontal swing back for 
control of image proportions. The back may be hinged at either 
end, pivoted in the middle, or completely freely adjustable. 

subject then parallel lines lying in the subject 
plane considered will no longer converge, but 
will appear parallel. 

In practice, the camera is set up to look at 
the subject from the required viewpoint; the 
image is roughly focused, and the swing back 
is adjusted until it lies parallel to the plane of 
the subject in which parallel lines are to remain 
parallel. The image is then re-focused and the 
lens stopped down until the depth of field in- 
cludes the whole of the subject. 

The result is similar to that produced by the 
rise and cross movement (above) since in each 
case the plane of the negative is made parallel 
to the principal plane of the subject to correct 
the convergence of the important parallels. But 
there is one notable difference; in this case 
the plane of the lens is inclined to the plane of 
the subject so all parts of the subject plane are 
no longer in the same focal plane. This is why 
when the swing back alone is used, the lens 
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RISING AND CROSS FRONT. Top: Sometimes tJie camera 
position cannot be altered and part of the image is cut off on 
the negative (thin frame and lens angle). The cross front shifts 
the whole image sideways, making the lens cover one side of 
a much wider angle of view ( heavy frame and lens angle). 
Bottom: The rising front does the same thing vertically in 
order to include, f or example, the top of a building or to reduce 
the foreground area without tilting the camera. Rising and 
cross front movements do not distort the image proportions. 

must be stopped down until its depth of field 
covers the subject. 

It is clear from this that there is no point in 
correcting converging parallels with the swing 
back (when the lens must be stopped down), if 
the rise and cross movement will do what is 
wanted (without stopping down). While this is 
true, it must be remembered that the movement 
of the swing back will correct for a much 
greater subject plane angle than the rise and 
cross movement. And the difficulty of bringing 
the whole plane into focus can be completely 
overcome by combining back with front swing. 
Swing Front. The lens is mounted in a panel 
which can be turned about both horizontal and 
vertical axes ; it can thus be tilted down or up or 
turned from side to side. Ideally, the turning 
axes should pass through the rear nodal point 
of the lens. If this condition is fulfilled, the lens 
may be turned (within the limits of its field) 
without changing the position of the image. 


Front swing is used to make the image of the 
principal plane of the subject coincide with the 
plane of the plate. It is not necessary when the 
plate, lens, and subject planes are all parallel — 
e.g., for a square-on photograph of a flat- 
fronted building. 

When the principal plane of the subject lies 
at an angle to the camera sight line, some parts 
of the subject are nearer the lens than others. 
If the middle of the subject is focused sharply, 
then the ends will be out of focus. The ends 
can be brought into sharp focus if the lens is 
stopped down far enough to include them both 
in the depth of field. But this means losing light 
and prolonging the exposure. 

The other way is to move one side of the lens 
forward to bring the near parts of the subject 
into focus, and the other side back to focus the 
distant parts — i.e., to swing the front of the 
camera in the opposite direction to the slope of 
the subject plane. 



SWING BACK. Top: When the camera points obliquely at the 
subject normal perspective effects appear, with near parts 
shown on a larger scale than distant ones. Swinging the camera 
bock until it is parallel with the main subject direction, alters 
the perspective to give an isometric reproduction. Bottom: In 
the same way a vertical camera swing will straighten out 
converging verticals. In both cases a small stop is required to 
make the image sharp all over (i e.. to extend the depth of 
focus), and the image is stretched in the direction of the swing. 
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There are two principal uses for front swing. 
It can be used simply as a focusing device 
for giving a sharp picture of a sloping subject 
without the need for stopping down. It can 
be used in conjunction with back swing when, 
in addition to the improved employment of the 
depth of field, there are converging parallels to 
be corrected. 

When swing front is used simply to bring the 
focal plane to coincide with the plate when the 
back of the camera has been swung parallel 
to a sloping subject plane, the result is exactly 
as though the picture had been taken by a 
camera with a large amount of rise or cross 
front movement. 

The same effect can be produced in a camera 
with a long format by focusing the picture on 
one half of the plate only — e.g., by taking a 
picture of a tall building on the bottom half 
of the plate. This is equivalent to using a camera 
of half the negative format with a very generous 




SWINGING LENS. Top: If some parts of the subject are nearer 
to the camera than others, the depth of field may not be 
sufficient to make the image sharp all over (thin frame). 
Swinging the lens in the direction of ( but not parallel Co) the 
principal subject plane makes near and distant parts equally 
sharp ( heavy frame). Bottom: The same principle is used 
when Che camera looks down obliquely on a subject of appreci- 
able depth; a vertical lens swing increases the over-all sharp- 
ness. In both cases the image proportions are somewhat dis- 
torted, and the image shifts across the negative. 




SWING BACK AND SWINGING LENS. Top: Use of the swing 
back Co correct the perspective rendering can be combined 
with the swinging lens panel Co increase the image sharpness. 
The distortions arising from the two movements will cancel 
each other out if the lens panel and camera back end up 
parallel. Bottom: In that case the swing back and swinging 
lens act together like a cross front movement. The effect of 
swinging the back and then the front is the same as that of 
turning the camera and moving the front horizontally. 


amount of rising front, or the equivalent com- 
bination of front and back swing. 

Combined Movements. Camera movements are 
used both independently and in conjunction. 

The swing back and the rise and cross front 
movements may be used simultaneously to 
control perspective — generally to produce a 
more pleasing perspective although they may 
also be made to produce deliberate distortion. 

The swing front alone has no effect on pers- 
pective; its purpose is simply to make the plane 
of sharp focus of the image coincide with the 
plane of the negative material. The object here 
is to avoid having to stop down the lens to 
bring both near and far ends of an inclined 
subject plane within the depth of field. 

Front swing is often used alone — e.g., to 
bring foreground and background into focus 
without stopping down too much. It may always 
be used alone, in fact, for improving the depth 
of field over an inclined subject plane where 
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there is no need to correct the perspective of 
the subject. 

Back swing, on the other hand, is never used 
without some degree of front swing. This is 
because applying back swing to compensate 
for camera tilt throws the plane of the negative 
out of register with the focal plane of the lens. 
Unless some front swing is added the photo- 
grapher is forced to stop the lens right down 
and give a needlessly long exposure. 

The amount of rise or cross front movement 
is decided by the position of the image on the 
focusing screen. The swing back can be set 
parallel with the principal plane of the subject 
by eye or measurement. The angle of the swing 
front can only be decided by careful examina- 
tion of the sharpness of the image on the screen, 
preferably through a focusing magnifier. 
Camera Movements in Practice. A photograph 
fully corrected by the use of camera movements 
is made as follows: 

(1) The photographer selects the viewpoint 
which shows the subject to the best advantage 
for his purpose. Ideally this should be done 
by eye alone since it is the viewpoint and not 
the lens that decides the picture’s perspective. 

(2) The camera is set up with the baseboard 
level and back vertical and the image is 
roughly focused on the screen. If the image is 
too small, then the lens is changed for one of 
a longer focus; if it is too large, for one of 
shorter focus. 

(3) At this stage lateral back swing is applied 
to bring the back of the camera parallel to the 
subject plane — e.g., the front of a building being 
photographed obliquely from one side. If the 


whole camera has been inclined a t a n angle — 
e.g., to look up at a tall building — vertical 
swing is used to bring the back of the camera 
vertical again. Lateral swing is adjusted by eye 
but vertical swing can if necessary be checked 
with a plumb line. 

(4) The front swing is now adjusted to give 
the best distribution of sharpness over the 
plate. If the lens panel can be swung far enough 
to bring it parallel to the back and to the prin- 
cipal plane of the subject, then the whole of the 
principal plane can be covered sharply without 
stopping down the lens. 

It may happen, however, that at extreme 
angles of combined front and back swing, the 
lens is so far off the common axis that it no 
longer covers the whole of the plate. When this 
happens the front swing is reduced until there 
are no dark comers on the focusing screen — 
i.e., until the lens is once again covering the 
plate. This change, of course, will also swing 
the plane of sharp focus so that it no longer 
coincides with the plane of the focusing screen 
— i.e., it will no longer be possible to get the 
image sharp at each side when it is sharp in the 
centre. So the lens must be stopped down to 
restore sharpness over the whole of the screen. 

The image will now be fully corrected — i.e., 
all vertical lines will be parallel to the sides of 
the focusing screen; the horizontal perspective 
will be acceptable; the relative proportions of 
near and far parts of the subject will appear 
natural, and the image will be sharp wherever 
sharp definition is called for. F.P. 

See also: Architecture; Field camera; Perspective 
T echnical camera. 


CAMERA OBSCURA. Literally, a “dark 
chamber.” The term is applied to any optical 
device which forms a visible image of a scene 
on a screen set up in a darkened tent, room, or 
even a large box. 

Except for the shutter, the camera obscura 
possesses all the essential elements of the 
photographic camera and can be regarded as its 
immediate ancestor. 
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EARLY CAMERA OBSCURA. The first published illustration of 
a camera obscura: a darkened room with a small hole in the 
wall at one side. Built in 1544 for observing an eclipse of the 
sun. it was illustrated in 1545 by Gemma Frisius. 


From the early days of our civilization men 
appear to have known that light passing 
through a very small hole in the wall of a 
darkened room will form an inverted picture 
of the scene outside on the opposite wall. The 
image formed in this way is neither brilliant 
nor sharp. Making the hole bigger increases 
the brightness of the image but makes the 
definition worse. 

Both the brilliance and sharpness of the 
image are greatly improved when a converging 
lens is used instead of a simple hole. The image 
can then be focused sharply on the screen. 

Early History. There was no single inventor of 
the camera obscura; the principle had been 
applied as early as the eleventh century when 
it was used for viewing solar eclipses. A de- 
scription dated 1550 refers to a lens, and one in 
1568, to a lens and diaphragm. 

The first really complete description of the 
camera obscura was given by Giovanni Battista 
Della Porta in 1558. On the strength of this he 
is usually regarded as the inventor. 

Up to the seventeenth century the camera 
obscura was always a room in a house. One 
of its commonest uses was for producing 
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‘magical” effects. Charlatans, fortune-tellers 
and magicians employed the principle to 
mystify their clients. With its aid they conjured 
up miniature moving pictures of people and 
strange animals, often making them appear 
inside a glass of water or wine, the real action 
being staged outside the house by actors and 
dressed-up figures. 

With all such devices the observers had to 
be stationed on the inside of the dark chamber. 
A movable version in the form of a tent was 
mentioned in 1620, but it was not until the 
middle of the century that truly portable 
models appeared. These were commonly large 
(often collapsible) boxes equipped with a 
single biconvex lens, a reflecting mirror, and a 
viewing screen of oiled paper. 

In this form the camera obscura was much 
used by artists as a guide to outline and pers- 
pective. It was often taken along by the 
eighteenth century tourist making the Grand 
Tour because it enabled those with no draughts- 
manship to make sketches to illustrate the 
inevitable diary of the tour. It was, in fact, the 
equivalent of the present day snapshot camera. 
Improvements. The camera obscura remained 
essentially unchanged from the end of the 
seventeenth century until the beginning of the 
nineteenth when Wollaston got over the serious 
spherical aberration of the double convex lens 
by using a meniscus. Chevalier took it a step 
f urther by using a reflecting prism with curved 
faces in place of the lens and mirror. No 
significant improvements have been made since. 

In the common form of camera obscura, the 
observer stands in a darkened room or tent 
and an image of the external scene is projected 
on a white table-top before him. Immediately 
above the table there is a long focus lens with 
its axis vertical and pointing at the centre of 
the table. A mirror, set at 45° to the vertical 
is mounted outside the chamber above the 
lens so that it directs rays of light from the 
surroundings through the lens which focuses 
the image on to the viewing screen. In per- 
manent types, the mirror can be rotated by the 
observer to scan the whole of the view outside. 



ARTIST'S CAMERA OBSCURA. Portable ret lei bot camera 
obscura with lens, first described by Johann Zahn in 1685. 
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TABLE CAMERA. Guyot's table camera obscura of 1770 with 
lens O and reflex mirror N. The image was observed on the 
translucent surface E and was reversed left-to-right. The 
instrument made some attempt to combine semi-scientific 
utility with a semi-artistic finish to enable it to fit into a well- 
furnished drawing-room without appearing seriously out of 
harmony with the interior style of the period. 

Permanent installations of this type are popular 
at seaside resorts where, for a copper or so, 
visitors can enjoy the scenery at their ease. 

Artists have always made great use of the 
camera obscura and it was a natural step from 
tracing the projected image on a sheet of 
drawing paper to seeking for some means of 
fixing it with chemicals. Thomas Wedgwood 
about 1799 made the first photographic experi- 
ments with the camera obscura. Daguerre, 
who in his early days was a successful painter, 
made use of a camera obscura which is now in 
the possession of the Conservatoire des Arts 
et Metiers (School of Arts and Crafts). F.P. 

See also: Camera history. 

CAMERA SHAKE. Blur is often caused, not 
by movement of the subject, but by movement 
of the camera at the time of exposure. This 
movement, generally referred to as camera 
shake, cannot be classified as neatly as subject 
movement. It depends on a number of variable 
factors: the human element; the camera; the 
focal length of lens; the shutter speed. 

Easily recognizable characteristics of camera 
shake (distinguishing it from other types of 
unsharpness) are an equal degree of blurring 
of all parts of the picture, and frequently the 
appearance of two slightly displaced and some- 
what unsharp images. This also covers the 
whole of the negative area; the image appears 
as if it had been slightly smeared over the film 
or plate. 

The Human Element. Some people can hold a 
camera steady at shutter speeds as slow as 
1 / 10 second, others are troubled by camera 
shake even at a shutter speed of 1 /100 second. 

Part of the cause undoubtedly lies in the 
way the camera is held and how the shutter is 
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released. The standard advice on holding the 
camera is to stand with the feet apart and 
steady the camera against the chest or face 
(depending upon the type of viewfinder). 
Before making the exposure the photographer 
is recommended to take a breath, hold it and 
at the same time squeeze the shutter release 
steadily without trying to click it at any 
particular time. 

While this advice will do much to reduce 
serious camera shake it is always wise to avoid 
shake by taking advantage of any support 
available and using the fastest shutter speed 
possible. 

The Camera. The design of the camera makes it 
more or less prone to suffer from shake. 
Generally, large, heavy, and square cameras 
give the least shake, and small, light, and 
streamlined cameras, the most. But the posi- 
tion, angle, and release pressure of the shutter 
control may have as much influence as the 
size and shape of the camera, and a camera that 
is free from shake when used at waist level 
may be impossible to hold steady when using 
the eye-level finder. 

The Lens. Generally, the longer the focal length 
of the lens the greater the risk of camera shake. 
For the same amount of angular movement of 
the camera, the image formed by a 2X tele- 
photo lens shows twice as much blur as the 
image formed by a normal angle lens. On the 
other hand, the larger image obtained with a 
telephoto lens requires less enlargement in the 
final print than one taken with a normal lens. 
The Shutter Speed. Photographs taken at fast 
shutter speeds are less likely to show blur than 
those taken at slower speeds. But the amount of 
blur is not necessarily in proportion to the 
shutter speed. If the blur is produced — as it 
often is — by a jerk that takes effect towards the 
end of the exposure, it may be just as pro- 
nounced at 1 /40 second or faster as at 1 /20 
second. 

Avoiding Camera Shake. Camera shake is very 
often to blame for blur that is put down to mis- 
focusing, subject movement, or poor lens 
definition. Many photographers habitually 
accept a lower standard of sharpness than the 
camera is capable of, because they do not 
realize that camera shake is to blame. 

The remedy is to make a number of expo- 
sures with the camera rigidly clamped, say, to 
the top of a heavy table. 

This will show the standard of definition that 
the camera will give when there is no shake. 
The photographer should then experiment to 
find the shutter speed and methods of holding 
the camera and releasing the shutter that will 
give this standard of definition for hand-held 
exposures. 

Trials carried out with a large number of 
operators show that the slowest shutter speed 
that the average photographer can use without 
fear of camera shake is 1/150 second. 

See also: Holding tht camera. 
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CAMERA SUPPORTS. No matter how good 
a camera may be, or how accurately it has been 
made, it cannot yield really acceptable results 
if it moves during the exposure. Much of the 
poor definition obtained by amateur and pro- 
fessional photographers is caused by camera 
shake during the time the shutter is open. 
Tripods. At shutter speeds slower than 1/25 
second some sort of camera support is always 
essential. A tripod is undoubtedly the most 
effective answer to camera shake and should be 
used wherever possible; certainly whenever top 
quality results are required. 

A tripod is a three-legged stand on the top of 
which the camera is fixed. Except for some of 
the larger studio models most tripods have 
folding or telescopic legs. There is nothing to 
beat the heavy wooden tripod for strength and 
rigidity. It is ideal for studio and indoor use 
but it is rather cumbersome to carry around 
and for this reason it is no longer popular with 
modem photographers who like to travel light. 
The necessity for portability has led to the 
lighter, collapsible type of tripod. Many of 
these are excellent and adequately fulfil their 
purpose, but some of the cheaper models are 
unsteady and useless. 

The light folding type of tripod is not suitable 
for a heavy plate camera. A heavy camera 
needs a heavy tripod ; there are even people who 
prefer to use a heavy tripod with a small camera 
rather than risk camera shake. 

Methods for altering the height of a tripod 
vary according to the type being used. With a 
telescopic tripod it is only necessary to slide a 
section of the tubing in or out until it reaches 
the correct height. Folding tripods can be 
adjusted similarly by unfolding the legs to the 
height required. The permanent, studio types 
of tripod and some of the better metal types 
have a centre pillar which can be raised or 
lowered as required. 



C AMERA SUPPORTS. Left: Te/escopic tripod with three extend- 
ing legs. The tips may carry spikes (f or rough surf ace) or rubber 
ends (f or smooth floors). The tripod screw is J in. ( English ) or 
| in. (Continental) Whitworth. Right: Telescopic monopod. 
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Stands. The simplest type of stand consists of 
a solid, heavy base carrying a vertical pillar 
with a platform on top to take the camera. The 
centre pillar is adjustable for height and the 
platform can be tilted to point the camera up 
or down. In the more expensive versions of 
such stands all the movements are controlled by 
wheel or handle operated screws. One handle 
raises or lowers the pillar, another turns it to 
rotate the camera in the horizontal plane and a 
third controls the tilt of the top. The base of 
the stand may be on wheels with provision for 
locking them or putting them out of action 
when required. 

A stand built for heavier duty consists of two 
vertical pillars mounted on a heavy low trolley. 
The camera is carried on a counterbalanced 
tilting platform between the two pillars. This 
type of stand has the advantage of allowing the 
camera height to be adjusted from the top of 
the pillars — which may be 7 or 8 feet high — 
down almost to ground level. 

An even more elaborate type of camera stand 
is used in many commercial studios. This is the 
“all-angle” stand. It consists of a rigid H-section 
alloy chassis mounted on wheels. The chassis 
is designed to hold a large-diameter tubular 
column which carries the camera platform. The 
column is supported in a universally-mounted 
housing which allows it to be swung to any 
angle, and extended or rotated by control 
handwheels. Separate controls below the camera 
platform allow the head to be tilted in two 
planes. This ty pe of stand is also used for clinical 
photography in hospitals where it allows the 
camera to be supported over the top of a prone 
patient at any angle. The stand is mounted on 
large castors which can be raised out of contact 
with the floor when once the camera is in 
position. 

Heads. The camera must be attached firmly 
to the tripod or stand, and although there is 




TRIPOD HEADS. Top left: Normal ball and socket head 
adjustable in all directions locked by a clamping lever. Top 
right: Tiding plat F orm for larger studio and field cameras. 
Bottom: Pan and tilt head for a cine camera. 



STUDIO STAND. Stands for studio cameras have to be particu- 
larly solid to support the heavy camera and provide the full 
range of adjustments. Left: Generally the camera is mounted 
on a tilting platform which moves up and down along braced 
vertical columns. The whole stand is mounted on castors. Ela- 
borate professional stands may have a separate platform ( with 
ladder ) for the operator as well as for the camera. 

always a plate or table with an attaching screw, 
this is not always satisfactory as it does not 
allow the camera to be set at an angle to the 
horizontal. The two most popular tripod heads, 
designed to allow adjustment of the camera 
angle, are the "universal” ball and socket head, 
and the pan and tilt head. 

The ball and socket head, as its name sug- 
gests, is a ball with a tripod screw on top which 
can turn freely in a socket. A clamp can be 
tightened to grip the ball firmly in any position. 
This allows the camera to be tilted or angled as 
the user wishes. 

Pan and tilt heads provide the same range of 
movements but are rather more versatile. They 
are primarily intended for cinematography and 
can be locked so as to swing (or “pan”) hori- 
zontally but not vertically. This movement is 
impossible to achieve satisfactorily with a 
simple ball and socket head but it is essential for 
a cine camera to be able to scan a scene hori- 
zontally without any trace of wobble. 

The panoramic head is basically the same as 
the pan and tilt head except that the axis of the 
panning mechanism has a scale engraved around 
it. This is calibrated in degrees from 0 to 360 
and either moves with the head or is fixed on 
the stationary part. Panning of the camera can 
then be measured in degrees against a suitable 
reference mark engraved on the head. This is 
invaluable for photographing a panorama in 
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SPECIAL SUPPORTS. Left: Steadying chain fastened to camera. 
Top right: Chestpod. Bottom right: Gun stock holder for 
long-focus sports photography with miniature cameras. 

sections when, after each successive exposure, 
the camera is panned to a fresh position. The 
angle through which the camera must be 
moved each time is equal to the angle of field of 
the lens (in practice, slightly less). 

Other tripod heads are made for specialized 
subjects. The stereo head provides two alter- 
nate positions for the camera with a separation 
of 2J ins. for taking stereo pairs for three 
dimensional viewing. For astronomical photo- 
graphy there is the equatorial head which when 
driven by a special clock, keeps the camera 
following stars during time exposures. Another 
type of head available, particularly for twin 
lens reflex cameras, is designed to overcome 
parallax errors in sighting the camera; it allows 
the camera to be slid upwards, on a tube, to the 
exact height necessary to compensate for the 
parallax. This height is normally preset. 

A special type of tilting head is useful for 
certain subjects such as still-life close-ups, 
copying, etc., taken with a heavy camera. The 
head there consists of two wooden platforms 
hinged book fashion at one end, and fitted with 
adjustable struts at the other to open the two 
halves to the desired extent. The bottom half is 
mounted on the tripod and the top carries the 
camera. The more the two halves are opened 
out, the greater the tilt; usually the adjustment 
possible is from 0° to 90°. Although this type of 
head permits tilting in only one direction, it is 
considerably firmer than a ball and socket or 
other type of tilting head. 

Threads. All types of support provide a camera 
attachment in the form of a projecting screwed 
stud which screws into the camera tripod bush. 
The stud may be either £ or f in. Whitworth. 
Until fairly recently most British cameras were 
fitted with J in. Whitworth tripod bushes, and 
Continental cameras with f in. Whitworth. 
Nowadays more and more British camera 
manufacturers are adopting the larger size. 
Many camera supports are designed to offer 
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both sizes of fitting, either by means of a 
separate adapter or by a reversible head with 
a j in. stud on one side and a | in. on the other, 
Separate adapters are available for adapting 
either size thread to the other. 

Other Supports. A camera clamp can be a 
very useful support when it is inconvenient to 
carry a tripod. It is simply a pair of metal jaws 
which can be fixed to solid objects such as a 
table or a fence with a screw to hold the camera. 
Most of them incorporate a “universal" fitting 
which can be adjusted to point the camera at 
any angle. 

The monopod is a support consisting of a 
single leg which is used for keeping the camera 
still during slow exposures. Usually it is a tele- 
scopic tube which extends to about 5 feet. The 
camera is attached to the top and the foot has a 
spike or a rubber ferrule to stop it f rom slipping. 
Exposures of up to 1 second are usually quite 
safe. 

The chestpod is a shortened variation of the 
monopod. It consists of a metal rod about 
12 ins. long with a screw for the camera at 
one end and a leather strap at the other. The 
strap is then hung round the neck so that a 
downward pressure on the rod tautens it, and 
enables the camera to be held steady at eye 
level. 

The gunpod is another light-weight portable 
support. As its name implies this is shaped like 
a rifle stock and fits comfortably into the 
shoulder. Many people use a gunpod to steady 
their cine cameras in the absence of a tripod 
and find it a reasonable substitute. This type of 
holder is also used for wild life photography 
with a miniature camera and a high-powered 
telephoto lens. 

The chainpod is an extremely simple support 
that works quite well in practice. A piece of 
chain about 5 feet in length has a screw at one 
end which is fixed to the camera. The other end 
is then dropped on the ground and the user 
places his foot on it. By pressing the camera 
upwards the chain tautens and holds the 
camera steady. The chainpod can be used 
equally well with both eye-level or waist-level 
cameras. G.W.P. 

CAMERON, JULIA MARGARET, 1815- 
79. English amateur photographer. She took up 
portrait photography at the age of 48 and 
specialized in close-ups. Many notables of the 
Victorian age sat for her, including Browning, 
Tennyson (a family friend). Sir John Herschel, 
Carlyle, Longfellow, Darwin, and others. 
Many of her imaginative compositions are 
rather pre-Raphaelite in style, in particular her 
illustrations to Tennyson's Idylles of the King 
(1875). She is considered today the most 
brilliant portrait photographer of the mid- 
nineteenth century. Biography by H. Gems- 
heim (London 1948). Autobiography: Annals 
of My Glass House (written 1874, published 
in Gemsheim’s biography). 
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CANADA. Photography made a very early 
appearance in Canada. News of the invention 
of the daguerrotype in 1839 was eagerly 
reported in the Press and within fourteen 
months of the invention the Quebec Gazette 
(dated 13th October 1840) recorded an account 
of a demonstration of portraiture by Messrs. 
Halsey and Sadd at the address of a M. Grace, 
rue St. Joseph, Montreal. 

Another recorded reference to the beginnings 
of photography is to be found in the Montreal 
Directory for 1842-3, in which is entered: 
“Prosch (G.W.), photographer. Place d’Annes, 
East Side”. And in the Minerve of 28th October 
1 847, a reporter refers to a M. Desnoyers who 
proposed to devote his time to daguerrotype 
photography. 

The demonstration of 1840 is most likely the 
earliest use of photography in Canada, and very 
probably the earliest use on the North American 
continent. 

Commercial and Technical Progress. Perhaps 
the most important and influential firm in the 
practice of photography from its early establish- 
ment onwards in Canada was that founded by 
William Notman in Montreal in 1856. At the 
start daguerreotypes and ambrotypes were 
made. A notable work was a series of photo- 
graphs showing the setting up of the Victoria 
Bridge stage by stage, which together with a 
series of views of Canada East and Canada 
West were presented to the then Princeof Wales 
(later King Edward VII) in bound form when 
he officiated at the opening of the bridge in 1 860. 

Then followed the use of wet plates and the 
popular carte de visile size portrait, and when 
dry plates came into use in 1880 W. Notman 
started to make them in the studio. But his 
output was not great enough to meet require- 
ments, and he arranged with Stanley Bros, of 
Lewiston, Maine, to open a factory for their 
manufacture. When platinum paper was intro- 
duced in 1 890 he obtained a printing machine 
from the Platinotype Co., London, and used 
this printing-out process until its discontinua- 
tion in 1914. 

The London Photographic News (reported 
in the Canadian Illustrated News of 23rd July 
1870) confirms W. Notman as one of the 
leading photographers of his time, and also 
mentions an associate of his, Frazer, as well as 
Inglis of Montreal, and Messrs. Sheldon and 
Davis of Kingston. Their work featured in 
exhibitions throughout the world and received 
much favourable comment and recognition by 
medals and other awards. 

Manufacturing. When the dry plate was intro- 
duced Notman first approached British manu- 
facturers to set up a plant in Canada, but he 
met with no success and this led him to make 
the arrangements with the American firm of 
Stanley Bros, referred to above. Then in 1900 
the Canadian Kodak Company, Ltd., was 
formed in Toronto, and today this firm’s pro- 
duction covers roll films, papers, a wide variety 


of sheet film, X-ray films and materials, motion 
picture positive film. Camera production is 
included, but this on the whole is more of an 
assembly operation than complete manufacture. 

In 1952 a factory was opened at Midland 
Ontario, where the manufacture of optical 
and scientific instruments is carried out. In 
addition, camera bodies are assembled there, 
but most of the lenses are made in Canada. 
Associations. Professional associations in 
Canada are in the main provincial with no 
co-ordinating body. They include the Maritime 
Professional Photographers Association, Monc- 
ton, N.B., the Professional Associations of 
Montreal, P.Q.; Edmonton, Alberta; Van- 
couver, B.C., and the Manitoba and Ontario 
Societies of Photographers. 

In addition to these the Commercial and 
Press Photographers Association of Canada 
was formed under a Dominion Charter in 1948 
with a membership of approximately 800 from 
all provinces, with headquarters in Toronto. 
This association, which is of a high standard, 
is very active. It holds annual courses in Press 
photography at the University of Western 
Ontario, London, and Toronto University and 
sponsors annual print shows which form a 
travelling exhibition across Canada for a 
period of two years each. 

Amateur camera clubs and amateur movie 
clubs are active throughout the country, but 
there again there is no co-ordinating Federal 
body, with one exception known as the Colour 
Photographic Association of Canada. This 
association, which operates under a Dominion 
or Federal Charter, is interested solely in 
colour photography in all its branches, still 
and cine. Headquarters are in Toronto; there 
are 35 affiliated branches spaced across the 
country from Halifax to Vancouver. 

Finally, a national trade association was 
founded in 1956, under letters patent granted 
by the Federal Government, with the name 
Canadian Photographic Trade Association. 
Membership is restricted to manufacturers or 
distributors. 

Present-day Photography. Contemporary use of 
photography is probably as extensive in Canada 
as anywhere in the world, particularly with 
regard to commercial, industrial, and scientific 
applications. Uses rather special to Canada are 
in the aerial surveying of the country, much of 
which has not previously been mapped, and in 
the production of mail order catalogues. 

A few Canadian photographers of today have 
established for themselves international repu- 
tations, especially in the field of portraiture. 
Canada has also founded a reputation for 
activities in cinematography, particularly 
through the National Film Board of Canada 
and in some unusual work on animated films. 

Photographic activities are covered by 
several journals specifically devoted to the 
subject, the main one being Canadian Photo- 
news. R. de L.G. & G.M. 
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CANADA BALSAM. Viscous fluid resin 
obtained from the Balsam Fir of North 
America. The liquid form of the balsam slowly 
changes into a hard crystalline solid with a 
refractive index almost exactly equal to that of 
glass. It is used for cementing together pieces 
of optical glass — e.g., the component parts of 
a lens — to make an invisible joint. It is also 
used in some negative varnishes. 

Solubility: Insoluble in water; soluble in 
xylol. 

See also: Adhesives. 

CANDELA. Photometric unit of luminous 
intensity corresponding to the light emitted by 
molten platinum at the temperature of solidi- 
fication. It is approximately equal to the inter- 
national candle. 

See also: Light units. 


CANDID PHOTOGRAPHY. A candid photo- 
graph is simply a portrait taken without the 
knowledge of the subject. Very early in the 
history of photography inventors began con- 
structing — and sometimes marketing — cameras 
that the photographer could conceal about his 
person to enable him to take photographs 
without being detected. But true candid picture 
making only became really popular with the 
development of the modem miniature camera. 

While the novelty of such pictures was at its 
height, practically every illustrated periodical 
featured a “candid cameraman” whose time 
was spent in stalking victims in every walk of 
life to present them — generally in an embarras- 
sing moment — for the entertainment of his 
public. 

This phase is now over, and candid photo- 
graphy has found its proper level of impor- 
tance alongside the other recognized photo- 
graphic devices for adding interest to the 
picture. 

There are two ways in which the candid 
approach is helpful: for scenes of everyday 
life including or featuring people and children, 
and for procuring natural and unaffected 
portraits of subjects who would be awkward 
and self-conscious if they knew they were being 
photographed. 

Camera. The best camera for candid photo- 
graphy is the 35 mm. miniature because it is 
small enough to be used unobtrusively and its 
operation is as nearly automatic as coupling 
and interlocking can make it. At the same time 
many workers prefer the twin lens reflex be- 
cause it can be used at waist level and the 
photographer does not need to advertise his 
intentions by looking at the subject. The minia- 
ture user, however, can make use of a long focus 
lens to let him work at a distance from his 
subject and thus stand a better chance of getting 
his pictures without being noticed. 

A camera with automatic film transport is 
better than one that has to be checked visually 



UNOBSERVED SHOOTING. A reflex camera is particularly 
easy to operate without attracting attention. Top left: Camera 
hidden under coat and operated through cut-away pockets. 
Top right: Shooting backwards underneath the arm. Bottom 
left: Swing-round technique of focusing in one direction and 
swinging round to shoot subject. Bottom right: One of several 
ways of shooting sideways or round the corner. 


at the risk of attracting the attention of the 
subject. 

Very fast shutter speeds are not needed; 
probably the most useful speed is around 1/100 
second although there are occasions when a 
short time exposure may be unavoidable. 

The quieter the shutter the better; even the 
slight click of a high grade shutter can be em- 
barrassingly evident. Indoors, in fact, it may 
be worth while using a supplementary silent 
shutter in front of the lens of the type made for 
studio portraiture and nature work. 

Lens. Each type of lens has points for and 
against it. The long focus lens lets the photo- 
grapher shoot from a safe distance, but it 
calls for accurate focusing and sighting because 
it has a narrow angle of view and a shallow 
depth of field. A wide angle lens can be set to 
give a deep zone of sharp focus and includes 
so much of the scene in front of the camera that 
it can be sighted quite casually. The virtues and 
shortcomings of the normal camera lens lie 
midway between these extremes. The photo- 
grapher who can afford all three will find each 
one useful at different times. Those who must 
make do with the lens fitted to the camera can 
always compensate for its deficiencies by 
adopting a suitable technique. 

On most occasions a wide aperture lens is a 
decided advantage because it permits a fast 
shutter spaed to be used. 
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Lighting. The candid photographer must be 
prepared to make do with the existing lighting. 
About the only control he can exercise is to 
change his position to photograph the sub- 
ject from a more favourable angle. There is 
one exception to this rule: when taking photo- 
graphs in the dark by invisible lighting such as 
infra-red. 

Viewfinder. A reflex viewfinder would appear to 
be ideal for candid photography, yet many of 
the top men use a miniature and a direct 
vision finder with complete success. The reflex 
finder allows the photographer to point his 
lens at the subject while he looks away at right 
angles, and the same thing can be done with 
the angle type of supplementary finder. These 
aids help to make candid photography easier 
for people who cannot acquire the art of 
direct shooting. 

Technique. The candid expert rarely tries to 
conceal or disguise himself or his camera. He 
simply acquires the knack of making himself 
unobtrusive. This may be done in a number of 
ways: 

(1) By wearing conventional dress with no 
eccentricities. 

(2) By moving and working in a slow, 
leisurely fashion. 

(3) By misdirection — i.e., by pretending to 
be interested in anything but the subject. This 
means not only looking, but turning, in an- 
other direction. 

(4) By taking up a position between the 
subject and the strongest light source. (This 
makes it harder for the subject to see what he 
is up to.) 

(5) By keeping his camera either out of sight, 
or pointing in another direction until the last 
minute. 

As far as possible all the necessary adjust- 
ments are made to the camera before the 
photographer goes into action; he sets the 
shutter speed and lens aperture and focuses 
the camera for the approximate working dis- 
tance. Then he approaches the subject casually 
and chooses the position that gives him the best 
view and lighting of the subject. If the subject 
is unlikely to move out of range, the photo- 
grapher settles down for a while before starting 
to shoot to disarm suspicion. Soon his pre- 
sence is accepted and ceases to arouse curiosity 
and he is free to take his pictures without the 
subject’s knowledge. 

The candid technique is particularly useful 
for getting natural pictures of children. It is not 
necessary for the child to be unaware that there 
is a camera pointing at him; the photographer 
simply waits until the child loses interest in 
the camera and turns all his attention back to 
his game or occupation. 

For stunt picture series in magazines, ela- 
borate ways of concealing the camera have 
been used — even by installing facades (such as 
half-silvered mirrors) in public places. F.P. 

See alio : Spy camera. 


CANDLE METRE. Unit of illumination also 
known as a metre candle, or a lux. It is the 
illumination of a surface one metre distant 
f rom a light source of one candle power. 

See also: Light units, 

CANDLE METRE SECOND. Photometric 
unit applied to exposure, now usually called a 
lux-second. 

See also: Ught units. 

CANDLE POWER. Formerly international 
unit of light intensity; the standard candle has 
an intensity of unit candle power. 

See also: Light units. 

CANVAS PRINTS. Canvas and other similar 
fabrics can be treated so that it is possible to 
print them with a photographic image. The 
printing may be carried out by contact printing 
in daylight or artificial light or by enlarging. 

See also: Fabric printing. 

CAPACITOR FLASH GUN. Flash gun in 
which the bulb is fired by the discharge from 
a small condenser. The advantage of the system 
is that it operates even when the dry battery 
which charges the condenser in the first place is 
getting weak. 

See also: Flash equipment. 

CAPTIONS. Some pictures are no use with- 
out a caption, some are better if they have one, 
and others do not need one at all. News, 
sporting, and technical photographs need 
captions to describe the people or things they 
show. And photographs that aim at conveying 
an idea — artistic, abstract, or humorous — 
generally need a caption to make the idea 
clearer than the picture itself can make it. In 
the third class there are the examples of pure 
photography, pictures which tell the whole 
story without any help from the caption. 

Photographers are not expected to write the 
captions for pictures they submit for publica- 
tion — caption writing for the press is a skilled 
technique that is best left to the editorial 
department. But editors do need the material 
for making the captions. Unless they get the 
right information with the photograph they 
are unlikely to use it. 

Essential Information. First they want to know 
who took the photograph. (If the sender did 
not take it himself, he will have to convince the 
editor that he owns the copyright.) So the 
sender must always attach his name and 
address to the photograph. It is always safer 
to write or stamp this on the back of the print 
because the covering letter might be mislaid 
and labels get unstuck. 

Then editors want to know who or what the 
photograph is about, where and when it was 
taken, and what are its points of interest from 
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the angle of their particular readership. This 
means giving complete names, dates, and a 
short write-up of the facts. All this can go on a 
typed sheet that can be stuck along one edge 
of the back of the print and folded over to 
protect the surface. 

If ever the photographer is asked to write the 
caption himself, the rules are simple. Do not 
include any information in the caption that 
is already clear in the photograph. Tell the 
reader anything that is not obvious in the 
photograph but which he must know if he is to 
be interested in what does appear. Make sure 
that the meaning is clear, even if it involves 
writing a longer caption. 

Whenever a photograph is taken with an 
eye on subsequent publication, all the relevant 
information should be written down at the 
time. If any people are featured in the picture 
it may be necessary to get their written per- 
mission to reproduce their portraits — or the 
promise of it — and their names and addresses. 
It may be extremely difficult or even impossible 
to get these facts at a later date. 

Creative Captions. So much for the pictures 
that must have a caption if they are to mean 
anything. But what about the pictures that 
are understandable without any caption but 
can be improved by a good one? 

These are the difficult captions to write for 
the simple reason that they need imagination. 
They are creative. They have more to do with 
fancy than fact. They are no longer bald 
descriptions; they are personal comments. 
This sort of caption starts before the picture is 
made. It starts with the idea behind the picture. 
That idea is the germ of the caption ; if there was 
no idea it is unlikely that there can be an effec- 
tive caption. 

Nevertheless, when it comes to the literary 
side of writing such captions, editors often 
prefer to do that themselves. 

Labels. But considerable thought is often given 
to pictures that do not need a caption at all. 
When the photograph tells the story itself, all 
the caption it needs is something to take the 
place of a reference number — a label. A straight- 
forward figure study or landscape is not im- 
proved by an obscure title when all it requires is 
a label. Nothing is gained by trying to give a 
suggestion of hidden significance to a picture 
that ought not to want it. 

A label is in fact a bare title or description, 
such as Derwentwater, or Collie dog and pups, 
without embellishments. 

A human portrait should be sufficiently 
interesting in its own right to be able to do 
without such forced afterthoughts as, Soliloquy, 
Meditation, Thoughts in Idleness and similar 
stale clichis. A figure study that cannot be 
sold without a fanciful caption will not be sold 
with one either. The task of the caption here is 
simply to identify the picture, and very simple 
labels will suffice: Nor ah, Dutch Girl, Model 
Resting. 


The same applies to landscapes. It is im- 
possible to make up for lack of beauty in a 
picture by adding a poetic caption like Evening’s 
Glory, or The Knell of Parting Day. And to 
go even further and add a complete quotation 
either distracts attention from a good photo- 
graph or focuses it on a bad one. Once again, 
the caption should be simple and unself- 
conscious: Cotswold Cottages not Mid Rustic 
Charm, and Ice on Wire Netting, not Nature’s 
Handiwork. 

For those who must have rules, the following 
general advice can be given. Be sincere. Be 
clear rather than simply brief. Be honest. (Do 
not use a caption to give a photograph a 
meaning that was not intended when the 
picture was taken.) Remember that while 
captions sell pictures, the pictures have to be 
worth buying. F.P. 

CARBOLIC ACID. Solution of phenol. 
At one time widely used disinfectant and pre- 
servative — e.g., of gelatin and organic moun- 
tants. 


CARBON ARC LAMP. This was the earliest 
form of commercial photographic lighting. It is 
produced by passing an electric current through 
two carbon pencils with their points in con- 
tact and then slightly separating the points. 
This process is known as striking the arc; it 
creates a flame of burning gas between the ends 
of the carbons. The gas itself and the ends of 
the carbons glow with an intense brightness, 
forming a compact light source which is parti- 
cularly suitable for projectors, floodlights, and 
other forms of controlled illumination. 
Improvements. The simplest type of arc lamp 
is known as the open or low-intensity arc. It 
contains an excessive amount of red light and 
consumes carbons at a relatively high rate. A 
great improvement was made by enclosing the 
arc in a glass globe with only a very restricted 
inlet for air. The enclosed arc tends to consume 
the air faster than it can enter the globe with 
the result that the pressure in the globe falls. 
Under the reduced pressure the gap between 
the carbons can be increased to as much as 
2 ins. (5 cm.), giving a long, violet flame of 
high actinic power. Carbons last much longer 
in the enclosed arc than in the open type; the 
burning rate may be as low as i in. per hour 
in a lamp of average size. 

Carbon arcs have been greatly improved in 
colour temperature and intensity by using 
cored carbons incorporating certain metallic 
salts, and by increasing the current loading 
of the carbons. A combination of the two 
methods forms the basis of the modem high 
intensity arc used in television studios, film 
studios and cinemas. 

Consumption. A typical low intensity arc 
consumes around 2 kilowatts with an efficiency 
of about IS lumens per watt, whereas a 
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high intensity arc may consume as much as 
13 or 14 kilowatts with an efficiency approach- 
ing 30 lumens per watt — i.e., almost twice as 
much light as the low intensity arc for a given 
power consumption. High intensity arcs with 
a working current of 200 amps, or even more are 
used for film studio lighting. 

Electrical Characteristics of the Arc. The 
carbons must be brought into contact and then 
separated to start or strike the arc. At the 
instant of contact the resistance between them 
is practically nil, so the circuit must include 
some form of ballast to limit the flow of 
current. In D.C. arcs the ballast consists of a 
variable resistor; in A.C. arcs A choke, or 
better still, a reactive transformer, is used. 

Once the carbons are separated and the arc 
is struck, the resistance varies according to the 
current passing and the type of arc. The im- 
portant figure in calculations is the voltage drop 
across the arc which may vary from twenty or 
thirty to as much as 160 volts. The supply 
volts must be greater than the arc volts, the 
difference being dissipated in the resistor 
(unless the arc is being run on A.C., when a 
step-down reactive transformer may be used) 
Where two or more arcs can be connected in 
series, less ballast is needed and the efficiency 
of the system rises in consequence. 

A.C. or D.C. When an arc is fed from a D.C. 
supply, the positive carbon bums away to 
form a hollow crater from which most of the 
light is emitted. This crater is treated as the 
light source when focusing the arc. The carbons 
are inclined at an angle so that the maximum 
amount of light is radiated in the most useful 
direction. 

When the arc is fed from an A.C. supply, 
each carbon is alternatively positive and 
negative so that the tips of both glow with 
the same intensity. Sometimes both carbons 
are sloped to form a “scissors” in which both 
craters point towards the desired direction. But 
the twin source still remains as a defect of this 
type of arc. 

When cored carbons are run on either D.C. 
or A.C. at a high current density — up to 10 



SC/SSOAS ARC. This is an A.C. arc ; craters are formed in both 
carbons. When used in projectors, etc., both carbons must be 
directed towards the condenser or other light collection system. 
The mast efficient control is a choke. The current is increased 
by withdrawing the iron core from the windings 



CARBON FEEDING METHODS. Top left: Stirrup feed; lifting 
the counterweight allows the carbon to drop. Bottom left: 
Motor feed; the speed is adjusted by a potentiometer feeding 
the brushes, thus controlling the feeding rate. Right: Solenoid 
feed; as the current decreases, the upper carbon drops. 

amps, per square millimetre — the main light 
no longer comes from the positive crater; it is 
radiated by a ball of incandescent gas between 
the carbons. This ball of gas approximates to a 
point source and has a colour temperature 
almost equal to daylight. This type of arc, when 
produced by an alternating current, shows a re- 
duced tendency to flicker at the frequency of 
the supply and it is for this reason the only 
A.C. carbon arc that is suitable for projection 
or film studio lighting. 

Feeding the Carbons. As the carbons are 
burned away in the arc, they must be closed up 
to maintain the gap or the arc will eventually 
go out. 

In the simple arc lamps fitted in lantern slide 
projectors and flood lights the carbons are 
individually adjusted by hand wheels on the 
outside of the lamp house, the operator observ- 
ing the effect on the arc through a deep violet 
or red window. 

Arcs used for overhead street and public 
lighting are controlled by a solenoid which 
automatically strikes the arc when the current 
is switched on and maintains the gap between 
the carbons. 

The high intensity arcs used in film studios 
and cinema projectors bum at a very high 
rate and so have to be fed automatically by a 
motor connected across the arc gap. As the 
carbons bum, the gap widens, the volts across 
it increase, and the motor speeds up. As the 
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carboDS approach each other, the volts across 
the arc fall, and the motor slows down. By a 
suitable choice of reduction gearing, the 
carbons can be kept moving in fast enough to 
compensate fortheamount of carbon consumed 
in the arc. 

S«e also: Discharge lamp; Point source lamp; Zirconium 
lamp. 

CARBON FILAMENT LAMP. Lamp in- 
vented by Sir J. W. Swan and Thomas Alva 
Edison; it was the earliest type of incandescent 
electric filament lamp. The light was given out 
by a fine filament of carbon heated by an 
electric current and mounted in an evacuated 
glass bulb. In the absence of oxygen, the fila- 
ment simply glowed instead of burning away. 
It gave a distinctly red light and was less effi- 
cient than the inert-gas-filled tungste n filament 
type. 

CARBON PROCESS. The carbon process is 
one of the control processes for making positive 
prints. Paper coated with a layer of carbon or 
coloured pigment suspended in gelatin is 
sold as carbon tissue. This is sensitized, and 
exposed under a negative. The exposed gelatin 
becomes insoluble in water, therefore the pig- 
mented image remains after the paper is 
“developed” by washing in warm water to 
remove the soluble gelatin. 

For many years the carbon process was 
favoured for exhibition prints, and the best pro- 
fessional portraiture. The process is capable of 
giving prints of great beauty, and it can repro- 
duce a wide range of tones. Prints can be made 
in a great variety of colours and they have the 
additional merit of being permanent. 

Sensitizing the Tissue. The tissue can be pur- 
chased in a range of sizes and colours. Before 
it is sensitized it will keep in a dry place inde- 
finitely. The tissue can be sensitized by artificial 
light and will dry in a few hours. 

The sensitizing solution is: — 

Pottssium bichromate 2 ounces 50 grams 

Water HO ounces 1,000 c.cm. 

Liquid ammonia *880 140 minims 7 c.cm. 

The best working temperature is 60° F. It 
should not be above 65° F. 

The solution is poured into a dish larger 
than the tissue to be sensitized and the tissue 
is immersed in it face down. Any air bells on 
the front or back of the tissue should be broken. 
Sensitizing takes three minutes. 

At the end of this time the tissue is lifted out 
and laid coated side down on a sheet of glass, 
and the surplus liquid is driven out with a 
fiat squeegee. The tissue is then pinned up to 
dry in a linen cupboard, or any other place 
which is warm and dark. The tissue does not 
become sensitive to light until it is almost dry. 
Some workers squeegee the tissue to a ferrotype 
plate for drying. 

When it is dry the tissue is sensitive and must 
be kept away from the light because the effect 


of light action once starters continuous. After 
drying, the tissue should be stored under gentle 
pressure to keep it flat for use. 

Printing. A negative must have greater density 
and contrast for carbon printing than for 
bromide enlarging. The thin type of negative 
that makes a good bromide paper enlargement 
will not make a satisfactory carbon print. The 
negative must also be given a “safe edge” so 
that the print will have a clean white margin. 
This is done by masking it with lantern slide 
binding paper. 

The print is made by contact As the surface 
of the paper is coloured, exposure does not 
produce a visible image and the correct time 
has to be found by trial. The usual plan is to 
print a negative of similar quality side by side 
with the carbon print on a piece of P.O.P., or 
self -toning paper. When the test paper shows 
an image of the right depth the carbon print is 
fully printed. 

With a constant light source like an arc it is 
easy to establish standardized exposure values 
for negatives of any given character. 
Development. During printing, a thin layer of 
insoluble tissue is formed over the top surface 
of the tissue. This layer would prevent the 
action of development, so for development it is 
necessary to transfer the tissue to another sup- 
port. If the final print is to show the image the 
right way round the tissue is transferred to a 
temporary support at this stage and from this it 
is transferred again to its permanent support. 
But if the negative image has already been 
reversed to allow for the transfer, or if there is 
no objection to a reversed print, the tissue at 
this stage is transferred straight to the final 
support. 

Once the tissue has been exposed, the action 
goes on even in the dark, so the print must be 
developed very soon after exposure. First the 
tissue and a sheet of transfer paper are placed 
together in cold water for about three minutes. 
The tissue will first curl up in the water and 
then uncurl. The film surface of the tissue is 
then brought into contact with the film surface 
of the transfer paper. Both sheets are picked up 
together and laid on a sheet of glass with the 
tissue uppermost. They are then squeegeed 
firmly into contact so that the solution and any 
air bubbles are expelled from between the two 
surfaces. The two are then placed under light 
pressure between blotting boards for about 
twenty minutes. 

The papers are then soaked in a dish of water 
at 100° F., tissue uppermost. In a few minutes 
small quantities of the soluble gelatin begin to 
emerge from the edges. When this happens, one 
comer of the tissue is raised and the whole 
sheet is lifted gently off the transfer paper. The 
transfer paper should slip by its own weight to 
the bottom of the dish and if the surfaces are 
at all difficult to separate, they should be allowed 
to soak longer. On no account should the papers 
be forced apart if sticking. 
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The support is now left in the warm water 
until “development” is complete. As the tissue 
is very tender at this stage it must not be 
touched, and it is a good plan to support the 
paper on a sheet of glass to avoid damaging it. 
Gentle rocking of the dish to make the water 
flow across the print helps to speed up develop- 
ment. Development is complete when all the 
soluble gelatin has been removed from the 
print. 

At this stage errors in exposure may be 
partially compensated for. Over-exposed prints 
can be reduced by raising the temperature of 
the water to 120° F. Under-exposed prints 
should be left to develop face down at a 
temperature of 90° F. 

When the print is developed it is given a 
rinse in cold water and then placed in a 5 per 
cent alum solution to harden the gelatin and 
to discharge the bichromate. It is rinsed again 
in clean water and then dried. 

Double Transfer. In ordinary single transfer 
carbon printing the image is reversed. It may, 
however, be printed the right way around by 
using the double transfer process. 

Printing and development is the same as in 
single transfer printing except that a temporary 
support takes the place of the single transfer 
paper. This support may be a sheet of either 
opal glass or celluloid, previously waxed and 
polished. 

The exposed tissue is transferred to this 
support, stripped, and developed in the usual 
way (see single transfer above). It is then dried. 


after which it is soaked in tepid water with the 
final support; the two are then squeegeed 
together and dried. After drying, the print may 
be stripped without difficulty. 

The carbon process can also be used for 
making colour prints, although carbro is 
now the more common method. 

Wet Carbon Process. When a carbon print of 
fair quality is needed quickly, the wet carbon 
process can be used. This is practically identical 
to the normal process except that the sensitized 
pigment paper is not dried before exposure. 

A sheet of thin celluloid -003 in. thick is 
first waxed and polished. The pigment paper is 
then sensitized in the normal way and then, 
while still wet, squeegeed into contact with the 
waxed celluloid. This sandwich is then placed 
in a printing frame (with the negative against 
the celluloid) and exposed. 

After exposure, development of the sand- 
wich is carried out in hot water as usual. When 
dry, the image on the celluloid is then trans- 
ferred to a final support in the same way as in 
the double transfer process. R.M.F. 

See also: Control processes; Pigment processes. 

CARBON TETRACHLORIDE. Solvent for 
removing grease and finger marks from nega- 
tives; unlike most such solvents, it is non- 
inflammable. 

Formula and molecular weight: CC1 4 ; 154. 

Characteristics: Colourless liquid with fairly 
pleasant smell. The vapour is toxic. 

Solubility: Does not mix with water. 


CARBRO COLOUR PRINTS 


Carbro is the oldest printing process in 
general use to-day and many people still con- 
sider that the quality of a really good carbro 
colour print cannot be quite equalled by any 
other process. If this is true, it is partly because 
the three colour images which go to make 
up the print are in relief and give depth and 
sparkle to the shadows. Other advantages are 
that it is possible to correct the register even 
if the separation negatives are slightly different 
in size: the process takes up very little working 
space and it is never necessary to have more 
than two dishes in use at one time. 

The cost of a first print is rather less than 
for dye transfer, but the cost of duplications 
is greater; the working time taken to make it 
is at least 2J hours. 

Carbro colour print materials are the same 
as for single colour carbro except that pigment 
papers of three colours are used and three 
transparent plastic supports and a paper tem- 
porary support are needed. 

The starting point for the process is a good 
set of separation negatives which may be made 
either from a transparency or direct from the 
subject. The actual process of making the print 
divides itself into four stages. 


(1) A set of three bromide prints is made 
from the separation negatives. 

(2) From the bromide prints a set of three 
colour pigment reliefs is prepared by the 
standard carbro method. 

(3) The three colour reliefs are superimposed 
in register on a temporary support. 

(4) The three-colour image is transferred to 
its final support. 

The Bromide Prints. The first step is to make 
three bromide prints, or enlargements, one 
from each separation negative. Non-super- 
coated paper should be used as this helps to 
get even chemical action between the bromide 
and sensitized pigment paper. The require- 
ments for the bromide prints are that they 
should be: 

(1) In balance, this means that any part of 
the subject which is white or grey should print 
with the same density in all three bromides. 
Some slight variations may have to be made to 
suit different batches of pigment paper. 

(2) Of sufficient density in the lightest part 
of the print just to affect the carbro pigment. 

(3) Of correct contrast for the pigment sensi- 
tizer in use. 
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TRICHROME CARBRO PROCEDURE. I. Making separation 
negatives by exposure through red, green, and blue filters. 
2. Processing. 3. Making bromide prints from the separation 
negatives. A. Sensitizing cyan, magenta, and yellow tissues. 
5. Squeegeeing into contact with the bromide print. 6. Squee- 
geeing tanned tissue on to temporary support. 7. Developing 
the reliefs in hot water, followed by chilling, drying, and re - 
soaking. 6. Registration and transfer. 9. Final transfer. 


Thefirst requirement is a problem common to 
all separate colour printing processes. The most 
reliable way of finding the relative exposure 
needed to balance the prints is by trial and 
error with a hard grade of bromide paper. A 
good densitometer can save much of the work, 
but the measured density differences between 
the separation negatives will usually have to 
be multiplied by a factor of between 1 and 1 -5 
to allow for the Callier effect of the enlarger, 
before converting to opacities. 

The density of the highlight and the contrast 
of the bromides is largely a question of experi- 
ence and of suiting the particular pigment 
sensitizer in use. 

If the separation negatives are of different 
contrast it will be found impossible to match 
the colourless parts of the subject both in the 
highlights and shadows. Adjustments for this 
can be made by using different grades of paper 
or by altering the composition of the bromide 
developer. However, it is usually safer to 
intensify one or more negatives or to vary the 
composition of the pigment sensitizer as 
between the three colour images. 

The Colour Reliefs. The next stage is that of 
making the colour reliefs. This depends on the 
principle that gelatin sensitized with potassium 
bichromate can be made insoluble either by 
the action of light or, in the case of carbro, by 
the chromium salts liberated when a silver 
bromide image is bleached. Specially prepared 
pigment papers are supplied in three colours, 
cyan (blue green), magenta, and yellow. They 
are made by adding colouring matter to gelatin 
and coating it on to paper. 

The pigment paper is first sensitized in a 
solution containing potassium bichromate and 
other chemicals and immediately brought into 
contact with the bromide print. 

There are a great number of published for- 
mulae for pigment sensitizing baths. They fall 
into two main groups: those employing a 
single bath and those calling for two separate 
solutions. 

The two bath method is sometimes recom- 
mended for those starting the process, because 
contrast control is simple and depends on the 
time of immersion in the second bath and 
because the manual dexterity required in 
bringing the bromides and tissue into contact 
need not be so great. The time of immersion in 
the second bath is, however, critical and the 
total time in the solution including the time 
taken to bring the pigment paper and bromide 
into contact varies from 20 to 45 seconds. 

The single bath formula is in many ways 
more straightforward and is particularly 
suited to prints of whole plate size or larger. 
Whichever sensitizer is adopted, it is most 
important to keep to one formula and to find 
out exactly the type of bromide print which is 
suited to it. Nearly all published formulae can 
give first-class results and it is a great mistake 
to keep on changing formulae. 
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The single bath sensitizer has the charac- 
teristic that the bleaching action starts imme- 
diately the pigment paper and bromide touch. 
This means that the two must be brought into 
firm contact quickly. A simple way of doing 
this is to take two sheets of celluloid and to 
hinge them together at one end. The bromide 
and the pigment paper are then placed facing 
each other on the two sides. They can thus be 
held apart until the instant when contact is 
made between them. They are pressed together 
either by passing them through a mangle or by 
rolling with a heavy roller squeegee. 

After allowing about a quarter of an hour 
for the chemical action between the bromide 
and pigment paper to take place the two are 
stripped apart and the pigment paper is 
squeegeed face downwards on to a transparent 
plastic support and left for 10 to 20 minutes. 
The type of plastic support used is rather im- 
portant because the surface must be able to 
hold the relief image during development and 
also allow it to transfer later on to the support 
paper. In the old days celluloid was used but 
this needed waxing to lessen the adhesion and 
success depended on striking a balance between 
too much or too little waxing. The wax also 
had to be removed from the surface of the 
images after transfer as otherwise the next 
image would not adhere. Nowadays there 
are two or three types of plastic obtainable with 
the right kind of surface and which do not 
require any treatment. 

The Temporary Support. After drying, the 
reliefs are transferred in tum to a temporary 
paper support starting with the cyan- image. 
This, on its transparent plastic support, is 
brought into contact with the paper support 
under water. After removing the sandwich 
from the water the two are squeegeed together 
firmly and allowed to dry. The paper support 
with the pigment image adhering to it is then 
stripped off the transparent support. The 
magenta and yellow images are then registered 
in tum and transferred on top of the cyan 
image. This is done in each case after removing 
the sandwich from the water by laying it down 
with the transparent support uppermost and 
moving the two sides in relation to each other 
before squeegeeing. 

It is possible to obtain register between the 
thre*-colour images even if the separation nega- 


tives are not of exactly equal size. This is 
because the temporary paper support can be 
slightly stretched in relation to the plastic 
support of the relief. Errors in registration of 
up to | in. on a 10 x 12 ins. print can also 
be corrected by bending the transparent support 
inwards or outwards and fixing it in this posi- 
tion while the image is being transferred. 

The Final Support. After the three images have 
been combined it is usual to transfer the 
composite image to a final support. This is not 
absolutely essential, but the temporary paper 
support is designed to assist the transfer of the 
pigment images; also, since the finished print 
must have the cyan image on top, a direct 
transfer to the final support would mean regis- 
tering the magenta on to the relatively pale 
yellow image, which is a difficult operation. 

The transfer is made by bringing the tem- 
porary and final support into contact under 
water, squeegeeing them together, and allowing 
them to dry down. The sandwich is then im- 
mersed in hot water, the backing paper of the 
temporary support is removed and the print 
is hung qp to dry. 

With carbro it is most important to have a 
good working time table so that the various 
operations which have to be carried out for 
each of the three colour images can be dove- 
tailed into one another and so that each image 
receives the same treatment at each stage. 

There are several interesting variations on 
the process and the colour images can be 
transferred to almost any surface previously 
coated with gelatin. 

It is sometimes said that carbro is a tricky 
process and it is true that it does sometimes 
develop faults which are difficult to locate. It is 
quite* common to find that two workers 
apparently using the same technique do not 
obtain equally successful results. The golden 
rule is to decide on the detailed technique to 
be followed and never change more than one 
variable at a time. Once the mechanics of 
bringing the bromide paper and pigment paper 
into contact and of making the various transfers 
has been mastered the process becomes straight- 
forward and enjoyable. H. 

U lustrations: Plate Section IV. 

See also : Colour print processes; Registering Images. 
Books: Am teur Carbro Colour Prints, by Viscount 
Han worth (London); The Autotype Colour Printing 
Processes (London). 


CARBRO PROCESS. In these days many 
photographers who want carbon prints usually 
make them by the carbro process. In this case 
the print is made from a bromide contact print 
or enlargment so there is no need for exposure 
by daylight and no limit to the size of the 
picture that can be made from the negative. As 
the negative can be reversed in the enlarger 
there is no need for double transferring or 


other means of making the print appear the 
right way around. 

The carbro process has all the advantages of 
the carbon process: choice of colour, per- 
manence of the finished print, quality of the 
image. 

The process was worked out by Thomas 
Manly about 1905. It was then called Ozotype. 
Manly first sensitized and made his prints upon 
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the final support. Later he found that the 
silver image of a bromide print could be made 
to affect carbon tissue and the result was the 
Ozobrome process which was presently im- 
proved and became the carbro process as it is 
used today. 

The Bromide Print. The basis of carbro is a 
bromide print that has been normally exposed, 
developed to finality, fixed, washed, and dried. 
Only a good quality bromide print will give a 
good carbro. The print must have a white 
margin to act as a “safe edge" to avoid frilling. 

For best results, the bromide print should be 
made on non-supercoated paper. Normal 
bromide papers have a supercoating over the 
emulsion to protect it from abrasion marks; 
this supercoating may cause chalky highlights 
if the print is used for carbro. For this reason, 
bromide papers are made specially for carbro 
work without the supercoating. 

The bromide print should ideally be slightly 
soft and of very full density to obtain a good 
quality carbro print from it. It should also be 
thoroughly washed and perfectly free from 
surface stains or deposits. 

Two-Bath Sensitizing. The following solutions 
are needed for the carbro process: — 


Stock solution A. 

Potassium bichromate 2 ounces 

Potassium ferricyanide 2 ounces 

Potassium bromide 2 ounces 

Water 40 ounces 


50 grams 
50 grams 
50 grams 
1,000 c.cm. 


One part of stock solution A is diluted with 
twice its bulk of water. This bath may be used 
repeatedly if filtered after use. 


Stock solution B. 

Acetic acid (glacial) 
Hydrochloric acid (pure) 
Formalin (40 per cent 
commercial) 

Water 


200 minims 
200 minims 

9 ounces 
300 minims 


10 c.cm. 
10 c.cm. 

220 c.cm. 
15 c.cm. 


For use 1 part of the stock solution is added to 
32 parts of water. This should be used once 
only. 

The bromide print is soaked in cold water 
for ten minutes. A piece of carbro tissue, J to 
1 in. larger than the print, is sensitized by 
soaking it for 3 minutes in the diluted A 
solution. Care must be taken to brush away 
any air bells clinging to the front or back of the 
tissue. The dish should be rocked gently. 
Sensitizing takes 3 minutes. Just before the 
sensitizing time has elapsed the print is taken 
from the water and laid face upwards on a 
sheet of glass. 

The tissue is taken from the A bath, allowed 
to drain and then placed in the diluted B 
solution. The time in this bath varies from 
13 to 25 seconds according to the brilliancy 
required in the final print. The longer the pe- 
riod of immersion the softer the print. 

The tissue is next taken from the second 
bath and laid face down on the bromide print, 
starting from one side and lowering the tissue 


into place to expel the air and prevent air 
pockets from forming. The tissue is then 
pressed firmly into contact with the print with 
a flat squeegee. Chemical action begins almost 
at once, so any movement between the tissue 
and the print must be avoided or it may cause 
a double image. 

The print and tissue are then lifted from the 
glass and left for about twenty minutes between 
several sheets of greaseproof paper under light 
pressure. 

During this time a piece of transfer paper is 
put to soak in water. Ordinary paper should 
have 10 minutes; thick paper rather longer. 
After soaking, the transfer paper is laid upon a 
sheet of glass ready for the carbon tissue. 

The bromide print and the tissue are now 
carefully separated by lifting one comer of the 
print and pulling the two apart. The bromide 
print, which will be found to have bleached, is 
put into water to be redeveloped later, and the 
tissue is placed, coated side down on the 
transfer paper, and squeegeed into contact. 
The two are put under light pressure between 
sheets oT paper for twenty to fifty minutes. 

Hot Water Development. When the pigment 
paper and transfer paper have been in contact 
for the correct time, the two still in contact 
are placed in a dish of water at a tempera- 
ture of 95° F. to 100° F. After a short time the 
pigmented gelatin will be seen oozing from 
between the tissue and the paper. The two are 
then separated by pulling them gently apart 
under water. If they do not part freely they 
should be left a little longer. After the two are 
separated it will be found that the pigmented 
gelatin has been transferred to the transfer 
paper. Development now proceeds as in the 
carbon process until all the free pigment dis- 
solves away and leaves the print behind. The 
dish may be rocked, or water may be poured 
over the print to assist development. This must 
be done carefully because the image is very 
tender at this stage. For the same reason the 
surface should not be rubbed or fingered. 

When development is complete the print is 
placed in a 3 per cent solution of alum to 
remove the yellow bichromate tint from the 
highlights. It is then washed for five minutes 
in several changes of water and pinned up to 
dry. 

The bromide print may be redeveloped in 
any non-staining developer and either kept as a 
bromide print or used ;o make more carbros. 
(It is unwise to try to make more than five or 
six.) The effect of repeated bleaching is to 
intensify, and many bromides are in conse- 
quence better after being used for making 
carbros. For the same reason subsequent 
carbros are of ten better than the first. 

By an extension of the carbro process, very 
satisfactory colour prints can be made. R.M.F. 

See also: Carbro colour prints; Control processes; Pig- 
ment processes . 

Book: The Autotype Carbro Process (London). 


130 



CAR 


CAREERS IN PHOTOGRAPHY 


Photography is a highly specialized technique 
with applications in practically every field of 
human activity, so it offers a bewildering choice 
to those who wish to take it up as a career. 
Scope. Within the province of photography 
proper there is a whole range of paid employ- 
ment in the various types of studio; there are 
proprietor-operated establishments which can 
be bought or built up, and there are oppor- 
tunities in the free-lance field. 

Apart from the various types of photographic 
establishment, there are the photographic 
departments of industries, public utilities, 
hospitals and research establishments. These 
offer specialized careers calling for a sound 
knowledge of photography plus qualifications 
in the particular subject concerned. 

Twenty or thirty years ago most professional 
photographers were owners or managers of 
businesses, or working in such establishments. 
But today, industry, the Civil Service, national- 
ized industries, the public utilities and the Health 
Service together employ a very large number of 
photographers in a wide variety of work. 
Persohal Qualifications. Success in any branch 
of photography depends largely on the 
character of the photographer and his particular 
aptitudes. Broadly speaking, the good adver- 
tising and fashion photographer needs the same 
attributes as the painter: powers of observa- 
tion beyond the average and marked creative 
ability. The photographer engaged in industry 
or science needs care, precision and attention 
to detail: the sort of person who likes making 
things and working out constructional prob- 
lems will do well in such work because it 
calls for resourcefulness in the constant applica- 
tion of photography to new problems. 

Portraiture, which is one of the most diffi- 
cult branches of photography, calls for a very 
real liking for people in general and great in- 
sight. In half an hour or less the portraitist 
must be able to discern something of the 
character of his subject which long-familiar 
friends and relations will recognize and find 
natural. This calls for unusual qualities of per- 
ception and a gift for handling people in 
addition to artistic feeling and sound technical 
ability. Students often do not discover their 
special aptitudes for this or any other branch 
until they have embarked on their photo- 
graphic training. 

Training. For all branches of photography the 
same basic training is necessary. In the exami- 
nations of the Institute of British Photo- 
graphers, which provide the professional 
qualification, all candidates take the same 
examination at the Intermediate level, where 
general all-round competence is required, and 
only specialize at the Final examination. 

There are two ways of obtaining the necessary 
training. At one time apprenticeship was 
common in the profession and today a number 


of young people still get their first training in a 
photographic establishment. (In such cases 
they should see that there is some definite 
agreement to provide training.) Photographic 
schools, on the other hand, have expanded 
and a number of schools of photography in 
different parts of the country now provide a 
two years’ course of training. Medical photo- 
graphers may train in London, where a school 
has been set up in eight of the leading hospitals. 
This school provides a full-time day course of 
nearly two years under working conditions 
leading to the Final examination of the In- 
stitute of British Photographers in medical 
photography. 

The normal way to take up press photo- 
graphy is to start as a boy in a newspaper or 
press agency office, reaching the position of 
junior photographer in about five years. 

In the U.S.A. photographic courses are 
organized by certain colleges as part of their 
curriculum, and the colleges even award 
degrees. Apart from that, however, no standard 
examination system exists comparable with 
that in Britain. 

Commencing a Career. Some believe that with 
adequate training and qualifications, they 
should be able to start their own photographic 
studio or establishment. This, however, 
requires more than training, capital and busi- 
ness acumen. It requires experience. It is wise 
to gain experience through employment for 
some years before attempting to launch out on 
one’s own, whatever branch is adopted. 
Employment as Camera Operator. The beginner 
in any photographic department or studio will 
rarely start as a camera operator and this is 
a good thing, because a good operator needs 
working experience. 

Industry employs a large number of photo- 
graphers and the demand is growing. Staff 
are required for nearly every application of 
photography from press and public relations 
work to the precision techniques used in testing, 
measuring and research. Junior photographers 
are recruited mostly from schools of photo- 
graphy, although some firms prefer to train 
their own. Examination qualifications are 
looked for. 

Public utilities and the nationalized indus- 
tries can be classed with industry and the same 
remarks apply. 

Civil Service photographers are quite 
numerous and are engaged in a great variety 
of the applications of photography. They are 
recruited, generally, as juniors, who are 
expected to pass examinations to retain their 
appointments. Trained and experienced photo- 
graphers are, however, sometimes recruited by 
open competition. Promotion is largely depen- 
dent on examination qualifications. 

Medical photography absorbs only a 
few. The employment is in hospitals and 
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universities. Examination qualifications are 
almost invariably required (see notes on 
training above). 

Press photography again is a somewhat 
limited field. 

The Final examination of the Institute has 
specific categories, such as commercial and 
industrial photography, portraiture and the 
scientific applications of photography. Any 
one of these qualifies for the Associateship of 
the Institute of British Photographers, but that, 
of course, entails membership. 

Portrait studios, commercial and industrial 
photographic establishments are generally 
small units, in which the proprietor is the chief, 
and sometimes the only camera operator. 
There is a growing tendency to recruit school- 
trained personnel, although many establish- 
ments are still prepared to train their own staff. 
Other Employment. There are various types 
of employment to be had in photographic 
establishments apart from the actual taking of 
photographs. It is usually necessary, and 
certainly desirable, to obtain experience in 
processing and printing at the beginning of a 
career in photography. Indeed, these and other 
occupations in photographic establishments 
provide satisfying careers in themselves. 

The people who develop or process the nega- 
tives also do an important job, because unsatis- 
factory work at this stage may be irreparable. 
Modem darkrooms should be clean and well 
ventilated, and comparable with science 
laboratories from the worker’s point of view. 

Photographic printing is interesting and 
attractive work. A very high degree of skill 
can be attained in it and there is no doubt 
that the highly-skilled printer can be as 
valuable in any photographic department 
or establishment as the operator. The Institute 
of British Photographers award their Associate- 
ship to printers who are able to pass the senior 
test in photographic printing. There is much to 
be said in favour of photographic printing as a 
career, for the demand for skilled printers 
greatly exceeds the supply, while there is 
generally a small surplus of camera operators. 

The retoucher requires some artistic ability 
and again need not have photographic training, 
although a good general knowledge of photo- 
graphy is helpful. The work calls for some 
ability with pen and brush, a sense of judgment 
and a keen appreciation of light and shade, 
form and texture. Retouchers are mainly em- 


ployed in portrait studios and in commercial 
and advertising work; the latter demanding 
the higher standard of artistic ability. There is 
always a shortage of good retouchers, particu- 
larly in commercial photography, and they 
are very much sought after. Most retouchers 
are women. 

Finishing again is generally a job for a 
woman. The finisher is responsible for the final 
appearance of the print, spotting to correct 
small blemishes, and mounting. The ideal 
combination is a retoucher-finisher who has 
the skill necessary to carry out the complicated 
corrections so often called for in commercial 
subjects. 

In work for reproduction where very highly- 
skilled craftsmanship is called for, it is usually 
carried out by a process finisher who must be a 
capable commercial artist. 

The receptionist is an important member of 
the portrait studio staff, and in many instances 
the success of the business largely depends upon 
her skill. She does not require a photographic 
training, but needs to be interested in people 
and photography and to be able to inspire con- 
fidence; she must also be a good saleswoman. 
She may undertake the clerical work of the 
business and in some instances the accounts. 
Salaries. No attempt is made here to give 
guidance on salaries because they are con- 
stantly changing, and there is very consider- 
able variation according to the field of employ- 
ment. 

Civil Service photographers have a scale of 
salaries negotiated by the Whitley Council. 

Medical photographers employed in the 
Health Service have a scale similarly negotiated, 
but on a lower level. 

Press photographers are paid according to a 
scale negotiated by the National Union of 
Journalists with the national newspapers and 
agencies. 

In industry, there are great variations which 
appear to depend largely on the attitude 
towards photography in each fim-some 
grading it with clerical work and others with 
technical or scientific activities. 

In photographic businesses, again, there is 
considerable variation. On the whole, higher 
salaries are paid in industrial and commercial 
establishments than in portrait studios. A.F.B. 

See also: Examinations; Professional photography ; 

Training for photography. 

Book: Photography as a Career , ed_ by A. Kraazaa- 
Krausz (London). 


CAREY-LEA, MATTHEW, 1823-97. Ameri- 
can chemist. Carried out many photo-chemical 
researches: advised the use of green glass for 
safelights in darkrooms and for the better 
preservation of sight. Introduced the mordant 
dye pictures (1865). Investigated the latent 
image and the development process, especially 
ferrous oxalate developers (1877-80). 


CARTRIDGE. Term applied to a type of 
packing for 35 mm. film in measured lengths; 
nowadays more commonly known as a 
cassette. 

CASES. Cameras and their accessories are 
fragile pieces of equipment needing protection 
when they are being carried about. 
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Block Form Cases. The ordinary camera case is 
constructed like a box with a flap covering the 
top and held down by press studs or a tongue 
and buckle. When designed to hold a folding 
camera, it has rounded corners and is fitted with 
a carrying strap which allows it to be carried 
slung over the shoulder. Block form cases for 
rigid cameras, e.g., box and reflex cameras, 
and for heavier types, e.g., technical and view, 
have a handle on top of the case and the lid 
is firmly held down with straps. Such cases 
usually have a compartment for half a dozen 
plate holders, alternative lenses and focusing 
cloth. 

Ever-Ready Cases. It is usual nowadays for 
camera cases — and sometimes exposure meter 
cases — to be designed so that they can be left 
in position without affecting the use of the 
instrument. A case of this type is known as an 
every-ready case. The camera is generally held 
in its ever-ready case by a screw which fits the 
tripod bush. As a rule, the top and front of the 
case are formed by a single flap of leather that 
folds down uncovering the self-erecting front 
of the camera, or the lens and the range finder, 
viewfinder, etc., allowing them to be operated 
normally while in the case. 

The flap of an ever-ready case should hang 
clear of the field of the lens when it is open. In 
some cases the material is stiff and tends to 
spring back and obscure the view of the lens 
although the intrusion is not apparent in the 
viewfinder. With the type of case in which the 
flap folds down behind the camera instead of 
hanging in front, the trouble cannot occur. 

The screw which holds the camera in the case 
may itself be drilled and threaded to take the 
tripod screw. This enables the camera to be used 
on a tripod without taking it out of the case. 
Hold-all Cases. The miniature camera and its 
range of accessories cannot be carried about 
conveniently in separate cases. Specially 
designed hold-all cases are available to take 
the whole outfit. They are made either in the 
form of an attache case with fitted compart- 
ments or arranged as a shoulder bag. For out- 
door photography it is more convenient to 
have a bag with a shoulder sling. 

Hold-alls are made either for general use 
with any equipment, or tailor-made for 
specific makes. Some also have adjustable 
compartments, formed by means of press 
studs, so that the inside can be arranged to suit 
the combination of equipment in use. 

CASSETTE. Light-trapped metal or plastic 
container for a length of film to enable it to be 
loaded into a camera in full light. It is an alter- 
native to spooling the film with an opaque 
backing paper, and is used mainly for per- 
forated 35 mm. film. 

In the standard type the bare film is wound 
on a spool in darkness or safe illumination, and 
then placed in a cylindrical cover with the end 
of the film projecting from a light-trapped slit 






STANDARD CASSETTE. Left: Complete cassette. Centre: 
Shell with velvet-lined slit, and lid. Right: Spool. 


in the side. The cassette is placed in the loading 
chamber of the camera and 4 ins. or so of the 
film drawn off to attach the end to the camera’s 
take-up spool. On closing the camera this 
fogged end has to be wound off by advancing 
the film two or three frames. 

After exposure the film has to be rewound 
into the cassette before it can be removed from 
the camera. The cassette spool is therefore 
keyed to engage with the rewinding knob fitted 
to the camera. The other end of the spool has 
a short extension which projects from the 
cover so that it may be turned by hand if 
required. However, a few cameras are designed 
to use a take-up cassette to obviate rewinding. 
Film Manufacturers’ Cassettes. 35 mm. film is 
supplied in cassettes ready for loading into the 
camera. These are of simple construction, the 
slit or “mouth” of the cassette having a light 
trap of velvet or plush. This material is some- 
times carried right round the interior of the 
cover, the two ends projecting from the mouth. 
They are not intended to be used again, but 
usually they may be loaded two or three times 
if care is taken to keep the plush clear of grit 
particles, which will otherwise scratch the film. 
The mouths of metal cassettes can be opened, 
after removing the end caps, to brush the plush. 
Reloadable Cassettes. These are substantial 
camera accessories. They are accurately made, 
usually in brass with a black anodized finish, 
and may be used only in the make of camera f or 
which they are designed. There are, however, 
certain universal cassettes that can be used 
with many 35 mm. cameras for which reload- 
able cassettes are not otherwise provided. 

In addition to being reloadable and more 
substantial, these cassettes are designed to 
dispense with the plush light trap; instead of 
the film being drawn through plush, it leaves 
the cassette through a wide opening to eli- 
minate the possibility of cassette scratches. 

The body consists of two accurately made 
sleeves, one sliding within the other. In each 
there is a longitudinal opening. When the spool 
of film is inserted and the cassette assembled, 
the inner sleeve is rotated so that the openings 
are diametrically opposite, and the cassette is 
therefore light-tight. The sleeves are machined 
to permit the end of the film to project. When 
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FILM LENGTHS FOR VARIOUS NUMBERS OF 
EXPOSURES 


Number of 
Exposures 

Lent 

fi 

[Ul of 
Im 

Number of 
Exposures 

Length of 
film 


in. 

cm. 


in. 

cm. 

| 

101 

27 

20 

39 

99 

2 

ia 

30 

21 

40* 

103 

3 

131 

34 

22 

42 

107 

4 

15 

36 

23 

43* 

1 10 

5 

161 

42 

24 

45 

114 

6 

IB 

46 

25 

46* 

116 

7 

191 

50 

26 

46 

122 

6 

21 

53 

27 

49* 

126 

9 

221 

57 

26 

51 

130 

10 

21 

61 

29 

52* 

133 

II 

251 

65 

30 

54 

137 

12 

27 

69 

31 

55* 

141 

13 

201 

72 

32 

57 

145 

14 

30 

76 

33 

56* 

146 

15 

311 

60 

34 

60 

152 

16 

33 

64 

35 

61* 

156 

17 

311 

88 

36 

63 

160 

16 

36 

91 

37 

64* 

164 

19 

371 

95 

38 

66 

168 

the cassette 

is loaded 

into the 

camera, 

, the 


mouth is opened by turning the inner sleeve 
until the two openings coincide. This may be 
done automatically on closing the camera; 
hence the term “self -opening” that is often 
applied to these cassettes. Alternatively, the 
film may pass through a light-trapping channel, 
requiring no opening movement. 

Loading Refills. 35 mm. film refills for reload- 
able cassettes are normally provided in lengths 
for 36 exposures 24 x 36 mm. The standard 
over-all length is 1 -6 metres (5 ft. 3 in.) which 
allows for about 9 ins. of free film to provide a 
long leading end and a shorter spool end. The 
leading end is trimmed to half its width for 4 
to 5 ins., which is necessary for the film to lead 
on to the top sprocket of a number of miniature 
camera models. The other end is trimmed to a 
“V” for attachment to the cassette spool. 

The film is loaded into the cassette in the 
darkroom. The end is attached to the spool by 
means of the slot or clip, and the film wound on 
to it by turning the spool with the right hand 
whilst feeding the film from the left hand, 
checking the edges with the thumb and fore- 
finger to apply light pressure. Mechanical film 
winders can speed up this operation. 



SELF-OPENING CASSETTE. Left: Complete cassette. Centra 
and Right: S pool, Inner shell , outer shell. The cassette is 
opened Inside the camera by turning the Inner shell ( usually by 
tne camera locking key) so that the slots coincide. 


Refills may also be supplied for daylight 
loading. The film is ready wound on a spool 
and is protected by a black paper leader 
attached to its end. The spool is inserted in the 
cassette with the paper leader projecting from 
the light-trapped slit. The leader is then drawn 
ofT to bring the end of the film through. 
Loading Bulk Film. 35 mm. film for still cameras 
is supplied in untrimmed lengths up to 100 feet 
or 30 metres. The required length is cut off 
in the darkroom, the ends trimmed to shape, 
and loaded into the cassette. Scissors may be 
used to trim the film by “feel”, or better a 
metal template may be used and the film shaped 
by running a knife round its edge. If the film 
length is cut off to the trimmed shape using the 
template, a tongue of the correct shape is left 
on the film stock and will serve for the next 
loading. This is the most economical way of 
cutting. H.H. 

See alio: Charger for cassette. 

CATCHLIGHT. In a portrait, tiny highlight 
on the eye created by the reflection of a bright 
light source. 

If there are no catchlights in a portrait the 
eyes tend to look lifeless and the eyeball lacks 
roundness. So it is common practice when re- 
touching a portrait to add catchlights by 
applying a spot of reducer with a brush. The 
catchlight must be applied where the principal 
light source would normally create a reflection. 

CATECHOL. Developing agent; pyrocatechin. 
Used in tanning developers and has been em- 
ployed in some fine grain formulae. 

CATHODE RAY TUBE TRACES. The 
cathode ray tube is a modem scientific tool 
with a wide and ever increasing field of appli- 
cations (television is the most popular of these). 

The tube is an evacuated glass bulb in which 
a narrow stream of electrons emitted by the 
cathode is made to pass between pairs of plates. 
When a voltage is applied to these plates it 
deflects the stream of electrons from its straight 
path. This arrangement forms a delicate and 
weightless recording instrument which will 
follow very rapid changes in the magnitude of 
the deflecting voltage. So any physical change 
(which need not necessarily be electrical) that 
can be made to modify the deflecting voltage 
can be reproduced as a visible trace on the 
end of the tube. 

Types of Trace. Tne movement of the electron 
beam can be recorded either directly on a photo- 
graphic plate, or indirectly by photographing a 
fluorescent screen which glows where the beam 
strikes it. Since the cathode ray itself leaves no 
lasting trace, scientists naturally want to be 
able to make permanent photographic records 
of any traces that interest them. The photo- 
graphic method used depends on the type of 
trace to be recorded. There are four principal 
types: traces which record the same change 
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CATHODE RAY TUBE. A, control grid ; B, electron gun; C. 
vertical time base; D, horizontal time base; E, fluorescent 
screen coated on Inside of tube; F, deflector plates. 


repeated at regular intervals (repetitive); 
traces of single transient events — i.e., events 
that happen once only; traces that are con- 
tinuously changing without ever repeating 
themselves (slow, non-cyclic); and traces that 
repeat at regular time intervals but may be 
different each time (cyclic, non-repetitive). 
Methods. Transient and repetitive traces may 
be photographed on a stationary film or plate. 
A transient trace occurs once only, so it is 
more difficult to photograph than the trace of 
a regular cyclic event to which the plate can be 
left exposed until it has built up an image of the 
required density. 

Non-repetitive and non-cyclic events may be 
photographed on a film wrapped around a 
revolving drum and moving at right angles to 
the path of the trace. In this case a time base 
may be added to the photograph by applying 
a regular voltage pulse to a second pair of 
control plates set across the beam. 

Slowly changing cyclic events may also be 
recorded by a cinematograph camera so long 
as the time interval during which the shutter 
remains open is long enough to include more 
than two complete cycles. 

Photographic records of traces obtained by 
such met ods have two great advantages; they 
are permanent, and they can be enlarged for 
more detailed study. The recorded traces can 
also be compared directly and stored for 
reference. When traces are over so quickly that 
the eye cannot see them it is possible to photo- 
graph them automatically. Even when the 
phenomena occur at irregular intervals there 
is no need for a constant watch to be kept on 
the apparatus. 

Continuously Evacuated Tubes. When the trace 
is recorded by allowing the beam to impinge 
directly on the photographic material, the film 
or plate is actually put into the tube. Such work 
calls for a continuously evacuated tube. This 
is a tube which can be opened up to allow the 
sensitive material to be inserted, and then 
hermetically sealed. It is then evacuated by a 
vacuum pump. The film or plate inside is kept 
covered with a metal shutter which can be 
opened at the time of exposure. 


Exposures as short as 10-* seconds can be 
made with this type of apparatus, but the.tubes 
are bulky and expensive. They also take a 
long time to reload because the air has to be 
pumped out again each time the tube is opened 
to change the sensitive material. Tubes of this 
type can be made to accommodate both still 
and drum type cameras. 

Permanently Evacuated Tubes. Permanently 
evacuated and sealed tubes are more generally 
used than the type just described. With these 
tubes traces may be recorded by the direct 
action of the electrons on the photographic 
material. In this method, the tube is equipped 
with a window (generally of thin metal foil) 
which is thick enough to maintain the vacuum 
but thin enough to let the electrons pass 
through. Suitable windows are made of 
aluminium, glass, or Cellon, about 0 001 cm. 
thick. The sensitive material is exposed to the 
rays after they pass through the window so that 
all the photographic equipment remains out- 
side the tube and at atmospheric pressure. 
Fluorescent Screens. Traces can also be photo- 
graphed by fitting a screen of transparent 
fluorescent material into the end of the tube. 
When the electron stream strikes the screen it 
creates a visible fluorescent image which per- 
sists long enough to be photographed. The 
fluorescent image may be recorded by normal 
photography, as in mass miniature radiography 
or by exposing sensitive paper or film in con- 
tact with the screen. Prints made by contact 
can never be absolutely sharp because of the 
thickn s of the glass wall of the tube, and the 
grain of the screen sets a limit to the sharpness 
of images recorded by normal photography. 

Contact printing must, of course, be carried 
out in darkness or by a suitable safelight, but 
when a camera is used it can be connected to 
the tube by a light-tight extension. 

Cameras for this type of fluorography need 
fast, coated lenses of the order of/1 -9 to/ 1 -0, 
and the shutter may have to be synchronized 
with the spot so that the film will not be 
affected by the afterglow on the screen which 
may last up to five seconds. The type of film 
used, whether ortho, or pan, depends upon the 
colour of the fluorescence. This varies accord- 
ing to the coating material. As a rule develop- 
ment is prolonged to give a high contrast 
image, and in addition, it is often necessary to 
intensify the image, especially when dealing 
with high-speed writing made at anything up to 
5,000 km. /sec. (one-sixtieth of the speed of 
light). 

Drum cameras are used for recording non- 
cyclic traces. The film is wound around a drum 
which is made to rotate at a suitable speed. The 
drum may be up to 50 cm. diameter and the 
speed of rotation may reach 6,000 r.p.m. It is 
enclosed in a light-tight housing with a slit 
behind which the moving film is exposed. A 
shutter uncovers the slit at the instant of ex- 
posure. 
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With this type of apparatus, very brief 
traces, can be photographed at film speeds as 
high as 50 metres per second. For longer traces 
it is necessary to use a camera in which a 
length of film is wound off a storage spool and 
on to a take-up spool after exposure. 

Where the record to be made is complex, like 
a television picture or a radar screen, a con- 
tinuous record may be made with the normal 
type of cinematograph camera using a wide 
aperture lens and a high-speed film. G.T.S. 

See also: Oscillograph recording; Television screen photo- 
graphy. 

Book: The Photography of Cathode Ray Tube Traces , 
by Word Ltd. (London). 

CATS AND KITTENS. Guile, persuasion, 
and even tempting tit-bits are wasted on the 
cat that does not want to co-operate. Unlike 
the dog, it will not obey commands, and unless 
it is in the right mood, it is a waste of time to 
attempt to photograph it; it should be left until 
another day. Many cats fear strangers, and 
most seem to sense whether a person is genuinely 
fond of their species or not, and react accord- 
ingly. Cats and kittens are small animals. Only 
cameras which permit the use of close-up 
lenses, or which have sufficient focusing exten- 
sion will give really satisfactory pictures. If 
the camera is not suitable for going close 
enough to fill most of the negative with the 
animal, it is better to try for pictures of some- 
body holding a cat or the cat as a part of a 
more general scene. 

Going close with a camera means that the 
viewfinder needs to be free of parallax, and 
that focusing must be most accurate. 
Out-of-Doors. A sky background is perhaps 
even more suitable for a cat outdoors than a 
dog, since the cat is by nature a climber. The 
photograph should always make the most of 
the animal’s good points. For example, if it 
has a strikingly-marked face, it will be worth 
while trying to get a close-up of the head. This 
might be tackled by putting the cat on some- 
body’s lap who can calm the animal by strok- 
ing it, with the hand just out of picture. If one 
tries to hold on to a cat by force it will only 
struggle to get free, and will never yield a good 
picture. The animal must be at ease. In the final 
picture only the head of the cat would be 
shown. The beauty of close-up shots of this 
sort depends largely on getting them pin sharp. 

With the cat on somebody’s lap and the 
camera close enough to photograph the head of 
the cat only, the background will be out of 
focus even at the smallest stop. A small stop 
is necessary because of the lack of depth of 
field with such a close picture. Sunshine will 
therefore be best, and the more effective pic- 
tures will be those taken with sidelight or 
against the sun. 

The best place to photograph a cat is where 
one finds it. In other words it is usually better 
to take the camera to the cat and not the cat to 


the camera. If it becomes necessary to place the 
animal, it should be put in a spot from where it 
cannot escape so easily, like the top of a garden 
wall, a small table, or a window ledge. 

Generally speaking, at least some pictures 
should be taken from the level of the cat. This 
means holding the camera down on the ground, 
or putting the cat higher up. But any angles 
may give a good picture. 

Added Interest. Cats are so varied in their 
expressions and habits that there is no need 
to be satisfied with stereotyped studies. After 
the cat has had a saucer of milk, there is 
generally an interval for licking and cleaning. 
This is a good time for photographs. There are 
pictures to be made from a yawn or miaow, 
sharpening claws or stretching. In every case 
the secret of getting an interesting shot lies in 
foreseeing the picture in time to photograph it. 

These and similar pictures call for a shutter 
speed of 1/100 second or faster. 

The colour of the animal will have to be 
taken into consideration when determining the 
exposure. It is easy to see that a white cat needs 
less exposure than a dark one, if the picture is 
to show detail and texture in the animal’s coat. 
Panchromatic film will be advisable for most 
cats. 

White cats are every bit as difficult to photo- 
graph as black ones. Often a white cat will make 
a better picture in the shade. Siamese cats are 
also tricky; not only are they temperamental 
but their dark faces and light bodies present 
an exposure problem. 

The most important features of a cat are its 
eyes and its whiskers. Both should be rendered 
perfectly sharp; the general rule is to focus on 
the eyes of the animal. Strong sidelight can 
sometimes throw shadows on part of the eyes 
or make one eye appear much darker than the 
other. 

In extreme close-ups the cat may squint 
as it watches the camera. A most natural thing 
to do, but it will spoil the picture for most cat 
fanciers. 

It is never difficult to attract the attention of 
the subject. Cats are keenly interested in all 
strange movements and noises. Flapping of a 
handkerchief, hissing, or calling the cat by 
name is enough to get it to look in the desired 
direction. 

Food and drink are useful bait, and even 
when they have been disposed of, a full and 
contented cat is less likely to be temperamental 
than a hungry one. 

Indoors. Left to themselves, most cats will 
select a sunny spot to lie down in. This weak- 
ness for warmth is a great help. Indoors the 
cat will usually bask happily in direct sunlight 
on a window-ledge, which is both a charac- 
teristic setting and an ideal spot for a photo- 
graph. Also, the warmth of the fireside and a 
soft cushion will hold it for some time, and 
allow ample opportunity to set up tripod, lights 
and reflectors (so long as no ends of flex are 
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allowed to dangle temptingly during the pre- 
paration). 

It is best to prepare all lights and the camera 
before attempting to make the cat settle down. 
The warmth of your lamps may help to settle 
the animal, but if the job takes too long, and 
if the lamps are near, the cat may go to sleep. 

Photofloods — as opposed to flash — have the 
advantage of rendering the cat’s pupils as slits 
and not as large round openings which look 
most un-catlike. When using flash it is advis- 
able to have either daylight or one other lamp 
on at the same time in order to make the cat’s 
pupils contract. 

Kittens. The natural curiosity of kittens lends 
itself to picture-making. A cotton reel or an 
empty box never fails to inspire them to a bout 
of hilarious clowning. Here also the table-top 
technique is the most convenient. Once the 
subject is confined within the limits of the 
table-top (and the depth of field of the lens), it 
is easy to attract its attention in any desired 
direction by dangling a string or making a 
sudden noise. 

The more convincingly small and helpless a 
kitten can be made to appear in a photograph, 
the better. This can be done by including some 
object in the picture area to contrast with the 
kitten. Hard, angular box shapes will emphasize 
its fluffiness, a shopping basket accentuates its 
relative smallness, and so on. But the animal 
should never be decorated with bows of ribbon 
and frills. In all other particulars photo- 
graphing kittens does not differ from photo- 
graphing cats. P.J. 

See also: Pets. 

Book: All About Cats and Kittens , by P. Johnson 
(London). 

CAUSTIC OF LENS. If a simple converging 
lens is considered as consisting of a series of 
concentric rings, the focal length of these rings 
gets progressively shorter as the diameter of 
the rings increases. So when parallel rays of 
light fall on the lens, the rays from the edges 
converge more steeply than those at the centre. 



CAUSTIC CURVE. Rays from the edges of a simple positive 
lens converge more strongly than central rays. In crossing each 
other the sets of rays f orm a brilliant curve of light. 


This means that each ray crosses the path of its 
next outside neighbour. Where the rays cross 
they produce a point of high intensity. All these 
points of high intensity lie on a curve called 
the caustic of the lens. 

A curve of this type can be seen on the top 
of a cup of tea when the sunlight is reflected off 
the inside of the rim. 


CAUSTIC POTASH. Corrosive alkali occa- 
sionally used in developers, especially high 
contrast types. 

See also: Potassium hydroxide. 

CAUSTIC SODA. Poisonous and corrosive 
alkali. Used in some developers, especially 
high contrast types. 

See also: Sodium hydroxide. 

CAVES. There are caves in practically every 
country in the world, formed by actual move- 
ment of parts of the earth’s crust, by the dis- 
solving action of subterranean water or by the 
scouring action of waves along the coast. 
Almost always, the interiors are of inter- 
esting and often beautiful conformation, and 
as such are well worth photographing. 

Caves and pot-holes abound in the limestone 
hills of England and Wales. They lie in four 
main groups or districts: the north-west border 
of Yorkshire, the Peak District of Derbyshire, 
the Mendip Hills in Somerset, and the upper 
reaches of the Neath and Swansea valleys of 
South Wales. And they are all easily reached 
from the principal industrial centres. 

The charm of cave photography lies in the 
novelty of the subject and in the fact that the 
“scenery” owes nothing to the hand of man, 
being entirely the result of natural action. 
Mountain streams boring down through the 
limestone have carved out a maze of sub- 
terranean passages decorated by a surprising 
variety of stalactite and stalagmite formations. 
(The stalactites hang from the roof.) 

The cave photographer has his own peculiar 
difficulties, for he must possess endurance to 
reach his objective and patience in working in 
often damp and awkward conditions. On the 
other hand, he has the advantage of having 
everything under control. Exposure is con- 
trolled by lighting, and the subject (apart from 
flowing water) is static. 

Equipment. The photographer needs only 
simple equipment. A fast lens is unnecessary, 
since it will have to be stopped well down to 
secure sufficient depth of field. The wide-angle 
lens of the simpler types of camera is an advan- 
tage, with a shutter that can be set open or at 
time. A light tripod, flash powder, some small 
flash bulbs with a hand torch to fire them, some 
magnesium ribbon and three or four candles 
complete the photographic equipment. The 
camera must be protected against water and 
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mud. All equipment is best carried in a small 
haversack to leave the hands free. The cave 
climber will need old clothes, strong boots, 
and a miner’s helmet and headlamp. 

Two kinds of cave photograph are possible — 
the general view or underground “landscape” 
and the detail of stalactite formations. 

The most obvious characteristic of a cave is 
its darkness and so, when taking general 
views, the lighting must be arranged to em- 
phasize this. If the whole of the foreground in 
a cave photograph is brightly lit, the result 
will look as if it had been taken in ordinary 
daylight and the dramatic effect will be lost. 

Most cave photographs are taken on open 
flash. That is, the camera shutter is set to T, 
so that it will stay open, and various flashes are 
fired, one after another, in different parts of the 
cave. This gives control of both the lighting and 
the darkness. 

It is best to fire a flash some distance forward 
of the camera in such a position that the direct 
light is shielded from the camera lens. The 
foreground can be lighted later if necessary by 
means of a smaller flash or magnesium ribbon 
from camera level. This way produces a 
dramatic contrast of light and shade and a 
greater impression of perspective. The effect of 
being in a cave Is also enhanced by keeping the 
lighting low down. 

In underground landscapes there should be a 
figure in the picture; apart from adding human 
interest it indicates the scale of the surround- 
ings which, because of their unfamiliarity, 
would otherwise be difficult to judge. By mak- 
ing use of the delayed action effect of flash 
powder ignited by a fuse, it is usually possible 
for the photographer to include himself in the 
picture. 

Exposure. When estimating exposure, the cave 
photographer will work on the usual flash 
factor formula based on the distance from 
flash to subject, regardless of camera distance. 
But while the exposure recommendations of the 
flash powder or flash bulb manufacturers 
should be used as a basis, it must be remem- 
bered that the surroundings in a cave are 
generally dark, damp and light-absorbing, and 
allowance for increased exposure should be 
made accordingly. It is usually necessary to 
use the smallest possible lens stop in order to 
obtain the required depth of field. 

Precautions. There are very many caves which 
the photographer can explore without danger 
if proper precautions are taken. But even the 
easiest cave can become a dangerous place to 
be in if you sprain an ankle or suffer any other 
simple mishap which prevents you moving 
freely. So when going caving do not go alone; 
always carry spare lights — even if only 2-3 
candles and water-proofed matches; find out 
all you can about your proposed objective; 
see that you are properly equipped; and tell 
someone responsible of your trip. B.T. 

See also: Geology ; Mountains. 


CELLULOID. Transparent and flexible solid, 
principally pyroxylene with some naptha, 
amyl acetate, oil and camphor. It was originally 
much used as a base for photographic films. 

See also: Supports for emulsions. 

C ELL ULOSE. Main basis of the acetate and 
nitrate bases used in film manufacture. Cotton 
wool is pure cellulose. 

CENT!-. Prefix implying a hundredth part of. 
Principally used in metric system — e.g., centi- 
metre. 

See also: Weights and measures . 

CENTIGRADE SCALE. Internationally 
termed the Celsius scale. Thermometrical scale 
on which zero represents the freezing point 
of water (and melting point of ice) and 100 
degrees represents the boiling point of water 
at sea level. The Centigrade scale is slowly 
replacing the Fahrenheit scale in this country, 
and it is the custom nowadays to include after 
a Fahrenheit reading its Centigrade equivalent. 

See also : Thermometer; Weights and measures. 

CENTRE OF INTEREST. That part of the 
picture to which the eye of the observer auto- 
matically travels; it is decided by the arrange- 
ment and lighting of the subject. Normally 
there should be only a single centre of interest; 
if there are two, the result confuses the eye. 

See aijo: Composition. 

CERAMICS. The two biggest problems to be 
overcome when photographing ceramics are 
reflections and distortion. 

Eliminating Reflections. Nearly all reflections 
can be eliminated by use of a suitable lighting 
technique. Lighting is normally from a single 
source (preferably a spotlight) to give crispness 
and modelling to the subject. Shadows are 
softened by a white reflector, which may be 
lighted up by another spotlight if the contrast 
of the subject is too great. The subject is lighted 
from the side or between side and back, 
roughly between 80° and 180° from the 
camera. Once the photographer has found a 
position giving satisfactory modelling, he 
adjusts the spotlight vertically until any high- 
lights disappear. With tall objects such as jugs 
or vases this will occur when the spotlight is 
in a high position. With flat objects such as 
plates or shallow bowls, where highlights are 
not so troublesome, the spotlight is placed 
much lower to give effective modelling. This 
method of lighting gets rid of all reflections 
from flat objects and practically all from taller 
ones. 

Dealing with Distortion. The aim of this type 
of photograph is to give as accurate a repre- 
sentation of the subject as possible. Distortion, 
from whatever cause, cannot be tolerated. There 
are three principal causes of distortion: 
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LIGHTING POTTERY. A spotlight from near the side of the 
subject gives crispness and modelling. It should be at a 
sumcienVy high angle to make catchlights disappear. A white 
refractor (not shown) is usually necessary to light the shadows, 
while another spot can be used f or background eff ects. 


viewpoint too low, tilting the camera and 
curvature of field. 

Too low a viewpoint when photographing on 
to a table-top causes round flat objects to 
appear oval, a defect intensely disliked by 
pottery manufacturers. So, for subjects like 
plates or dishes, a very high viewpoint is 
used so that the camera is looking almost ver- 
tically down. Where there are both flat and 
taller objects combined, as when photograph- 
ing a tea set, the problem is best solved by 
standing up the plates behind the taller objects 
such as cups and jugs. This arrangement gives 
a pleasing and undistorted grouping. In this 
case, of course, the viewpoint is lowered so 
that the camera angle is between 0° and 20° 
above the horizontal. 

Tilting the camera so that the back is no 
longer vertical — e.g., when photographing 
down on to the subject — causes perpendicular 
lines to run inwards to the bottom so that 
objects on the edges of the photograph appear 
to be falling over outwards. This distortion is 
completely rectified by swinging the back of 
the camera into a vertical position. 

Curvature of the field causes round objects 
towards the edges of the picture to become 
oval and look as though they were being 
stretched sideways. This form of distortion is 
commonly noticed at the edges of photographs 
taken with wide angle lenses. The trouble is 
avoided by using a lens of longish focal length — 
e.g., a 10 ins. lens or longer on a half -plate. 
The longer the focal length the less the risk of 
distortion. 

The Background. Backgrounds for ceramics are 
always kept fairly plain so that they do not 
conflict with the pattern or shape of the 
subject Wood grained wallpapers offer an 
excellent variety of background varying from 


the light tone of pine to a dark walnut if 
required, and textured paper or fabric is also 
used with pleasing effect as background 
material. 

As a rule when pottery is photographed from 
a low viewpoint, the subject is kept well in 
front of the background which then remains 
slightly out of focus. To increase the feeling of 
depth in the photograph it is common practice 
to shine a spotlight on the background on the 
shadow side of the subject. This means that the 
dark side of the subject stands out strongly 
against the lighted background. 

The Camera. The photographing of ceramics is 
best done with a professional bellows type of 
camera with full camera movements to allow 
for the correction of distortion and the achieve- 
ment of the maximum depth of field. A stop of 
/45 or /64 is normally used to ensure over- 
all sharpness. 

It is customary to use a plate of fairly soft 
gradation, and to take care to produce the 
required balance of light and shade in the 
image on the ground-glass screen. Under these 
circumstances, normal development in a 
M.Q. developer gives a completely satis- 
factory negative. 

Photographs of pottery or china are usually 
considered to look their best on a glossy 
printing paper. D.L.H. 

See also: Antiques; Enamel and ceramic photographs; 
Glassware: Silverware. 


CHANGING BAG. Bag made of opaque fabric 
which allows sensitized materials to be handled 
and loaded into the camera in daylight 
There are sleeves at each side of the bag 
through which the hands and the lower part 
of the arm are inserted. There is elastic in the 
open ends of the sleeves to stop light from 
leaking past. 

The camera and film or box of plates is first 
pushed through one of the sleeves — or through 
a separate light-trapped flap — and then the 
sleeves are pulled well over the arms. From that 
point, the loading or unloading can proceed 
without any risk of accidentally exposing the 
film or plate. 



CHANGING RAG. The bag usually consists of a light-proof 
black fabric with sleeves bound by elastic at the ends. A zip 
fastener serves for placing the equipment In the bag. 
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Changing bags originally had a window of 
ruby fabric or celluloid which admitted safe- 
light into the bag and a pair of eye-holes 
through which the user could see as well as 
feel what was going on. And a box often took 
the place of the body of the bag, so that it was 
actually possible to develop plates by inspec- 
tion. These elaborations could only be used 
with slow, “ordinary” plates which could stand 
a fair amount of red light. The greater sensi- 
tivity of orthochromatic materials and the 
increased use of panchromatic materials has 
put such equipment out of date. 

Nowadays changing bags are used princi- 
pally for loading plates into plate holders and 
films into daylight processing tanks. They are 
also used by dealers when a customer brings 
in a camera with a jammed film. 

CHARACTERISTIC CURVE. This shows 
how light acts on a photographic material and 
produces a density on development. The image 
formed in the camera consists of patches of 
light of varying intensity which are all allowed 
to act on the photographic material for a 
constant length of time. So the various expo- 
sures which make up the image are exposures 
of constant time and varying intensity. All 
these different exposures reproduce as a range 
of densities on development. In a characteristic 
curve these densities are plotted against the 
logarithm of the exposures which produced 
them. 

Thus from a characteristic curve for a 
particular material we can read off the density 
value which results from a given exposure. 

It is not essential to understand the exact 
meaning of a logarithm in order to make use of 
characteristic curves. The important point 
about a logarithmic scale of exposures is that 
a certain distance along the scale corresponds 
to an increase in exposure by a constant factor. 
For example, an increase of the log exposure by 
0-3 always corresponds to a doubling of the 
exposure itself. 

The characteristic curve for any one sensitive 
material has certain special features that are 
common to all. 

Threshold Exposure. The threshold exposure 
is the point at which the density is just notice- 
ably above that of the general background 
density, which is always there in the unexposed 
portion and which is defined as the fog level. 
As exposure is increased from the thres- 
hold value, the density builds up increasingly 
rapidly. This portion of the curve is defined as 
the toe. On increasing the exposure still further 
we reach a portion of the curve where the den- 
sity increases at constant rate. This is the 
straight-line portion of the curve. For even 
greater exposures the curve begins to turn into 
the horizontal, this portion of the curve being 
described as the shoulder. The height or level 
of the horizontal portion defines the maximum 
density often denoted as Dmu. 


With some materials the density may even 
fall again on increasing exposure. This effect 
is known as solarization. 

Slope. The slope of the curve at any point has 
a special importance. The slope is the inclina- 
tion of the straight line drawn through the 
point and tangential to the characteristic curve. 
If a perpendicular line is drawn down from the 
point, the value of the slope is the ratio of the 
length of this line to the length of the exposure 
axis between the line and the point where the 
tangent cuts the axis. In terms of trigonometry, 
the slope is the tangent of the angle which 
the tangential line makes with the exposure 
axis. 

One of the most important slopes is that 
of the straight-line portion of the charac- 
teristic curve. The slope of this is called the 
gamma of the characteristic curve and is a 
measure of the degree of contrast to which the 
emulsion has been developed. 

The gradient of the curve between any 
two points is the slope of a line drawn between 
the two points. It may be defined between two 
exposure values or two density values. 

Speed. The position of the characteristic curve 
with respect to the exposure scale is decided by 
the sensitivity or speed of the photographic 
material. The further to the left — i.e., towards 
shorter exposures — the characteristic curve is 
situated, the less the exposure required to 
produce any one density on the curve and the 
faster the emulsion. 

The actual speed figure is based on the expo- 
sure necessary to reach a certain point on the 
characteristic curve. The point chosen is called 
the speed criterion; it differs according to the 
purpose for which the material is to be used 
and for which the speed has to be defined. For 
pictorial photography, for example, the speed 
criterion is always a point near the lower den- 
sity end of the characteristic curve, since it is 
this part of the curve which is used in practice. 
For process or X-ray work a much higher 
density would be chosen. 

The speed figure is derived by means of the 
speed formula from the exposure necessary to 



CHARACTERISTIC CURVE. Density D is plotted against the 
logarithm of the exposure log E. Important features: V, fog 
level; W, toe; X, slope of straight-line portion ( gamma «■ 
Con X); Y, threshold exposure; Z, shoulder. 
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reach the speed point. The speed scale is as a 
rule so arranged that the speed increases with 
decreasing exposure, and the speed formula is 
therefore based on the reciprocal of the expo- 
sure, i.e., on 1/E. 

Tone Reproduction. The shape of the charac- 
teristic curve is of great practical importance, 
since upon it depends the final reproduction of 
the tones in the original. According to the 
requirements of the process, materials of 
varying response characteristics are available. 
The difference between the various materials 
lies as a rule less in the shape of the curve than 
in the value of the contrast, which is most 
conveniently expressed by the gamma figure. 
A material of high contrast produces a big 
difference in density for a small difference in 
log exposure, and vice versa. 


TYPICAL GAMMA VALUES 


Material 


Gamma 

Portrait films and plates 


0-5 

Press materials ... 


to 0 0 

General purpose films and plates, roll films 

08 
to 1 -2 

Positive cine film ... 


... up to 1 -8 

Negative cine film .., 


0-65 

General purpose process materials 


20 

Line materials of high contrast ... 


40 

"Lith” type materials 


0-12 

X-ray films 


30 


Controlling Contrast. With a given material, 
slope and gamma values are affected by several 
factors. The most important is development: 
over a certain range gamma increases with the 
time and/or temperature of development and 
is most conveniently controlled in this way. 

This control method has its limits; for 
example, it is impracticable to shorten develop- 
ment too much, since the material would 
develop unevenly. On the other hand, extend- 
ing the development time will only increase the 
contrast to a given value, beyond which no 
further increase is possible; this value is known 
as gamma infinity. Therefore it is essential to 
choose a material of approximately the correct 
inherent gamma. 

The slope of the characteristic curve also 
depends on the colour of the exposing light; 
the gamma is low for ultra-violet, a good deal 
higher for blue, and often higher still for red 
light. For colour separation work, where the 
same material is exposed through blue, green, 
and red filters, the difference in gamma has to 
be compensated for by using different times of 
development. 

Gamma varies with time of exposure; it may 
be considerably lower for electronic flash than 
for normal snapshot exposures. To compensate 
for this, the time of development for films taken 
by electronic flash should be increased by 50 
per cent. W.F.B. 

See also: Gamma ; Sensltometry; Speed of sensitized 
materials. 

Book: Sensltometry, by L. Lobel and M. Dubois 

(London). 


CHARGER FOR CASSETTE. Apparatus to 
enable reloadable 35 mm. film cassettes to be 
quickly and conveniently loaded. There are 
two types of charger — darkroom and daylight. 
Film Winder. The darkroom type is simply a 
film winder which grips the film spool between 
centres so that it can be turned by a handle. It 
clamps to the edge of the bench. The spool is 
taken out of the cassette and mounted in the 
winder. The darkroom light is then switched 
off and the end of a measured length of film or 
a standard refill is clipped to the spool. The 
handle is then turned until the whole length of 
film — except for two or three inches to act as a 
leader — has been wound on. The spool of film 
is then removed from the winder and fitted 
back into the cassette. The handle end of the 
winder is forked to engage with the driving pin 
in the spool, and the handle is prevented by a 
ratchet from being turned backwards. 

Daylight Charger. The daylight charger is in 
two parts; one is a storage container that 



CASSETTE LOADING. Left: A mechanical film winder simplifies 
spooling up 35 mm. reloads. Right: A light-tight charger 
permits the whole job to be done in daylight. 

holds a bulk length of film, the other is a light- 
tight box which takes the complete film 
cassette and has a handle mounted in the end 
and forked to engage the spool driving pin. 
Each part has a light-trapped slit through 
which the film runs, and they can be clamped 
together so that film can be fed from one to the 
other without being exposed to the light. 

To charge a cassette, the spool is removed and 
the end of the film from the storage box is 
attached to it. The cassette is then slipped over 
the spool and the cassette holder is fitted over 
it. The two parts are then clamped together; 
turning the handle now draws film from the 
storage chamber, through the light trapped slit 
and on to the cassette spool. 

A table supplied with the charger indicates 
how many turns of the handle will wind on any 
desired length of film. 

CHEESE-CAKE. (Slang.) Photograph of a 
young woman posed to show obvious sex 
appeal. 

See also: Beef-cake. 
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CHEMICAL CALCULATIONS 


When dealing with chemicals in photo- 
graphy, calculations may be required for the 
following purposes : — 

(1) To find the amount of one chemical 
which can be used to take the place of a given 
quantity of another. 

(2) To find the equivalent amounts of anhy- 
drous and hydrated crystalline versions of a 
chemical. 

(3) To establish the amounts of two or more 
chemicals needed for a reaction. 

(4) To work out quantities required for 
making up solutions of given concentration 
of a chemical. 

(5) To work out dilutions of stock and other 
solutions. 

Substitution of Chemicals. In many processing 
solutions certain chemicals can be replaced by 
others without affecting the properties of the 
solution. The amounts needed are in propor- 
tion to the molecular weights of the chemicals 
concerned. These are worked out from tables 
of atomic weights. 

For example, potassium bichromate can be 
replaced in bleaching baths by ammonium 
bichromate. The chemical formula of potas- 


ATOMIC WEIGHTS OF ELEMENTS IN PHOTOGRAPHIC 
CHEMICALS 


Element 

Symbol 

Atomic Weight 

Aluminium 

Al 

27 

Antimony 

Sb 

122 

Barium 

Ba 

137-5 

Boron 

B 

II 

Bromine 

Br 

B0 

Cadmium 

Cd 

112-5 

Calcium 

Ca 

40 

Carbon 

C 

12 

Chlorine 

Cl 

35-5 

Chromium 

Cr 

52 

Cobalt 

Co 

59 

Copper 

Cu 

635 

Fluorine 

F 

19 

Gold 

Au 

197 

Hydrogen 

H 

1 

Iodine 

1 

127 

Iron 

Fe 

S6 

Lead 

Pb 

207 

Magnesium 

Mt 

24 

Manganese 

Mn 

55 

Mercury 

H* 

200 

Nickel 

Ni 

59 

Nitrogen 

N 

14 

Oxygen 

O 

16 

Palladium 

Pd 

107 

Phosphorus 

P 

31 

Platinum 

Pt 

195 

Potassium 

K 

39 

Selenium 

Se 

79 

Silicon 

Si 

26 

Silver 

Ag 

108 

Sodium 

Na 

23 

Sulphur 

S 

32 

Tin 

Sn 

119 

Titanium 

Ti 

48 

Tungsten 

W 

184 

Uranium 

U 

238 

Vanadium 

V 

51 

Zinc 

Zn 

65-5 


The weights ere rounded off to the neerest 0-5. 


sium bichromate is K t Cr a O,, of ammonium 
bichromate (NH 4 ) a Cr a O„ and the respective 
molecular weights 294 (2 x 39 for K ; 2 x 52 
for Cr; 7 x 16 for O; and 252 (2 x 14 for N; 
8 x 1 for H; 2 x 52 for Cr; 7x16 for O). 
Therefore 294 parts by weight of potassium bi- 
chromate will replace or be replaced by 252 
parts of ammonium bichromate. 

Thus 100 parts potassium bichromate are 
equivalent to 100 x 252/294 = approx. 86 
parts ammonium bichromate — i.e., about 
7 parts of the one to 6 of the other. 

Conversely, 100 parts ammonium bichromate 
are equivalent to 100 x 292/252 = approx. 
1 1 7 parts potassium bichromate. 

For any other quantity Q of ammonium 
bichromate therefore use Q x 117/100 or 
Q x 294/252 parts of potassium bichromate. 

Similarly, sodium bichromate has the 
formula Na a Cr a O,.2H a O, and a molecular 
weight of 298. This is practically the same as for 
potassium bichromate, so the two can be inter- 
changed in equal quantities. 

When substituting chemicals, the substituted 
chemical must not affect the action of the bath 
in any material way. In the above example of 
ammonium and potassium bichromate that 
holds true as long as the bleacher in which 
they are used is acid; if it becomes alkaline, it 
will liberate ammonia which may give rise to 
quite a different action. On the other hand, 
sodium and potassium bichromate are not 
likely to differ in their action at all. 

Substitution by molecular or equivalent 
weights also does not apply to alkalis (other 
than strong ones like sodium and potassium 
hydroxide) in developers. The reason is that 
the activity of a developer depends on its pH 
value, and equivalent solutions of most of the 
alkalis used in developers rarely have the 
same pH value. 

Anhydrous and Hydrated Crystalline Chemicals. 
Many chemicals exist in several forms with 
and without water of crystallization. The 
various forms are, of course, absolutely identi- 
cal in their equivalent solutions. Calculation of 
the respective amounts follows the same prin- 
ciple as for the substitution of chemicals. 

For example, anhydrous sodium carbonate 
Na,CO,, molecular weight 106, is identical, 
when dissolved, with crystalline sodium 
carbonate Na a CO a .10H a O, molecular weight 
286, or the monohydrate Na a CO,.H a O, 
molecular weight 124. Thus 100 parts of 
crystals can be replaced by 100 x 106/286 
= 37 parts of the anhydrous salt, or by 
100 x 124/286 = approx. 43 parts of the 
monohydrate. 

Chemical Reactions. Sometimes a chemical 
has to be made in solution by the interaction 
of two or more other chemicals. In that case 
the required amounts can be calculated from 
the equation of the reaction. 
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For example, sodium metaborate can be 
prepared by mixing solutions of sodium 
hydroxide and borax. In practice that means 
that the latter two chemicals can be used in a 
developer specifying sodium metaborate. The 
reaction is: — 

2NaOH + Na,B,0,.10H,0 + 5H.O 
= 4(NaBO,.4HjO) 

(The water of crystallization has been in- 
cluded in the equation to simplify calculation 
of equivalent amounts of the crystalline 
chemicals, but it does not take part in the 
reaction.) 

The weights reacting are: — 

2 x 40+ 382 (+90) = 4 x 138 


SUBSTITUTION OF CHEMICALS 


100 Parts of Equivalent 

Parts 

Substitute 

Ammonia, sp. gr. 0 880 

155 

Ammonia, sp. gr. 0-920 

Ammonia, sp. gr. 0-920 

65 

Ammonia, sp. gr. 0-880 

Ammonium bichromate 

117 

Potassium or sodium 
bichromate 

Ammonium bromide 

122 

Potassium bromide 


142 

Sodium bromide crystals 

Ammonium chloride 

107 

Sodium chloride 


139 

Potassium chloride 

Ammonium persulphate 

1 16 

Potassium persulphate 

Ammonium thiocyanate 

no 

Sodium thiocyanate 


128 

Potassium thiocyanate 

Chrome ammonium alum 

105 

Chrome potassium alum 

Chrome potassium alum 

96 

Chrome ammonium alum 

Ferric oxalate 

177 

Ferric ammonium oxalate 


200 

Ferric potassium oxalate 

Ferric ammonium 

115 

Ferric potassium oxalate 

oxalate 

56 

Ferric oxalate 

Ferric potassium 

87 

Ferric ammonium oxalate 

oxalate 

50 

Ferric oxalate 

Lead acetate 

87 

Lead nitrate 

Lead nitrate 

114 

Lead acetate 

Potassium bichromate 

85 

Ammonium bichromate 


100 

Sodium bichromate 

Potassium bromide 

82 

Ammonium bromide 


1 16 

Sodium bromide crystals 

Potassium chloride 

73 

Ammonium chloride 


77 

Sodium chloride 

Potassium citrate, neutral 93 

Sodium citrate, neutral 

Potassium metabi- 

86 

Sodium metabisulphite 

sulphite 

94 

Sodium bisulphite 

Potassium persulphate 

84 

Ammonium persulphate 

Potassium thiocyanate 

78 

Ammonium thiocyanate 


86 

Sodium thiocyanate 

Sodium bichromate 

85 

Ammonium bichromate 


100 

Potassium bichromate 

Sodium bisulphite 

106 

Potassium metabisulphite 


91 

Sodium metabisulphite 

Sodium bromide 

71 

Ammonium bromide 

crystals 

86 

Potassium bromide 

Sodium chloride 

93 

Ammonium chloride 


130 

Potassium chloride 

Sodium citrate, neutral 

108 

Potassium citrate, neutral 

Sodium metabisulphite 

116 

Potassium metabisulphite 


110 

Sodium bisulphite 

Sodium thiocyanate 

91 

Ammonium thiocyanate 


116 

Potassium thiocyanate 


Note. — Ammonium salts should not be used In developers 
or other alkaline solutions unless specifically stated. 


Note that both sides of ibe equation must 
balance quantitatively — i.e., in this case, both 
sides add up to 532. 

Thus 552 parts of sodium metaborate are 
obtained by mixing 80 parts of sodium 
hydrokide (in solution) with 382 parts of 
borax. Therefore 100 parts of metaborate 
require 100 x 80/552 = approx. 14-6 parts 
sodium hydroxide plus 100 x 382/552 = 69-5 
parts borax. In this particu' ar case it is better 
to take a slight excess of berax rather than of 
hydroxide, so this ratio can be simplified to 1 
part hydroxide plus 5 parts borax making 7 
parts metaborate. 

As another example, sodium metabisulphite 
can be used instead of sodi'im bisulphite. The 
latter is in fact formed on dissolving the meta- 
bisulphite : — 

Na,S 2 0 5 + HjO = 2NaHSO, 

From this, 190 parts metabisulphite yield 
208 parts of bisulphite. Cther quantities of 
sodium metabisulphite — or of potassium meta- 
bisulphite — can then be calculated as already 
described. 

Solution Strengths. The stiength of concen- 
tration of solutions can be quoted in various 
ways: weight per volume (W/V), weight per 
weight (W/W), volume per volume (V/V), 
or percentages (%). There a> e also the chemical 
notations of molarity and normality. 

Weigm per volume— e.g., grams per litre — 
solutions are made by dissolving the requisite 
number of grams in the minimum amount of 
water, and then adding enough water to make 
1 litre. The procedure is analogous for ounces 
or grains per pint or any other unit. With a 
solution containing A grams per litre, B 
c.cm. are equivalent to A x B/1,000 grams; 
if the solution contains C grains per pint, 
D fluid ounces are equivalent to C x D/20 
grains, and so on. 

Weight per weight solutions — e.g., X grams 
of solute per 1,000 grams of solution — are 
made by dissolving X grams ip 1,000-X 
grams u 7 solvent. This notation is compara- 
tively rare in photographic use. Proportionate 
amounts are calculated in the same way as 
for weight per volume solutions. 

Volume per volume solutions — e.g., c.cm. 
per litre — are made by taking the requisite 
number of c.cm. and adding enough water to 
make 1 litre (ounces per pint or any other unit 
are similar). This notation is often used for 
solutions of liquids. 

Percentage solutions may be weight per 
volume or per weight, or volume per volume, 
and in each case the figure specifies parts per 
100. The most common system is that of 
weight per volume, as it is easiest to handle. It 
is, however, important to state which system is 
used; for instance a 10 p>.r cent solution of 
sulphuric acid on a weight per volume basis 
is only just over half as strong as a 10 per cent 
volume per volume solution, 
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SUBSTITUTION OF ANHYDROUS AND CRYSTALLINE 
SALTS 


100 Parts of Equivalent Substitute 

Parts 


Sodium carbonate. 

37 

Sodium carbonate, 

crystals 


anhydrous 

43 

Sodium carbonate, mono- 
hydrate 

Sodium carbonate, 

233 

Sodium carbonate, 

monohydrate 


crystals 


66 

Sodium carbonate, 
anhydrous 

Sodium carbonate, 

116 

Sodium carbonate. 

anhydrous 


monohydrate 

270 

Sodium carbonate, 
crystals 

Sodium phosphate, 

43 

Sodium phosphate, tri- 

tribaslc, crystals 


basic, anhydrous 

48 

Sodium phosphate, tri- 
basic, monohydrate 

Sodium phosphate. 

208 

Sodium phosphate, tri- 

tribasic, mono- 


basic, crystals 

hydrate 

90 

Sodium phosphate, tri- 
basic, anhydrous 

Sodium phosphate, tri- 

232 

Sodium phosphate, tri- 

basic, anhydrous 


basic crystals 


III 

Sodium phosphate, tri- 
basic, monohydrate 

Sodium sulphate. 

44 

Sodium sulphate, 

crystals 


anhydrous 

Sodium sulphate, 

225 

Sodium sulphite, crystals 

anhydrous 

Sodium sulphite, crystals 

50 

Sodium sulphite, 
anhydrous 

Sodium sulphite, 

200 

Sodium sulphite, crystals 

anhydrous 

Sodium thiosulphate 

64 

Sodium thiosulphate. 

crystals 


anhydrous 

Sodium thiosulphate, 

156 

Sodium thiosulphate, 

anhydrous 


crystals 


Molar solutions specify the number of 
gram-molecules per litre. For instance sodium 
sulphite (Na a SO s ) has a molecular weight of 
126; a molar solution therefore contains 126 
grams per litre. (Water of crystallization is 
ignored in working out the active concentra- 
tion of molar solutions, but has to be taken 
into account when weighing out the crystalline 
chemical.) A solution of 12-6 grams per litre 
is called deci-molar solution and written 0-1M. 
Other strengths are labelled accordingly. 

Normal solutions contain the gram-equi- 
valent weight per litre. This may be the same 
as the gram-molecular weight, or it may be 
a simple fraction of it, depending on the 
chemical concerned. Again there are deci- 
normal (0-1N), twice normal (2N) etc., solu- 
tions. 

Using Percentage Stock Solutions. Provided the 
chemicals keep well in solution, and are used 
at a low concentration, the ingredients of many 
formulae can be stored in individual solutions 
of a fired percentage strength. This eliminates 
weighing out and dissolving the chemicals 
afresh each time a fresh processing bath is 


required. The system is specially useful where 
several baths with the same ingredients, but 
in different proportions, are employed from 
time to time — e.g., with reducers and intensi- 
fies of different degrees of activity. 

For convenience all the solutions may be 
made up to 5 or 10 per cent. To make up a 
formula, simply multiply all the weights in 
grams by 20 or 10, mix the corresponding 
number of c.cm., and make up to the final 
volume with water. 

Owing to the poor keeping qualities of 
developing agents in solution by themselves, 
this method is not generally suitable for 
developers, although separate stock solutions 
— e.g., developing agents plus preservative on 
the one hand, and alkali on the other — are 
practical. 

Diluting Percentage Solutions. To dilute a 
solution of A per cent to make a solution of B 
per cent, take 100 x B/A parts and add water 
to make up to 100 parts. 

For example, to dilute a 40 per cent solution 
to 15 percent, take 100 x 15/40 = 37-5 c.cm. 
and make up to 100 c.cm. again with water. 
If the original solution contained 40 per cent 
of the chemical, i.e., 40 grams per 100 c.cm., 
37-5 c.cm. of it will contain 40 x 37-5/100 
grams = 15 grams, which makes 15 per 
cent if diluted to 1 00 c.cm. 

Dilution of Stock Solutions. Many processing 
solutions, notably developers, are conveniently 
made up in concentrated stock solutions and 
diluted for use. The solutions keep better that 
way and are easier to store. 

The recommended dilution may be specified 
in several ways. 

(1) Diluting x times. To dilute a solution a 
given number of times — e.g., 5 times — take 1 
part stock solution and add (x — 1) parts (in 
this example, 4 parts) of water to make a total 
of x — i.e., 5 parts of working solution. If a 
given final volume is required, the amount of 
stock solution used will be one-fifth. 

(2) Diluting to make x parts. This is the same 
as diluting x times. 

(3) Diluting with y parts of water. This 
means that the working solution consists of 1 
part stock solution plus y parts of water. To 
obtain a given final volume, this has to be 
divided by (y + 1) for the amount of stock 
solution required. For instance for 400 c.cm. of 
working solution, obtained by diluting the 
stock solution with 4 parts of water, the 
required amount of stock solution is 
400/(4 + 1), or 80 c.cm. 

(4) Diluting 1 : y. This is the same as diluting 
with y parts of water. 

Note that diluting with y parts of water (or 
1 : y) is the same as diluting (y + 1) times, to 
make (y + 1) parts. For instance, diluting with 
4 parts of water means diluting 5 times, i.e., 
to make 5 parts in all. L.A.M. 

See also: Chemicals ; Solutions; Weights and measures . 
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CHEMICAL FOCUS. When a beam of parallel 
light rays falls on a convex lens, the rays are 
bent towards the axis. If the lens is uncor- 
rected for chromatic aberration, the invisible 
actinic rays intersect the axis at a point or 
points (the chemical focus) closer to the lens 
than the intersection of the visible rays (the 
visual focus). In a fully corrected lens the 
chemical and visual foci coincide. 

See also: Aberrations of lenses. 

CHEMICAL FOG. Veil of metallic silver 
deposited all over the negative. It is caused by 
prolonged or overactive development. 

See alio: Fogging. 

CHEMICALS. The term “photographic chemi- 
cals" is apt to suggest a range of organic and 
inorganic substances which are manufactured 
exclusively for photographic use. In fact, most 
of the chemicals used in photography have im- 
portant application in other fields. 

There are about fifty of these chemicals in 
common use including the developing agents, 
sodas and other chemicals used in black-and- 
white processing and the more popular 
reducers, intensifies, tones, etc. This figure 
rises to about eighty with the chemicals used 
in colour processing and other more specialized 
work. Almost all these substances are readily 
available as branded chemicals in quantities 
to suit every requirement. 

In a wider sense the term “photographic 
chemicals" has also come to include the many 
proprietary developes, fixers and other ready- 
made processing solutions which have become a 
feature of modem photographic practice. 
Purity. Chemicals usually bear on their labels 
such terms as Commercial, Technical, Pure, 
Recryst., B.P. (British Pharmacopoeia), B.P.C. 
(British Pharmaceutical Codex), or A.R. 
(Analytical Reagent). To a chemist these 
descriptions give a more or less reliable indica- 
tion of their purity, but the photographer might 
well be confused by the various grades of a 
particular chemical which he could buy. 

For most purposes B.P. or B.P.C. grade 
chemicals made by the larger manufacturers of 
fine chemicals are suitable. A.R. chemicals are 
even purer, especially when backed by com- 
mercial trade marks for this grade, but are 
rarely required for photographic use and are 
usually very expensive. 

The best policy generally is to buy the 
branded chemicals which are supplied specifi- 
cally for photographic use. It can be assumed 
that the manufacturer employs analytical and 
photographic tests to ensure that a satisfactory 
and standard product is supplied at a fair 
price. He will also distinguish between impuri- 
ties which are harmless and those which are 
undesirable — a job which would be quite 
impossible for the practical photographer. For 
example — a sample of anhydrous sodium 


sulphite containing one or two per cent of 
moisture or inert sodium sulphate would be 
considered satisfactory lor photographic use, 
but a high percentage of carbonate, a trace of 
hypo or a few parts per million of copper would 
be extremely undesirable. 

There is always an element of risk in using 
unbranded chemicals, particularly commercial 
or technical grades, since there is no guarantee 
against variation from batch to batch or against 
the presence of undesirable impurities. 

Forms. Solid chemicals are frequently classified 
as “crystal”, “granulated” or “powder” 
according to their physical form. This classifi- 
cation can be misleading; although some 
chemicals naturally occur as powder or in 
granulated form, others consist of very small 
crystals or are produced by grinding or pul- 
verizing large crystals. 

In some cases, notably sodium sulphite, 
sodium carbonate and thiosulphate, the term 
“powder” has come to indicate the dried or 
anhydrous form of the chemical; but all 
powdered chemicals are not anhydrous. In 
the cases of borax, boric acid and potassium 
bromide the crystal and powder forms are 
identical in composition. 

In general, powdered and granulated 
chemicals are easier to handle and they dis- 
solve more readily than the larger crystal forms. 
If, however, a chemical is liable to deteriorate 
on exposure to air, i.e., potassium ferricyanide, 
potassium metabisulphite, the larger crystals 
are more stable. 

A number of chemicals contain in their 
crystal form a quantity of water of crystalliza- 
tion. In some cases this can be partially or 
entirely removed by drying under carefully con- 
trolled conditions, to give free-flowing granular 
powders which are known as dried, desiccated 
or anhydrous chemicals. 

Anhydrous chemicals contain more of the 
active ingredient weight for weight than the 
crystals and allowance must be made for this 
when making up formulae in which crystals are 
specified. 

Anhydrous chemicals are usually more satis- 
factory for general photographic use. They are 
easier to store, weigh, and dissolve, and are less 
affected by high temperatures. Although their 
cost per pound is greater than that of the 
crystals, they are proportionately stronger and 
are often cheaper in actual practice. 

One drawback of anhydrous or desiccated 
salts is that they may cake together in one 
lump if stored in slightly damp conditions. 
This applies as much to individual chemicals 
as to mixtures such as acid fixing powder. Once 
caked together, the chemical usually has to be 
broken up before dissolving, as large lumps 
take a long time to go into solution. 

Using Individual Chemicals. The small user 
will generally buy developing agents in ounce 
bottles, and carbonate, sulphite and hypo in 
pound bottles or tins. Even so, the cost of even 
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a modest stock of the chemicals necessary to 
develop and fix will be at least 20s., not count- 
ing the cost of a balance and weights. 

The main advantage of preparing solutions 
from individual chemicals is that any one of a 
wide variety of published formulae can be made 
up as required at comparatively low cost. 
This is economica for the large user, as the 
solutions can be :.ade up in bulk. For the 
smaller user who processes an occasional film 
now and again, ready packed chemicals are 
much more convenient and handier. 

Made-up Formulae. Packed chemicals made up 
to specific formula; are usually either supplied 
in powder form or as concentrated liquids. 
Both forms have their advantages but of recent 
years the convenience of liquid developers has 
greatly increased their popularity. 

Powders, which are usually packed in car- 
tons, foil, plastic envelopes or tins, are available 
in all sizes from the small individual pack 
costing a few pence to the largest tin making 
50 gallons or more for bulk processing. 
Powdered chemicals are compact, easily 
stored and least liable to damage in transit. 

Liquid preparations have the two-fold 
advantage of economy and convenience and 
many photographi. solutions are now available 
in this form. They can usually be diluted to 
four or five times their volume for contact 
printing, to five to ten times for bromide 
printing and dish development of negatives 
and up to twenty times or more for tank 
development. 

Chemicals in tablet form are particularly 
convenient for the traveller or for anyone 
wishing to make up an occasional small volume 
of solution. They are less economical when 
larger volumes are required, but keep almost 
indefinitely and occupy little space. 

Storage of Solid i Chemicals. A safe rule is to 
protect photograpnic chemicals from exposure 
to air, moisture and excessive heat and to avoid 
any possibility of contamination with metals or 
other chemicals. This implies the use of air- 
tight glass, plastic or stoneware containers. 

Developing agents should be stored in air- 
tight bottles or lined tins with close-fitting lids. 
The chief hazard is oxidation by exposure to 
air, a process which is accelerated by dampness. 
If this is avoided, most developing agents will 
keep in good condition for years. Slight dis- 
coloration has no adverse effect, but a few 
developing agents — e.g., Amidol and para- 
phenylenediamine— deteriorate more rapidly 
and should not be stored for longer than about 
a year. 

Anhydrous or dried chemicals absorb mois- 
ture from the air and some deteriorate in other 
ways if they are not stored in air-tight con- 
tainers. Sodium sulphite oxidizes to the inert 
sulphate; sodium carbonate is slowly con- 
verted to bicarbonate. Dried hypo does not 
deteriorate chemically but solidifies to a rock- 
like mass. 


Crystal chemicals containing water of 
crystallization (such as sodium sulphite, sodium 
carbonate and hypo) become powdery on 
exposure to air. This drying-out or efflorescence 
tends to increase their strength, but some, such 
as sulphite, also deteriorate chemically. The 
danger in these cases is that the chemical is no 
ionger uniform in composition and it is im- 
possible to be certain of the extent of the 
deterioration by casual examination. 

Some photographic chemicals are delique- 
scent — i.e., they absorb moisture from the air 
and liquefy. These include the thiocyanates, 
hydroxylamine hydrochloride, sodium sul- 
phide and the caustic alkalis. In such cases the 
use of completely air-tight containers is 
essential and it is usually more convenient to 
prepare stock solutions of these chemicals. 
Some also deteriorate quite rapidly; caustic 
alkalis absorb carbon dioxide and are gradually 
converted to carbonates; sodium sulphide is 
converted to a mixture of compounds including 
hypo which makes it unsuitable for use in 
toners. 

Storage cf Solutions. Nearly all photographic 
solutions deteriorate on exposure to air and 
are best stored in completely air-tight bottles. 
They should also be protected from strong 
light and extremes of temperature. 

Some solutions, such as those containing 
Amidol and some colour developers, are 
unstable and should not be stored; most 
developers in very dilute solutions deteriorate 
quite rapidly, particularly after use. 

Concentrated developers, including proprie- 
tary liquid developers, usually keep well in 
reasonably full, airtight bottles. In most cases 
any serious deterioration is indicated by a 
marked darkening in colour and it is always 
unwise to use developers in this condition. 
Once the bottle has been opened, an air space 
above the contents is inevitable; this will have 
no serious effect although concentrated 
developer should not be stored for a long 
period in a bottle which is more than, say, 
two-thirds empty. 

Fixing baths will normally keep for several 
months, but eventually decompose giving a 
yellow deposit of sulphur. 

Stoppering. Any bottle containing a photo- 
graphic solution should have an efficient 
stopper. Corks quickly become sodden and 
porous and are useless except as a temporary 
expedient. 

Glass stoppers are excellent for acids, 
solvents, etc., but are unsuitable for use with 
developers and alkaline solutions, owing to 
the risk of their becoming cemented firmly 
into the bottle neck. 

Well-fitting soft rubber bungs, or plastic 
screw caps with rubber or plastic wads are the 
most satisfactory closures. R.L.T. & A.R.P. 

See also: Bottles; Chemical calculations; Solubility; 
Solutions: Stoppers. 

Book: Chemicals in Photography, by A. Pape (London). 
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CHEMICAL SYMBOLS. Internationally 
agreed letters or groups of letters signifying 
individual chemical elements. Generally these 
symbols are the initial letters or abbreviations 
of the names of elements; in some cases the 
Latin or Greek names are used — e.g., H for 
hydrogen, O for oxygen, Ag (argentum) for 
silver, and so on. 

Simple Formulae. The formula of a chemical 
compound is made up of such symbols and 
shows what elements, and how many atoms of 
each, are contained in a molecule of the com- 
pound. Thus the formula Ag NO a for silver 
nitrate indicates that each molecule of silver 
nitrate contains one atom of silver (Ag), one 
atom of nitrogen (N) and three atoms of 
oxygen (O). Similarly, the formula Na,S,O t 
for sodium thiosulphate shows two atoms of 
sodium (Na), two atoms sulphur (S), and three 
atoms oxygen (O). 

The same symbols are used in formulating 
chemical reactions. There they show the nature 
and proportions of molecules taking part: — 
CaCl, + 2AgNO t — Ca(NO,), + 2AgCl 
Here one molecule of calcium chloride (con- 
sisting of calcium Ca and chlorine Cl) reacts 
with two molecules of silver nitrate to form one 
molecule of calcium nitrate and two of silver 
chloride. 

The numbers of each kind of atom on each 
side of the equation must be the same. The 
symbols in the equation thus also indicate the 
equivalent quantities -established by reference 
to atomic weight tables — of materials used up 
and produced. The above equation therefore 
shows that 2 x 170 parts by weight of silver 
nitrate (atomic weights Ag = 108 + N = 14 
+ 3 X O = 3 x 16, total 170) form 2 x 143.5 
parts of silver chloride (Ag = 108 + Cl = 35'5, 
total 143-5). 

With many reactions— especially those taking 
place in solution — the symbols in fact signify 
the quantitative reaction only; the actual 
mechanism of the interaction between the 
molecules may be more complicated. 

Strnctisal Symbols. In organic chemistry 
where large and complex molecules are in- 
volved, the structure of a compound may 
involve large numbers of similar atoms. There 
structural formulae are often required to show 
the arrangement of the elements, since large 
numbers of compounds may have the same 
empirical formula. Thus a formula C,H.O, 
might correspond to a hypothetical compound 

CH = C-CH = CH-CH, - COOH 
or to 


/CH = CH\ 

HO - C C - OH 

V3H - CH^ 


or to 


/OH 


/CH = C. 

HC >C - OH 

^CH - CH 


The first of these would probably be too 
unstable to exist, but the other two are the 
developing agents hydroquinone and pyro- 
catechin respectively. 

The structure 


HC CH 

\CH = CH/ 

which signifies benzene occurs very frequently 
in organic chemistry, and is often replaced by 
a structural symbol, so hydroquinone may be 
written as 

HO <Q> OH. 

each comer of the hexagon corresponding to a 
carbon and a hydrogen atom (CH), exoept 
where something else (here OH) is attached, 
which replaces the hydrogen atom. 

Other structural symbols are the lines which 
join the atoms together. Single, double, and 
triple lines indicate different types of chemical 
bond, and thus show quite a lot about how the 
compound is likely to behave. L.A.M. 

See also: Chemical calculations; Chemicals. 

CHEVALIER, CHARLES LOUIS, 1804-59. 
French optician and camera obscura manu- 
facturer. Made apparatus for Nidpce and 
gave his address to Daguerre for whom he was 
also working. Produced photomicrographs as 
early as March 1 840. Improved lenses for the 
camera obscura and in 1842 won a prize for 
his lenses. Chevalier was one of the earliest 
French photographic writers and dealers. 
Biography by Arthur Chevalier (Paris 1862). 

CHEVREUL, MICHEL EUGENE, 1786- 
1889. French chemist. Carried out important 
researches on dyes and colouring matters 
and particularly their behaviour under the 
action of moisture, light and heat. In 1849 
he studied the action of light on Prussian 
blue and many other colouring matters and 
explained the part played by oxygen and mois- 
ture in bleaching. Biography by Malloizel 
(Paris 1887). 

CHIAROSO JRO (from Italian— chiaro — 
light + oscuro = dark). Light and shade effect. 
In art, the manner of indicating transition from 
one tone into the other or of contrast between 
them. The term nowadays has more generally 
come to mean the way things are picked out by 
light or submerged in shadow. 

CHILDREN. A good child photograph should 
look as though the camera had caught the 
subject unawares. Seen in this way the child 
looks natural and makes the best photograph. 
This result cannot be achieved by forcing the 
youngster to pose, or it will look stiff and self- 
conscious. Children have a will of their own; 
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they can be made to pose naturally, but it 
must be done by kindness and understanding. 

A successful child photographer must be so 
practised in the technical side of his work that 
he can forget about it and bring all his under- 
standing and diplomacy to managing his 
subject. If he is preoccupied with technicalities 
he is bound to miss opportunities. He must also 
be able to deal tactfully with the child’s mother. 
Small children usually feel safer when the 
mother is near; around the age of two they 
tend to cling to her, and she may even have to 
be included in the picture. But with older 
children, there are times when a fussy mother 
can be an embarrassment to both the photo- 
grapher and his subject. No child can look 
natural if it is being constantly tidied and told 
to sit up straight and smile. The photographer 
must persuade the mother to wait in another 
room if he hopes to turn out good pictures. 

Being photographed is often an upsetting 
experience for the child. Often it has been put 
into clean clothes, given an extra wash, and had 
its hair freshly brushed before being brought 
along to the studio where its surroundings are 
completely unfamiliar. Under such circum- 
stances it is practically impossible to get a 
natural likeness. At home, the child gets over 
all the fuss more easily and the photographer 
has a better chance to get it into the right mood 
to be photographed. 

Things are much easier if the youngster can 
be taken when it is busy out of doors. Children 
playing in the open, or watching a Punch and 
Judy show, or the animals at the Zoo, very soon 
forget all about the camera. And once the 
child can be made to stay in one spot and 
forget the camera, most of the difficulties 
vanish. Generally the answer is to get it in- 
terested in some activity like playing with a 
toy, reading a book, winding a musical box, or 
blowing soap bubbles. 

The experienced child photographer wins 
the co-operation of his subject by treating it 
as an equal. He sets out first of all to make 
friends with the child, even explaining the 
camera to it, letting it look through the finder, 
or help to rig up the lamps if it is old enough. 
The Background. A suitable background is 
essential to a good child photograph. It should 
offer a contrast to the subject by being lighter 
or darker, and it should not be fussy. Indoors, a 
plain wall or a window will do, and it should 
have some light on it — black backgrounds are 
only for special effects. Out of doors, the sky, a 
hedge, or part of the house can make a good 
setting. In most cases the subject should be 
well away from the background so that it can 
be rendered sharp while the background is 
thrown out of focus. 

Viewpoint. Generally the viewpoint is chosen 
as close as possible so that the subject fills the 
whole of the negative area. There are excep- 
tions, as when the child is seen as part of the 
landscape, or when it is running about, but 


mostly the expression is the important thing, 
not the surroundings. 

The camera is best used on the same level 
as the child : children always look more inter- 
esting when they are seen on their own level. 
The photographer can get down on to the floor 
where the child spends so much of its time, or 
he can put the child on the table or in a high 
chair, or even on top of a wall. Such positions 
also make it more difficult for the child to 
wander out of range. There is no reason why 
the camera should look down simply because 
it is fitted with an eye-level viewfinder unless, 
for example, the child is lying in bed. 

Lighting. With child photographs, the simpler 
the lighting, the better. Indoors, good basic 
lighting is given by a main light shining at about 
forty-five degrees and from slightly above the 
camera, with a second light farther away 
directed to soften the shadows and put high- 
lights in the eyes. The lamps are then altered 
according to the position the child takes up. If 
there is any daylight, it may be used to advan- 
tage to replace the fill-in lamp. There may even 
be enough light coming through the window to 
make extra lights unnecessary and low sunlight 
coming through the window may be used with 
only a reflector for the shadows. Sometimes a 
light hanging above the child will accentuate 
the hair, and it is often the only way of making 
fair hair look really fair. The background, how- 
ever, may call for a lamp to itself. 

Out of doors, weak, diffused sunshine is the 
most suitable lighting. In direct sunshine, a 
reflector should be used. This may be a sheet 
of plywood or card covered with silver paper, 
a white cloth, or even a newspaper. With 
backlighting there is no tendency for the child 
to screw up its eyes, and it can tolerate the soft 
reflected light more easily than direct sun. 

Generally light coming from the direction of 
the camera is unsuitable; side or backlighting 
gives much better modelling. 

Flashlight is particularly suitable for photo- 
graphing children who cannot stand strong 
lights, and for action photographs indoors. It 
can also be used instead of a reflector out of 
doors. The general principles of lighting apply. 
It is better to have the flash at some distance 
from the camera in order to get modelling. In 
a medium sized room, with bright walls, there 
will be sufficient reflection to prevent heavy 
shadows. A reflector or a second, weaker flash 
can be used to advantage. The background 
should be either lit separately or it should be 
near enough to the child to get some light on it. 
You have to watch windows, mirrors and pic- 
tures which might reflect in the background. 
It is possible to get reasonable results with a 
boxcamera(on a tripod) and open flash. W.S. 

See also: Babies; Portraiture ; Portraiture at home; 
Portraiture outdoors. 

Books: All About Children Indoors, by H. van 
Wadenoyen (London); All About Children Outdoors, by 
H. van Wadenoyen (London); Photographing Children, by 
W. Suschitzky (London). 
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CHINA. As early as 2,350 years ago, ancient 
Chinese scientists already had some optical 
knowledge and an understanding of the prin- 
ciples of light sensitivity. 

In the fifth century b.c., the Chinese scientist 
and philosopher Mo Tzu expounded the 
relationship between the fundamental optical 
principles of reflection and the formation of 
inverted images by light passing through a 
pin-hole. He also explained the relationship 
between an object and its image in a flat, 
concave or convex metal mirror. 

In the fourth century b.c. a book entitled 
Lord Chou’s Notes on Technology recorded 
the method of making fire by concentrating 
sunlight with a concave mirror. 

A book entitled Huei Nan Tzu published in 
the Chin dynasty, 2,100 years ago, contains 
the following extract: “Cut a ball of ice, lift it 
to face the sun and put some dry grass under 
its shadow; fire will be created.” This was a 
clear description of how light can be focused 
to a point through a convex lens. 

In the North Sung dynasty (a.d. 960-1127) 
a scholar named Shen Kwa made a detailed 
and systematic explanation on the law of light 
in his Pen Talk of the Dreamy Stream. At that 
time the study of light already existed. It was 
called Ke Shu (The Art of Optics). 

A Chinese lecturer at the University of Hong 
Kong claims to have found traces of china 
plates made sensitive to light by a chemical 
process 2,000 years ago. These plates, he says, 
might have been turned into negative pictures 
if used in combination with a camera obscura. 
He argues, therefore, that the main principles 
of photography were known in China 2,000 
years ago. 

Cameras were introduced into China around 
1 840. In 1 845 (the twentieth year of the reign 
of Emperor Tao Kwang of the Chin dynasty) 
a scholar natned Chou Shou-chang mentioned 
photography in his Ssu Yi Tang Diary. 

Although the elementary principles of 
photography had long been studied by ancient 
Chinese scholars, their discoveries did not 
develop significantly until after 1937. 

After the founding of the Chinese People’s 
Republic, photographic work developed 
rapidly with the steadily rising living stan- 
dards. In the past few years, the ranks of 
photographers have greatly increased and 
photography has been widely used in industry, 
medicine, education and in the Press; it is also 
popular among the people. 

Press. Chinese newspapers use large numbers 
of photographs in various forms. The major 
daily papers in China issue a full page spread of 
pictures every week, containing 1 2 to 15 photo- 
graphs. In addition, they regularly devote 
several columns to photographic features and 
illustrate the news with photographs. Figures 
show that certain outstanding photographs 
often get a simultaneous circulation of more 
than five and a half million. 


During the past few years, illustrated maga- 
zines have won wide popularity. The China 
Pictorial is published in eleven languages — 
Han, Mongolian, Tibetan, Uighur, Korean, 
Russian, English, French, Japanese, Indonesian 
and Spanish. The Nationalities Pictorial is 
published in Han, Mongolian, Tibetan, Korean 
and Kazakh. The Liberation Army Pictorial is 
widely read among the armed forces and its 
circulation has been growing every year. In 
addition, there are local and industrial illus- 
trated magazines such as the Liaoning Pictorial, 
the Coal Mine Pictorial, etc. 

Other magazines carry large numbers of 
photographs. Seventy per cent of the maga- 
zines use photographs for their front and back 
covers, and some of them devote special pages 
to photo pictures. 

The Chinese people take a great interest in 
the photographic display windows in shops, 
schools, factory clubs, village cultural pavilions 
and country fairs, where they can see reflected 
in them their own life and work. 

Lantern-slides are likewise used in large 
numbers. These have reached every remote 
comer of the country. In schools, they are 
used for visual education. In the villages 
educational slides on science and history, etc., 
are often projected out of doors at night. 
Pictorial albums, post cards and calendars are 
issued regularly by various publishing houses 
and photography is widely employed in econo- 
mic construction and scientific research. 
Science. Since early 1953, China has esta- 
blished aerial photographic survey teams to 
investigate and survey forest resources. The 
teams have now completed their investigation 
of the forest areas in the Tahailin regions and 
the Greater and Lesser Khingan Mountains 
of North-east China. They are now carrying 
on their work in the Altai and Tienshan 
Mountains. The entire forestry survey through- 
out the whole country is scheduled to be 
completed within five years. Photography 
was also used in the great afforestation pro- 
jects of 1954, when 2,700,000 acres of forest 
belt were planted for crop protection, coastal 
defence, water conservation or timber produc- 
tion. 

Photomicrography is used in agricultural 
research on pest control and crop growth, and 
also in medicine. 

China also employs photography in industry, 
astronomy, geology, physics and water con- 
servancy. In the water conservancy project of 
the Huai River, for instance, photographs were 
taken for records and research through every 
stage of the work. All the main conservancy 
projects in China, including the ancient 
Tukiangyen irrigation system, have been 
photographed for research purposes. In one 
case, a photograph of the Shihlungkiang 
Reservoir in Hupeh province prompted on-the- 
spot research which revealed that the project 
had certain advantages over others. 
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Amateur Activities. With the steady rise in 
living standards, amateur photography is 
rapidly growing. Photographic shops with 
printing and developing services are plentiful 
in the Peking shopping centres as well as in the 
places of recreation and culture. With the 
rapid increase in the number of photography 
fans, the trade is experiencing a minor boom. 
In Peking alone there were 67 per cent more 
photographic shops in 1955 than in 1949. 
Amateur photography clubs are also on the 
increase and extending their influence. The 
Society of Photography in Peking University 
has been successful in raising the students’ 
standard of photographic technique and in 
fostering their interest in photography. 

As a result of these developments the industry 
as a whole is growing. In spite of increased 
output, the supply of printing paper, enlargers 
and filters, flash bulbs and photographic 
chemicals is falling behind the market demands. 
Exhibitions. Photography as an art is arousing 
widespread interest and appreciation. In 
recent years, photographers have produced 
work of high creative value. In the spring of 
1955, an exhibition of photography in Canton 
attracted more than 300 photos by profes- 
sionals and amateurs. On 2nd May 1955 a 
similar exhibition sponsored by the Union of 
Chinese Artists and other organizations opened 
in the Pavilion of the Union of Chinese Artists 
in Peking. On show were 291 photographs, 
including some in colour, selected from some 
3,300 submitted. These works reflected the 
various phases of national reconstruction and 
the people’s life in recent years. The exhibition 
later toured the country. 

Exhibitions of foreign photography also 
arouse wide interest; In 1955, for instance, a 
Polish exhibition on the art of photography, 
held in Peking and Shanghai, drew more than 
30,000 people during its first five days in 
Shanghai alone. 

The Future. The State is devoting increasing 
attention to the training of photographers. In 
addition to short-term photographic training 
classes in various organizations, courses on 
news photography have been instituted in 
noted universities, such as Peking and Futan 
Universities, with the aim of training news 
photographers. The Shanghai People’s Fine 
Arts Publishing House has published several 
popular books on photography. 

As photography is close to the life of the 
people of China and serves their interests, it 
holds an important position in public estima- 
tion. Although it is on the threshold of its 
development, the experience of the past few 
years shows that it has wide prospects. S.-h.S. 

CHLORHYDROQUINONE. Developing 
agent used in warm tone developers. Similar in 
use to hydroquinone. 

See also: ChJorquinoL 
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CHLORIDE PAPER. Development paper 
coated with an emulsion of silver chloride. 
They are known generally as contact papers and 
less often, nowadays, as gaslight papers. 

See alio: Papers. 

CHLOROBROMEDE. Light-sensitive emul- 
sion composed of a mixture of silver chloride 
and silver bromide. Emulsions of this type are 
coated on development papers and lantern 
plates. They possess the property of giving 
warm tones by normal development processes. 

CHLORQUINOL. Adurol; chlorhydroqui- 
none; chloro-para-dihydroxybenzene. De- 
veloping agent particularly in warm tone 
developers. 

Formula and molecular weight: C,H,(OH), 
Cl; 144-5. 

Characteristics: Fine white crystalline 

powder. 

Solubility: Fairly soluble in water. 

CHROMATIC ABERRATION. Axial aberra- 
tion of simple lenses, causing light of different 
colours to fall in different planes of focus. 

See also : Aberrations of tenses. 

CHROME ALUM. Potassium chromium 
sulphate. Standard ingredient in some harden- 
ing baths. 

See also: Alum, Chrome. 

CHROME FILMS. Another name for ortho- 
chromatic films. The term is liable to be mis- 
leading. 

CHROMIC ACID. Sensitizer used in some 
formulae for the carbon and carbro printing 
processes. 

See also: Chromium trioxide. 

CHROMIUM AMMONIUM SULPHATE. 
Hardener for plates and films used in some 
stop baths and fixing baths. 

See also: Alum , Chrome. 

CHROMIUM POTASSIUM SULPHATE. 
Standard ingredient in some hardening baths. 
Popularly called chrome alum. 

See also: Alum, Chrome. 

CHROMIUM TRIOXIDE. Anhydrous chro- 
mic acid; chromic anhydride. Sensitizer for 
carbon and carbro processes. 

Formula and molecular weight: CrO,; 100. 
Characteristics: Very hygroscopic red cry- 
stals, forms chromic acid in solution. 

Solubility: Highly soluble in water, soluble 
in acetic acid and ether. 
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CHRONOLOGY OF PHOTOGRAPHIC INVENTIONS 


Before 1700: Camera obscura and magic 
lantern. 

1725 Schulze, J. H.: Experiments on light 
sensitivity of silver salts; contact images 
(from stencils) on mixtures of chalk and 
silver nitrate; no fixing. 

1777 Scheele, C. W.: Blackening of silver 
chloride in the violet and the blue of the 
spectrum quicker than by other colours. 

1800 Heischel, Sir William: Discovery of 
infra-red. 

1801 Ritter, J. W.: Blackening of silver 
chloride by ultra-violet. 

1802 Wedgwood, T.: Contact copying of sil- 
houettes on leather sensitized with silver 
nitrate; no fixing. 

1818-25 Nidpce, J. Niciphore: Gravure of the 
first heliographic plates (copying of en- 
gravings on pewter sensitized with bitu- 
men, etching, printing). Attempts at 
direct photography. Bellows for photo- 
graphic camera ; iris diaphragm. 

1819 Herschel, Sir John F. W.: Discovery of 
thiosulphates and of the solution of 
silver halides by “hypo”. 

1826 Nidpce, J. N.: First photograph from 
nature on pewter sensitized with bitumen 
(exposure 8 hours). 

1832—8 Wheatstone, C.: First experiments in 
stereoscopy (geometrical designs). 

1835-7 Daguerre, L. J. M.: Daguerreotype 
(direct photography on silvered copper 
plates with a silver iodide surface) ; 
development of the latent image by mer- 
cury vapour. 

1835 Talbot, W. H. Fox: “Photogenic draw- 
ings”, copied on paper sensitized with 
silver chloride; fixed with potassium 
iodide or by prolonged washing in salt 
water. 

1837 Reade, J. B.: Photomicrographs in the 
solar microscope on paper sensitized 
with silver nitrate and gallic acid (by 
printing out or by development with 
gallic acid); fixing with thiosulphate. 

1839 Donn6, A., and Render, A.: First photo- 
graphic portraits. 

1 839 Wolcott, A. : Patents f or mirror camera in 
U.S.A. 

1839 Bayard, H.: Direct positive photographs 
on paper (silver chloride paper blackened 
by light, then impregnated with potas- 
sium iodide and exposed in the camera). 

1 839 Daguerre, L. J. M. : Publication of work- 
ing instructions for the daguerreotype by 
the French Government. 

1839 Ponton, Mungo: Light sensitivity of a 
paper impregnated with potassium bi- 
chromate — the basis of many printing 
processes. 

1839-40 Herschel, Sir John F. W.: First use of 
the word “photography”; Intensification 
with mercury chloride. 


1839-41 Donn6, A.; Berres, Joseph; Grove, 
W. R.; Fizeau, H. L.: Transformation of 
daguerreotypes into etched printing 
plates; album of engravings copied from 
photomicrographs. 

1840 Goddard, J. F.: Use of bromine for the 
acceleration of daguerreotype plates. 

1840 Draper, J. W.: First photographs of the 
moon on daguerreotypes; first photo- 
graphic portrait in the U.S.A. 

1840 Petzval, J. : Portrait lens (first application 
of calculation for the investigation of a 
lens type). 

1 840 Fizeau, H. L. : Gold toning of daguerreo- 
types. 

1840 Soleil, J. B. F.: Actinometer for expo- 
sure time determination. 

1841 Talbot, W. H. Fox: Calotype process 
(negatives on silver iodide paper im- 
pregnated with silver nitrate and gallic 
acid; development of the latent image by 
gallic acid; positive prints from these 
paper negatives). 

1842 Herschel, Sir John F. W.: Ferro- 
prussiate paper and other processes 
using iron salts. 

1843 Claudet, A. F. J.: Use of painted back- 
grounds for portraiture. 

1844 Fizeau, H. L., and Foucault, L.: Dis- 
covery of reciprocity failure on daguerreo- 
types ; photographic photometry. 

1844 Hunt, R.: Ferrous oxalate process, 
ferrous sulphate development. 

1 844 Martens, F. von : Panoramic camera for 
daguerreotypes. 

1847 Niepce de St. Victor, C.F.A.: Negatives 
on glass by the albumen process. 

1847 Blanquart-Evrard, L. D.: Albumen paper 
for positive prints; development of 
images which had been incompletely 
printed on print-out papers. 

1847-51 Mathieu, P. E, and Le Gray, G.; 
Humbert de Molard: Gold toning of 
positive prints on paper. 

1848 Becquerel, Edmond: Attempts at colour 
photography (heliochromy) on silver 
plates which were incompletely chlori- 
nated. 

1849 Brewster, Sir David: Lenticular stereo- 
scope prototype. Introduced 1851. 

1849 Le Gray, G,,jjnd Archer, F. S.: Experi- 
ments with collodion as carrier of nega- 
tive images on glass. 

1850 Humphrey, S. D.: Foundation of the 
first photographic journal in New York: 
The Daguerreian Journal. 

1 850 Le Gray, G. : Waxed paper process. 

1851 Archer, F. Scott: Wet collodion process. 

1851 Dancer, J. B.: Microphotographs by the 

wet collodion process. 

1851 Talbot, W. H. Fox: Photograph of an 
object in rapid movement by using an 
electric spark. 
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1851 Regnault, V.: Use of pytogallol as 
developer (physical development). 

1851 Claudet, A.; Duboscq, J.: Animated 
photographs (in Plateau’s Phenakisti- 
scope) suggested. 

1852 Martin, A. A.: Positive-looking images 
by the wet collodion process on a black- 
ened metal support (ferrotypes). 

1852 Archer, F. S., and Fry, P. W.: Ambro- 
types (negative collodion-on-glass photos 
with black support giving positive effect). 

1852 Laussedat, A.: Photography applied to 
surveying. 

1852 Talbot, W. H. Fox: Insolubilization of 
bichromated gelatin by light; first experi- 
ments with half-tone heliogravure. 

1852 Lemercier, Lerebours, Barreswil, and 
Davanne: Photolithography with half- 
tones on grained stone sensitized with 
bitumen. 

1852/3 Delves, J.; Highley, S.; Shadbolt, G.: 
Photomicrographs by the wet collodion 
process. 

1853 Brewster, Sir David : Stereo-camera with 
two lenses suggested. 

1853 Niepce de St. Victor, C. F. A.: Helio- 
gravure with bitumen on steel. 

1853 Gaudin, M. A. A.: Use of potassium 
cyanide as fixing agent for silver images; 
experiments with gelatin as carrier for 
silver images. 

1854 Pretsch, P.: Photogalvanography (half- 
tone intaglio copper printing plates by 
galvanoplastic moulding from bichro- 
mated gelatin reliefs). 

1854 Lespiault, M.: Roll-holders for sensitive 
paper negatives attached to a strip of 
textile material. 

1854 Brdbisson, A. de: Salted paper with 
starch, for positive prints. 

1855 Poitevin, A. L.: Photolithography on 
stone sensitized with bichromated gelatin, 
glue, albumen or gum — principle of 
collotype; first attempts to obtain 
“carbon prints”. 

1855 Lafon de Camarsac, P. M.: Photographs 
on enamel and porcelain (bumt-in). 

1855 Taupenot, J. M.: Negatives on collodio- 
albumen dry plates prepared in advance 
and requiring only a complementary 
sensitization. 

1855 Relandin: Roller-blind shutter mounted 
on the lens. 

1855 Maxwell, J. Clerk: Suggestion of three- 
colour separation, and of colour syn- 
thesis by multiple projection (carried out 
in 1861). 

1856 Norris, R. Hill: Collodion dry plates 
preserved with gum arabic. 

1856 Toumachon, G. F. (“Nadar”): Photo- 
graphy from the air in a free balloon. 

1857 Grubb, Thomas : Aplanat lens. 

1859 Bunsen, R., and Roscoe, H. E.: Use of 
magnesium (wire and later ribbon) 
to provide artificial light. 


1859 James, Sir H., and Asser: Photozinco- 
graphy. 

1859 Woodward, J.J.: Solar enlarger. 

1860 Fargier: Half-tone pigment images on 
bichromated gelatin with transparent 
support, exposed from the back. 

1860 Joubert, F.: “Phototype” (collotype). 

1860 Willfcme, F. : Photosculpture. 

1860 Dagron, P. R. P.: Microphotographs 
mounted on Stanhope lenses inserted in 
objects such as penholders. 

1861 Gaudin, M. A. A.: Collodion emulsion 
for negatives. 

1861 Russell, C.: Dry-collodion plates pre- 
served with tannin. 

1861 England, W.: Focal plane shutter. 

1862 Leahy, Thomas, and Russell, C.: Alka- 
line developer (pyrogallol-ammonia) for 
chemical development; reversal by dis- 
solving the first negative and development 
of the remaining silver salt. 

1864 Swan, Sir Joseph W.: Carbon process 
with double transfer; improvements in 
heliogravure. 

1864 Bolton, W. B, and Sayce, B. J.: First 
workable collodion emulsion. 

1864 Woodbury, W. B.: Multiplication of 
carbon prints by moulding (Woodbury- 
type). 

1864 Ducos du Hauron, L.: Patent for an 
apparatus (not made) for animated photo- 
graphy (camera and projector). 

1865 Tessi6 du Motay, C. M., and Marechal, 
C. R. : Improved collotype. 

1865 Simpson, G. Wharton: Positive collo- 
dion emulsion for printing-out papers, 
used by J. B. Obemetter (1867) for the 
manufacture of “Celloidin” papers. 

1865 Traill Taylor, J.: Magnesium flash 

powders. 

1866 Sanchez, M., and Laurent, J.: Baryta 
coating of photographic papers. 

1866 Steinheil, A.: Aplanat lens (rectilinear). 

1 867 Cros, C. : Principle of three-colour separa- 
tion and synthesis. 

1 867 Cook, H. : Opera-glass camera and plate 
change-box. 

1868 Harrison, W. H. : Experiments with posi- 
tive silver bromide gelatin emulsion for 
chemical development. 

1868 Albert, J.: Perfected collotype (use of 
glass plates as supports). 

1868 Ducos du Hauron, L.: Three-colour 
photography and the various methods of 
achieving it; subtractive colour syn- 
thesis. 

1869 Ost, A.: Citric acid stabilization of 
printing-out papers. 

1870 Dagron, P. R. P.: Use of microphoto- 
graphy for the pigeon post during the 
Siege of Paris. 

1871 Maddox, R. L.: Silver bromide gelatin 
emulsion for physical development (i.e., 
gelatin dry plates). 

1872 Muybridge, E.: Study of the movement 
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of animals by instantaneous photography 
and chronophotography (1877). 

1872 Gillot, C.: Line blocks on zinc, using the 
etching technique of F. Gillot (1850). 

1 873 Mawdsley, P. : Gelatin bromide paper for 
negatives and positives. 

1873 Vogel, H. : Dye sensitization for the green 
(basis of orthochromatic plates). 

1873 Willis, W.: Platinum paper for develop- 
ment (sold commercially in 1878 after 
various improvements). 

1873-4 Johnston, J.; Bolton, W. B.: Silver 
bromide gelatin emulsion (negative) 
prepared with excess bromide and washed 
before coating (such plates were sold 
commercially in 1874 by the Liverpool 
Dry Plate Co.). 

1 874 Janssen, P. J. : Photographic revolver for 
the chronophotographic study of the 
Venus transit. 

1877 Carey-Lea, M.: Ferrous oxalate de- 
veloper. 

1 878 Swan, J. W., and Bennett, C. : Increase in 
the speed of silver bromide gelatin emul- 
sions by ripening in a neutral medium. 

1878 Monckhoven, D. C. E. van: Preparation 
of silver bromide gelatin emulsions in the 
presence of ammonia. 

1878 Wratten, F. C. L.: “Noodling” of silver 
bromide gelatin emulsions before wash- 
ing. 

1879 KUc, K.: Photogravure on copper by 
transfer of a carbon print after graining 
with resin. 

1879 Swan, J. W., also Eastman, G.: Machine 
for coating plates. 

1880 Abney, Sir W. de W.: Use of hydro- 
quinone as developer. 

1881 Eder, J. M., and Pizzighelli, G.: Silver 
chloride gelatin emulsion (positive) for 
chemical development. 

1881 Cros, C.: Dyeing of gelatin by imbibi- 
tion (“hydrotypy”). 

1 882 Berkeley, H. B. : Use of sodium sulphite 
in developers. 

1 882 Attout and Clayton : Commercial manu- 
facture of orthochromatic silver bromide 
gelatin plates. 

1882 Abney, Sir W. de W.: Silver chloride 
gelatin emulsion for printing-out papers 
manufactured commercially in 1884 by 
J. B. Obemetter. 

1 882 Meisenbach, G. : Commercial production 
of half-tone blocks (line screen turned 
at 90° in the middle of the exposure). 

1 882-96 Marey, E. J. : Chronophotography on 
fixed plates and on movable films (photo- 
graphs in rapid succession at equal time 
intervals). 

1 883 Farmer, H. E. : Single-bath reducer (with 
ferricyanide and thiosulphate). 

1884 Eastman, G. : Stripping-film paper on 
reels in a roll-holder designed by W. H. 
Walker; machine for the continuous 
coating of paper. 


1885 Ives, F. E.: Half-tone blocks with 
crossed screen and square diaphragm. 

1886 Urie, John, sen. and jun.: Patent for 
continuous film processing machine. 

1887 Goodwin, H.: Patent (granted only in 
1898) for the manufacture of silver bro- 
mide gelatin films on thin celluloid base 
in long strips. 

1887 Hanau, G. : Plate-changing magazine. 

1887 Pizzighelli, G.: Platinum paper for 
printing-out. 

1887 Bausch, E.: Central shutter with blades 
forming also an iris diaphragm. 

1 888 Eastman Kodak Co. : Introduction of the 
first “Kodak” roll film camera (D. & P. 
since early ’80’s). 

1888 Carbutt, J.: Semi-rigid silver bromide 
gelatin pellicles on celluloid. 

1888-9 Andresen, M.: Use of para-pheny- 
lenediamine and Eikonogen as developers. 

1889 Edison, T. A.: Use of flexible Eastman 
film for Kinetoscope pictures. 

1 889 Namias, R. : Acid permanganate reducer. 

1889 Lainer, A.: Stabilization of fixers with 
bisulphites. 

1889 Enjalbert, T. E.: Portrait automaton for 
ferrotypes. 

1 890 Hurter, F., and Driffield, V. C. : Scientific 
investigation of emulsion characteris- 
tics; creation of photographic photo- 
metry. 

1890 Rudolph, P., and Abbe, E.: Anastigmat 
lenses. 

1 890 Bonnet, G. : Bichromated glue process for 
block-making (so-called “enamel” pro- 
cess). 

1891 Lippmann, G.: Colour photography 
by the interference method. 

1891 Andresen, M.: Use of para-aminophenol 
as developer. 

1891 Bogisch, A.: Use of metol, glycin and 
diaminophenol as developers. 

1891 Turner, S. N.: Daylight-loading film 
rolls (Kodak). 

1891 Edison, T. A.: Kinetoscope giving the 
illusion of movement by viewing images 
representing phases of a short scene. 

1 893 von Hoegh, E . : Double anastigmat 
lens. 

1893 Schumann, V.: Emulsions with negligible 
gelatin content, sensitive for the extreme 
ultra-violet. 

1893 Taylor, H. D.: Anastigmatic objectives 
with three uncemented lenses (Cooke 
lens). 

1 895 Lumifcre, A. and L. : Cinematograph. 

1895 Roentgen, W. C.: Discovery of X-rays 
and of radiography. 

1895 KliC, K.: Intaglio screen photogravure 
and rotogravure introduced. (Invented 
1890.) 

1896 Melifcs, G.: Directing of films; cinema- 
tographic effects and illusions. 

1898 Acres, Birt: First narrow-gauge cine 
film (17-5 mm., Birtac camera). 
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1900 Lumiire, A. and L.: “Photorama” for 
the taking and the projection of pano- 
ramic pictures of 360°. 

1901 Pulfrich, C.: Stereocomparator for the 
accurate exploitation of stereo pairs in 
terrestrial photogrammetry. 

1901 Gaumont, L.: Synchronization of a 
cinematograph with a phonograph. 

1901 Eichengriin, A.: Safety films from cellu- 
lose acetate. 

1902 Rudolph, P.: Tessar anastigmat lens. 

1902 Deckel, Fr.: Compound shutter intro- 
duced. 

1 902 Liippo-Cramer, H. : Metol-hydroquinone 
developer. 

1902 Deville, E.: Principle of an apparatus for 
stereophotogrammetric restitution. 

1902 Traube, A.: Ethyl Red used as colour 
sensitizer; this was the first sensitizer of 
the isocyanine series. 

1902 Eastman Kodak Company: Gelatin 

backing on films to prevent curl (com- 
mercially introduced); daylight develop- 
ment tank. 

1904 Konig, E., and Homolka, B. : Ortho and 
panchromatic sensitizers (Orthochrome, 
Pinachrome, Pinacyanol). 

1904 Rawlins, G. E.: Fatty ink processes 
(“oil prints”) applied to artistic photo- 
graphy. 

1904 Kom and Glatzel : Phototelegraphy. 

1906 Wratten and Wainwright Ltd.: First 
commercial panchromatic plates. 

1906 Courtet, E. (pseudonym Cohl): Ani- 
mated films. 

1907 Welboume Piper, C., and Wall, E. J.: 
Bromoil process. 

1907 Homolka, B.: Colour development with 
leuco dyes. 

1907 Lumi£re, A. and L.: Autochrome plate 
for colour photography. 

1907 Goldschmidt, R. B. : Photographic reduc- 
tion of documents for library use. 

1907 Smith, C. A., and Urban, C.: Kinema- 
color, first commercial additive two- 
colour cine process. 

1908 Clerc, L. P.: Theory of the photogravure 
screen. 

1908 Keller-Dorian, A.: Patent for lenticular 
colour process for cinematography. 

1908 Belin, E.: Phototelegraphy on telephone 
lines. 

1910 Goldberg, E.: Moulded neutral grey 
wedges for sensitometry. 

1910 Dufay, L.: Regular screen process of 
additive colour photography. 

1911 Lauste, E. A.: First experiments in 
talking films. 

1912 Deckel, Fr.: Compur shutter introduced. 

1912 Gaumont, L.: Three-colour cinemato- 
graphy by simultaneous additive syn- 

1912 Fischer, R., and Siegrist, H.: Colour 
development based on formation of 
indamine and indophenol dyes (later 


employed in three-colour photography). 

1912 Eastman, G., and Mees, C. E. K.: Foun- 
dation of the Kodak Research Labora- 
tories. 

1914 Eastman Kodak Co.: First Kodachrome 
process (two-colour subtractive). 

1919 Adams, E. Q., and Haller, H. L.: Dis- 
covery of cryptocyanine, the first practi- 
cal sensitizer for infra-red. 

1920 Pope, Sir William J„ Mills, W. H„ and 
Hamer, Miss F. M.: Constitution of the 
colour sensitizers of the cyanine group. 

1920 Liippo-Cramer, H.: Desensitization. 

1921 Belin, E.: Transmission of pictures by 
wireless. 

1921 Bocage, A.: Radiographic tomography 
ofliving objects. 

1921 Duclaux, J., and Jeantet, P.: Sensitiza- 
tion for the far ultra-violet by putting a 
fluorescent layer on the emulsion. 

1923 Koegel, G.: Diazo prints developed with 
ammonia vapour. 

1923 Konig, W.: Preparation of di- and tri- 
carbocyanines, sensitizers for the extreme 
red and the near infra-red. 

1923 Eastman Kodak Co.: Reversal proces- 
sing of 16 mm. film, leading to wide- 
spread amateur cinematography. 

1S24 Sheppard, S. E., and Punnett, R. F.: 
Discovery and identification of active 
impurities in gelatin which led to the 
preparation of very rapid emulsions. 

1924 Baraack, O.: Camera using 35 mm. film, 
manufactured by Leitz. 

1925 S6guin, A. and L.: Practical use of a 
condenser discharge in a rare gas for the 
photography of very rapid movements. 

1927 Beginning of universal use of sound films. 

1928 Hamer, Miss F. M.: Polymethine sensi- 
tizers derived from benzothiazoles with 
alkyl substitution on the middle carbon. 

1928 Franke & Heidecke: Rolleiflex twin lens 
reflex camera introduced. 

1928 Arens, H., and Eggert, J.: Density sur- 
faces for various types of emulsion. 

1928 Commercial microfilming on 16 mm. film 
in rotary camera. 

1929 Ostermeier, J. : Combustion of aluminium 
wire or foils in oxygen in a sealed bulb. 

1931 Schmidt, B.: Catadioptric lens with 
large aperture. 

1935 Brooker, L. G. S., and Keyes, G. H.: 
Preparation of tetra- and penta-carbo- 
cyanines. 

1935 Heisenberg, E.: Emulsion for direct 
positives and prints, without inversion of 
a provisional negative. 

1935 Laporte, M.: Electronic flash with white 
light. 

1935 Mannes, L. D., and Godowsky, L.: 
Subtractive three-colour separation and 
synthesis on the same film with super- 
imposed emulsions, the colour couplers 
being added to the developers (Koda- 
chrome process). 
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1936 Colour couplers in the emulsions of 
colour film (Agfacolor reversal process). 

1936 Koslowski, R. : Increase in the sensitivity 
of emulsions through the addition of 
aurous thiocyanate. 

1936 Strong, J.: Reflection-diminishing coat- 
ings with insoluble fluorides on lens 
surfaces. 

1938 Mott, N. F., and Gurney, R. W.: Theory 
of the latent image. 

1939 Agfacolor negative-positive colour print- 
ing process. 

1939 James, T. H.: Investigations on the 
kinetics of development. 

1939 Jones, L. A.: Experimental basis of the 
standardization of the sensitometry of 
negative emulsions. 

1939 Edgerton, H. E.: Improvement in elec- 
tronic flash lamps. 

1940 Ardenne, M. von: Investigation of the 
structure of developed images under the 
electron microscope. 
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1941 High-resolution plates permitting 750- 
fold enlargement of the image. 

1942 Rott, A.: Principle of reversal by the 
transfer of diffusion images, and practical 
applications. 

1942 Silver halide-sensitized zinc plates for 
rapid photolithography. 

1942 Kendall, J. D.: Patent on Phenidone, 
a new developing agent (l-phenyl-3- 
pyrazolidone). 

1946 Blackner, L. L., Brown, F. M., and 
Kunz, C. J. : Projection of images within 
fifteen seconds af ter taking. 

1947 Magnetic recording replaces photo- 
graphic sound recording in film studios. 

1949 General introduction of safety base for 
35 mm. motion picture films. 

1950 Coloured couplers for self -masking 

colour correction. R.S.S. 

See also: Camera history; Cine history; Colour history; 

Development history; Discovery of Photography; Lens his- 
tory; Sensitized materials history . 


CHRONOPHOTOGRAPHY. Photographic 
method of analysing an action by taking a 
series of still pictures at regular intervals 
throughout its duration. This method of analys- 
ing motion is very similar to cinematography, 
although the apparatus used is quite different. 
Muybridge’s Experiments. In Paris, Professor 
E. J. Marey, about 1870, was investigating 
human and animal motion by means of various 
mechanical devices; he called the records 
chronographs. An American racehorse owner. 
Governor Leland Stanford of California, 
doubted the results of some of his investi- 
gations into the action of racehorses — in 
particular that there was ever an instant when 
a galloping horse had only one forefoot on the 
ground. E. J. Muybridge, an English photo- 
grapher living in San Francisco, was com- 
missioned to check Marey's findings. 

In 1 877 Muybridge succeeded in proving that 
Marey was right, and in doing so produced 
what were the first true chronophotographs. 
These classic pictures were made by arranging 
for a horse and rider to pass in front of a row 
of cameras with shutter releases connected to 
threads stretched at regular intervals across 
the path. As the horse came opposite each 
camera in tum, it broke the thread operating 
that particular shutter and took its own photo- 
graph. The whole row of cameras yielded a 
continuous chronophotograph. 

Marey’s Single Negative. Muybridge’s experi- 
ments prompted Professor Marey to adopt the 
photographic approach to his own researches. 
He constructed a number of cameras with this 
end in view, aiming at getting the whole series 
of chronophotographs on the one negative. His 
first apparatus, constructed about 1880, con- 
sisted of a plate camera equipped with a spring 
motor-driven rotary disc shutter having a 


number of regularly spaced apertures. As each 
aperture passed in front of the plate it recorded 
the position at that instant of an object moving 
across the field of the camera. A small object 
moving quickly recorded a series of separate 
images on the plate, the space between each 
image depending on how fast the shutter was 
rotated. 

If the subject was large in relation to the 
speed of rotation of the shutter, the successive 
images overlapped and gave a confused picture. 
Marey overcame this difficulty by putting his 
subject into a black suit with a white stripe 
sewn down the arm and leg facing the camera. 
He then took the photographs against a black 
background and obtained a series of separate 
images of the white stripes. In this way he was 
able to produce records of the movements of 
the limbs of people walking or running past 
the camera. 

Marey’s next development was a “(jun" which 
took a series of pictures of a moving subject 
and recorded them separately on a single plate. 
The gun carried a circular plate in front of 
which was a disc with twelve openings around 
its circumference. In front of this disc was a 
second disc pierced with a slit. On pressing the 
trigger of the gun, a clockwork mechanism 
rotated the discs. The disc canyiDg the twelve 
frames rotated one-twelfth of a revolution 
while the disc carrying the shutter slit revolved 
once, so that each of the twelve openings 
appeared in tum behind the lens and was 
exposed through the slit. The result was a plate 
carrying twelve separate photographs showing 
successive attitudes of the moving subject. This 
gun successfully recorded chronophotographs 
of birds in flight, taking twelve successive 
pictures per second with a shutter speed of 
1/720 second. 
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MUYBRIDGE'S CHRONOPHOTOGRAPHIC SET-UP. A series 
of cameras were lined up along the track used to photograph 
the movement. The shutter release of each was linked to a 
rubber band held tensioned by a trip wire. As the horse moved 
over the track, it broke the trip wires which released the rubber 
bands and exposed a picture in each camera in turn. 

In 1 883 the French Government established 
a department of physiological research in Paris 
where Marey carried on a chronophotographic 
investigation of the movements used by humans 
and animals in various forms of activity. Marey 
subsequently recorded chronophotographic 
sequences on long rolls of paper and, finally, 
roll film. 

All of his instruments for this suffered from 
an inherent disadvantage: the sensitized 
material had to be transported fast enough to 
separate the images and brought to a sudden 
stop at each instant of exposure. In practice 
this meant being satisfied with very small 
images to reduce the amount of shift of the 
material between each exposure. But this type 
of record is only useful if the individual pictures 
are large enough to be examined in detail, and 
the sensitized materials of the time would not 
permit a high degree of enlargement. For this 
reason a number of workers in this field chose 
to develop the Muybridge approach of making 
the successive exposures in a number of 
separate cameras. 

Other Systems. The apparatus used by General 
Lebert in 1890 consisted of six full-size cameras 
mounted in a circle with an electric motor in 
the centre. The motor carried an arm which 
rotated and operated the shutters of each camera 
in turn. This arrangement was used for photo- 
graphing projectiles. 

A year or two after this, Albert Londe con- 
structed a camera in which sets of lenses 
equipped with electro-magnetic shutters formed 
separate images regularly arranged to occupy 
a single plate. One six-lens camera used a 
13 x 1 8 cm. plate while one with twelve lenses 
covered a 24 x 30 cm. plate. With these cameras 
there was a separate clockwork selector switch, 
governed by a metronome which operated each 
of the shutter solenoids in turn, allowing a 
variable time interval between the successive 
exposures according to the speed and range of 
the action to be analysed. 

At about the same time, O. Anschutz, work- 
ing on similar lines to General Lebert, con- 
structed and used chronophotographic arrange- 
ments of up to twenty cameras. Anschutz, 
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however, took his results an important step 
forward — having broken down the action into 
a number of stills, he devised a method of 
reproducing the movement from his results. He 
mounted his pictures on a drum which could 
be rotated to bring each picture in turn into a 
viewing aperture. As each picture came into 
view, it was illuminated by an electric spark so 
that as the drum rotated the observer saw a 
moving picture. 

Present-day Use. Various workers in other 
countries were also interested in synthesizing 
movement in this way by means of chrono- 
photographs, but, although chronophotography 
was directly responsible for the development of 
cinematography, it pursued its own distinct 
course right up to the present time. There is a 
basic difference between the two. In both a 
series of still pictures is taken of a moving 
subject. But the object of chronophotography 
is to present a series of still pictures for detailed 
study, each picture “freezing” a particular phase 
of the action. In cinematography the object is 
to produce a moving picture of the whole event. 

So the still pictures taken in chronophoto- 
graphy are usually of a larger format and of a 
higher standard of definition than cinemato- 
graph pictures. 

Today the most important application of 
chronophotography is in time and motion 
study. 

A special type of chronophotography which 
is reminiscent of Marey’s early apparatus is 
carried out today with electronic flash. The 
subject moves against a dark background and 
is illuminated by an intermittent flash while 
the camera shutter is left open. This produces a 
succession of images on the same plate, each 
image being displaced both in time and 
space from the preceding one by an amount 
that depends on the frequency of the flashes and 
the speed of the movement. 

The method has both scientific and artistic 
applications. Because of the high speed of the 
flash, it is possible to analyse extremely rapid 



MARE r’S ORIGINAL CHRONOPHOTOGRAPHIC CAMERA 
O, lens. M, crank for rotating the shutter. D, rotating shutter 
disc. {, shutter slit. C, plate. 
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motion, while the movements of a dancer or 
athlete photographed in this way can produce 
interesting and even beautiful patterns. F.P. 

See also: Camera history; Cine history; Motion study; 
Stroboscopic flash. 

CHRYSOIDIN. Diaminoazobenzene. Orange 
dye used in some desensitizers and dye toners. 

Formula and molecular weight: C,H.N a C, 
H, (NH,) S ;212. 

Characteristics: Orange powder, stains 

fabrics and mordanted gelatin. 

Solubility: Slightly soluble in water at room 
temperature. 

CHURCHES. The technique of photographing 
churches is a normal aspect of architectural 
photography. Other specific considerations 
which may arise involve matters of perspective 
and its correction by employing camera move- 
ments. 

In addition to such technical problems, the 
photographer may also have to consider non- 
photographic aspects, e.g., permission to take 


photographs in the church, which must always 
be sought beforehand; and in the case of 
weddings, familiarity with the procedure of the 
wedding ceremony. 

Sec also: Architecture; Camera movements; Interiors; 
Permits to photograph; Perspective; Stained glass win- 
dows; Weddings. 

C.I.E. STANDARDS. Standards of illuminants 
and of colour perception set up by the Com- 
mission Internationale d’ficlairage (Inter- 
national Commission of Illumination) to 
provide a means of accurately describing 
colours. Also known as I.C.I. standards or (in 
Germany) I.B.K. standards. 

CINE CAMERA. Camera designed to take 
motion pictures. The photographic principles 
of a cine camera are the same as those of a still 
camera, except that the mechanism is constructed 
to take a whole series of still pictures in rapid 
and continuous succession (usually 16 or 24 
per second). These pictures are recorded on a 
long and narrow strip of sensitized film. 

See also: Cinematography. 


CINE FILM PROCESSING 


Home processing of sub-standard cine film 
'is possible, although rarely done. The length 
of film involved gives rise to special problems, 
not least of which is the equipment needed to 
process it. However, anyone with the ability to 
construct simple apparatus can process cine 
film with satisfactory results provided that the 
apparatus is reliable and Well designed. But it is 
generally better to entrust the work to a 
laboratory properly equipped and experienced 
in cine processing, since the bother seldom 



CINE HIM PROCESSING DRUM. The cine film is wound up on 
t he outside of the framework, neighbouring turns being kept 
apart bjr suitable separators. 

B.— F 


justifies home processing, and the quality 
seldom is an improvement. 

Equipment. The basic equipment consists of: — 

(1) A film holder to support the film through- 
out the entire processing operations. 

(2) A mount for the film -holder either during 
loading or processing or both. 

(3) A holder f or the exposed film spool. 

(4) A solution tray. 

(5) A thermometer. 

(6) A luminous darkroom clock. 

(7) Asafelight. 

(8) A number of glass bottles or good quality 
enamel jugp. 

With this kit as a minimum, plus the use of 
a large sink and running water, home pro- 
cessing can produce good quality work. 

The best type of film holder is one made in 
the shape of a drum on which the film runs in 
a spiral path. Suitable separators keep the 
turns of film apart. 

The diameter of the drum should not be too 
large, otherwise it will cause aerial oxidization 
of the developer on the surface of the film as the 
drum is rotated. 

The drum may be directly mounted inside the 
tank, but if the drum is fairly large the tank 
then becomes unnecessarily deep. A better way 
is to mount the drum on an independent 
framework, dipping into a shallower tray. 

The only other equipment required is two 
lights in reflectors giving the equivalent of 100 
watts at 8 feet. They provide the white light for 
the second exposure with reversal film. 
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Films and their Handling. The normal film used 
in sub-standard cinematography has a reversal 
emulsion, which is first processed to produce a 
negative, and this negative is treated so that 
the image is reversed to form a positive. 

Other films used may have either negative or 
positive emulsions. The former is not much used 
by amateurs owing to the disadvantages of cost 
in obtaining a positive copy, which must 
normally be done by a professional laboratory. 
Positive film is useful for making titles to be 
spliced into a picture which has been made on 
reversal film. 

The main problem of handling the film arises 
from the length of the strip involved. This 
necessitates special loading jigs for threading 
the film evenly on the dnun. Agitation is 
comparatively simple and consists of rotating 
the drum by a suitable handle at 40-60 revolu- 
tions per minute. 

For washing or rinsing, a spray may be 
directed over the drum, while the lamps in 
their reflectors, mentioned above, are posi- 
tioned above the drum for the second exposure 
in reversal processing. 

Reversal Film. The sequence of processing is 
as follows. In total darkness or by a deep green 
safelight : — 

(1) Pre-soak the film for 2-3 minutes in water 
to ensure even development. 

(2) First development to produce a negative 
image. A suitable formula is: — 

Metol 35 grains 2 grams 

Sodium sulphite, cryst. ... 7 ounces 180 grams 

Hydroquinone 140 grains . B grams 

Sodium carbonate, cryst. ... 5 ounces 125 grams 

Potassium thiocyanate ... 35 grains 2 grams 

Water to make 40 ounces 1,000 c.cm. 

Develop for 6 minutes at 65° F. (18° C.). This 

solution may be saved and used again for the 
second development. 

(3) Hardening bath. This must be included in 
the process if the bleaching bath A, designed to 
prevent staining, is used. If preferred, bleach 



PROCESSING DRUM SUPPORT. This carries the processing 
drum as well as the solution tank. Accessories on the support 
frame include a spool bar for easy loading from the camera 
take-up spool, and a perf orated tube f or spray washing of the 
film between the processing stages. The solutions are replaced 
by changing the tank (not shown). A, spool bar. B, support for 
tank. C half-bearings to support the film drum. D, spray 
tube with hose to water supply. 


bath B may be used and the hardening bath 
omitted. The formula for the hardening bath 
is: — 

Formalin (40 per cent) ... I ounce 25 c.cm. 

Sodium hydroxide 27 grains 1*5 grams 

Water to make 40 ounces 1,000 c.cm. 

Harden for 5 minutes at 65° F. (18° C.). 

(4) Rinse for 2 minutes in running water to 
remove the developer and hardener. 

(5) Bleach in the following bleaching bath to 
dissolve away the negative image: — 

Bleaching Bath A 

Water 40 ounces 1.000 cun. 

Potassium permanganate ... 35 grains 2 grama 

Sulphuric add fconc.) ... 192 minims 10 c.cm. 

Silver nitrate (10 per cent) 77 minims 4 c.cm. 

Bleach for 7 minutes at 65° F. (1 8° C.). This 
solution will not keep after use. 

Bleaching Bath B 

Water 40 ounces 1,000 ccm. 

Potassium bichromate ... 175 grains 10 grams 

Sulphuric acid (cone.) ... 200 minims 10 ccm. 

Dissolve the bichromate in the water, then 
add the sulphuric acid slowly, and with con- 
stant stirring, to the cold solution. Bleach for 
5 minutes at 65° F. (18° C.). 

(6) Rinse in running water for 2 minutes. 

(7) In an orange or bright green safelight: 
clear in the following clearing bath to remove 
the bleacher stains. 

Sodium bisulphite 2 ounces 50 grams 

Water to make 40 ounces 1,000 c.cm. 

Clear f or 2 minutes at 65° F. ( 1 8° C.). 

(8) Rinse in running water for 1 minute. 

(9) Second exposure, to make the remaining 
silver developable. The film should be exposed 
to the equivalent of 100 watts at 8 feet for 1 
minute, whilst the drum is rotated very quickly 
to ensure even exposure. The drum must be 
rotating before the white light is switched on. 

(10) Second development to form the posi- 
tive image. The developer used for the first 
development may be used again for the second 
development. Develop for 5 minutes at 65* F. 
(18° C.). 

(11) Rinse in running water for 1 minute to 
remove the developer. 

(12) Fix in this fixing bath: — 

Sodium thiosulphate ... 12 ounces 300 grams 

Potassium metabisulphite ... I ounce 25 grams 

Chrome alum } ounce 12*5 grams 

Water to make 40 ounces 1,000 c.cm. 

Fix for 5 minutes at 65° F. ( 1 8° C.). 

In white light: 

(13) Final wash. Wash in running water for 
30 minutes. 

(14) Drying. Either transfer the film to a 
drying drum, gently squeegeeing it between a 
chamois leather which has been previously 
thoroughly wetted and wrung out, or, if the 
film is to be dried on the processing drum, 
gently fold the damp leather around the film 
and release one end from one horizontal cross 
bar and attach it to the next — thus forming a 
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MT HROOM FOR CINE PROCESSING. The special fittings are: 
A, second exposure unit; B, safelight; C, processing drum; 
D, second exposure switch (in the interests of safety, a ceiling 
switch Is better still): E. normal ceiling light fitting; F* 
room light switch; G , junction box. 

loop. Gently rotate the drum whilst applying a 
slight tension to the film by holding the leather 
away from the drum. 

Dry the film in a warm atmosphere for as 
long as possible. The film should be left for 
at least 20 minutes and then will be completely 
dry only if the atmosphere is ideal. 

(15) Re-spooling. Spooling up may be per- 
formed directly from the drum to a re-wind 
bench. To prevent sudden jerks on the film it is 
desirable to get an assistant to unwind the 
drum gently whilst the spool is being turned. 
Negative Film. Processing of negative film must 
be carried out in total darkness or by the light 
of a dark green safelight. The sequence is as 
follows: — 

(1) Pre-soak for about 1 minute. 

(2) Develop for a time found to be correct 
for the particular processing machine in use, 
by processing short tests on standard exposure 
subjects. 

(3) Rinse for 1 minute. 

(4) Fixfor twice the time takenfor the film to 
clear. 

The white light may now be switched on. 

(5) Wash for at least 30 minutes. 

(6) Dry and spool up. 

Positive Film. This is non colour-sensitive, and 
processing may be carried out by the light of an 
amber safelight. The sequence is: — 

(1) Pre-soak for about 2 minutes. 

(2) Develop in a contrast developer for a 
time indicated by a test film. 


(3) Rinse for 5 minutes in running water. 

(4) Fix for twice the time taken to clear the 
transparent sections. 

(5) Thoroughly wash in running water for at 
least 30 minutes. 

(6) Dry and spool up. 

Processing Tests. Preliminary processing tests 
made on a film exposed on a test chart can 
provide useful information about the charac- 
teristics of the film, and the efficiency of the 
equipment. 

The chart may include black and white discs 
on a white and black background respectively. 

The black discs on the white background are 
a test for streakiness in development and, 
should this defect occur, the images of the 
discs will have trailing grey tails either above or 
below them. This trouble is known as direc- 
tional effect. It occurs when solution agitation 
is poor and exhausted developer remains very 
near to the film surface. 

A strip of white discs on a black background 
serves a similar purpose but is a much more 
severe test. This measures the seriousness of any 
such defect. 

In addition the chart should include a grey 
scale of areas ranging from white through the 
greys to jet black. This tone range checks the 
reversal process generally and, particularly, 
shows whether the second exposure covers the 
whole range between highlights and shadows. 

The chart must be illuminated evenly for the 
test exposure. To do this, make it quite large 
and photograph it by sunlight. Expose about 
20 feet of film, and then carefully store the 
chart for use as a standard of reference in 
future tests. 

Hand Test. Before processing on the drum 
itself, a hand test, using the see-saw technique, 
should be performed on about a 2 feet length 
of the test film. Small quantities of the solutions 
prepared for drum processing can be used, em- 
ploying one pound jam-jars. 

Provided the times and temperatures for the 
drum processing are carefully followed, the 
differences between the hand test and drum 
conditions will be so slight that the test on the 
drum should be almost perfect. A.E.S. 

See else: Cine laboratories. 

Book: How to Process, by L. Wheeler (London). 


ONE FILMS (SUB-STANDARD). Sub- 
standard or narrow gauge cine films include all 
those films with an over-all width of less than 
the standard 35 mm. Discounting an appre- 
ciable number of obsolete sizes, the current sub- 
standard cine films are either 8, 9-5 or 16 mm. 
Film Types. Sub-standard cine films are avail- 
able in several types, according to their use and 
the manner of processing. They are: — 

(1) Negative films. These resemble normal 
negative film for still photography, and are 


processed in more or less the same manner. 
They serve for the production of release prints 
(positives) in any required number. The 
negative is never screened in a projector, and 
therefore is not liable to damage. Negative 
stock is used principally by professional and 
commercial studios and newsreel companies 
where several positives are required. 

(2) Reversal films. These make up by far the 
largest proportion of amateur cine film 
materials, and are processed by reversal to 
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yield a positive image directly on the actual 
film that was exposed in the camera. The 
running cost of reversal film is therefore lower 
than with negative film, but the reversal posi- 
tive is the only one of its kind. If it should get 
damaged or worn by repeated projection, any 
duplicate made from it would show the same 
injury to the image. If additional copies are re- 
quired, they have to be made by duplication 
before the original is used for projection; for 
few copies, they are made on reversal film. 

(3) Positive film. This is used almost exclu- 
sively for making positive prints from negative 
films, or occasionally also for filming titles. The 
latter is the only use for amateur purposes, 
since printing negative cine films requires 
special apparatus. 

(4) Colour films. These are almost invariably 
reversal films, although 16 mm. negative 
colour film has b#en made for professional 
filming. The characteristics of sub-standard 
colour cine film are usually very similar to 
those of still photography materials of the same 
make. 

Non-sensitized cine film is also available for 
splicing purposes— e.g., as leaders. For con- 
venience, this often has a yellow base. 

Speed. Sub-standard cine materials fall into 
four general speed groups; — 

(1) High speed materials. These have a speed 
of 30° to 35° B.S.I. log index and are used for 
filming by artificial light or in poor lighting 
conditions. 

(2) Medium speed materials. These are used 
for general filming indoors and out, where the 
extreme speed of the high speed materials is 
not required. Speed range is around 28° to 29“ 
B.S.I. log index. 

(3) Fine grain materials. With a speed of 26° 
to 27° B.S.I. log index, these materials are 
generally suitable for most outdoor subjects. 

(4) Extra fine grain materials. They have a 
speed of 21° to 24° B.S.I. log index, and are 
used for outdoor subjects in good light. They 
are especially popular with 8 mm. cameras, as 
the grain obtained is really fine. 

Grain and Resolving Power. As with negative 
materials for still photography, the grain of 
sub-standard cine films tends to increase with 
increasing speed. In view of the considerably 
greater enlargement which takes place during 
projection, sub-standard cine films must have a 
finer grain than ordinary film materials. 

A point in favour of the cine film here is 
that as the pictures are projected at the rate of 
16 or more frames per second, no image re- 
mains on the screen for long enough to make 
its grain structure really noticeable. In other 
words, the grain becomes partly (but not com- 
pletely) hidden by the change of images. This 
effect, however, does not compensate for the 
loss of resolving power due to the grain of the 
film. 

The effect of grain and resolving power is, 
of course, most important with the smallest 
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sub-standard size — i.e., 8 mm. For that reason, 
some manufacturers do not produce high-speed 
films in this size. 

Colour Sensitivity. Most sub-standard cine 
films — negative as well as reversal — are pan- 
chromatic — i.e., sensitive to all colours. Many, 
especially the high-speed types, have an 
increased sensitivity to red which makes them 
particularly suitable for artificial light work. 
The positive films are generally blue sensitive 
only, as colour sensitivity is not necessary when 
copying from a negative. Positive films can 
therefore be handled in the light of a compara- 
tively bright safelight for processing. 

Sizes and Packings. The type of packing 
depends on the size of the film. 

16 mm. film is available on spools holding 
50 or 100 feet. For certain cameras it is also 
available in 50 feet magazines which can be 
loaded in full daylight and changed at any time 
during the run. It is also supplied, for pro- 
fessional use, in rolls of up to 1,000 feet. The 
film is perforated on each side, with one per- 
foration each side per frame. 



CINE FILM GAUGES. Approx, natural size. Top left: 35 mm. 
silent. Top right: 35 mm. sound. Upper centre left: 16 mm 
silent. Upper centre right: 16 mm. sound. Lower centre 
left: 9-5 mm. silent. Lower centre right: 9*5 mm. sound. 
Bottom left: Double-run 8 mm. Bottom right: Single 8 mm. 
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16 mm. sound film is perforated on one side 
only, the other side carrying the sound track. 
This type of film is only used for professional 
filming and is usually available on spools hold- 
ing 100 or more feet. There are two standard 
ways of winding such film on the spool, 
depending on whether the perforations are on 
the left or on the right, viewed from above the 
film in the direction in which it comes off the 
spool. This caters for the two different types 
of sound equipment in common use. 

9-5 mm. film is available in 30 feet chargers, 
or 50 feet magazines, as well as on 50 and 100 
feet spools. The designs of chargers and maga- 
zines vary with the make of the camera. The 
film is perforated in the middle with a single 
perforation between each frame. The image area 
extends almost to the edges of the film. 

9-5 mm. sound film is similar to ordinary 9-5 
mm. film, but carries a sound track along one 
edge while the picture size is somewhat reduced 
to make room for it. 

9-5 mm. duplex film carries two perforations 
between each pair of frames and can be used 
either in the orthodox way, provided the 
camera and projector are suitably adapted to 
take the film, or else it may be run off hori- 
zontally in a special camera which exposes 
only one side of the film. After running through 
the camera once, the film is turned over to 
expose the other half and then processed. After 
processing the film is slit along the middle, and 
the two halves are joined end to end to yield 
a film of twice the original length. 

8 mm. double run film is the most common 
form of 8 mm. material. It is available in spools 
holding 25 or 50 feet or in chargers or maga- 
zines holding 25 feet. The film is exposed twice, 
running through the camera once to expose one 


TYPES OF SUB-STANDARD CINE MATERIALS 


Type Speed B.S.I. Gauges Uses 

D. 7. (mm.) 


Negative Films ( Panchromatic ) 
High speed 31-34 30-33 16 


Medium 29-30 27-29 16 

speed 

Slow 22-23 20-21 16 

Reversal Films ( Panchromatic ) 

High speed 3 1-37 30-36 1 6, 9 5, B 

Medium 27-20 26-27 16,9-5.0 

speed 

Extra-fine 21-23 19-21 16,9-5,0 

grain 


Positive Films [Blue-sensitive) 
Positive release - 16 


Filming in poor light- 
ing conditions and 
particularly in arti- 
ficial light 
All-round filming 

All-round filming in 
good daylight 

Filming in poor light 
and artificial light 
All-round filming 

Filming in good day- 
light, yields specially 
fine-grain and is thus 
ideal for 0 mm. 

Printing films shot on 
negative film 


half, and then again, after turning over, to 
expose the second half. After processing it is 
slit down along the middle and joined end to 
end to produce double the original length. 
8 mm. double run is 16 mm. with twice the 
normal number of perforations. 

8 mm. single run film is available in 30 feet 
chargers to fit certain special cameras. 

Magnetic sound film in all three gauges 
carries a magnetic oxide layer, applied as a 
narrow strip either outside the perforations, 
or in place of the optical sound track on 16 mm. 
film. It may be applied before exposure or after 
processing. L.A.M. 

S ee also : Perforations. 

Book: Photo-Lab-Index, by Henry M. Lester (New 
York). 


CINE HISTORY 


The desire to produce a picture of the world 
around him has occupied man for many 
hundreds of years. Movement has played an 
important part in these attempts. 

The earliest forms of artificially produced 
moving image took the form of shadows cast 
by a fire or lamp on to some sort of screen — 
the Chinese shadow plays are an example. 
With the invention of the magic lantern, a 
further advance was made with the use of 
articulated metal figures and painted trans- 
parencies which could be projected on a screen 
and given a semblance of motion. These slides, 
operated by levers or gears, were currently in 
use throughout the nineteenth century. 

FUNDAMENTAL DEVELOPMENT 

The motion picture is based on the pheno- 
menon of persistence of vision — in which the 
eye retains the image of an object for a fraction 
of a second after the object is removed, an 


effect recognized since the days of Ptolemy. 
In December, 1824, P. M. Roget carried out 
the first experiments showing the principles 
behind this phenomenon. J. A. Paris intro- 
duced a toy — the Thaumatrope — in 1826 
which, by the rapid rotation of a card held 
between two threads, enabled the eye to super- 
impose (by persistence of vision) the images on 
both faces at once — a bird and a cage, a horse 
and rider, and so on. 

Early Animation Experiments. It was J. A. 
Plateau in 1829 who laid down the theory of 
persistence of vision. On the basis of this work, 
he constructed in 1833 the Phenakistiscope — 
consisting of a circular card with a series of 
images drawn on its face, and a number of 
apertures around its circumference; when 
rotated on its axis and viewed through the 
apertures in a mirror, the drawings appeared 
to move. 

Simultaneously, S. R. von Stampfer invented 
a very similar instrument, the Stroboscope, 
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W. G. Horner in 1834 devised a cylindrical 
form, known by him as the Daedateum, 
popularized in later years as the Zoetrope. 
Miniature forms were made by Molteni and 
others for projection with the magic lantern, 
using glass image-bearing discs with rotating 
shutters on the same axis — the shutter rotating 
ten times for every rotation of the picture disc. 

An important modification of this system 
was made by Molteni, and adapted by Beale 
in his Choreutoscope; instead of rotating con- 
tinuously, the picture disc was moved inter- 
mittently by a form of Maltesecross mechanism, 
one picture for each revolution of the shutter; 
the efficiency of the system was thus greatly 
increased. This was the first use of an inter- 
mittent mechanism in the production of moving 
pictures. 

In 1877 Emile Reynaud produced the Praxi- 
noscope, a form of Zoetrope in which a cylin- 
drical band of drawn images was viewed, not 
directly, but as a virtual image in a twelve- 
sided mirror drum in the centre of the cylinder. 
The results were of a very much higher quality 
than those of the conventional Zoetrope. 

Reynaud patented in 1888 a projection 
Praxinoscope in which a transparent, flexible 
band with perforation holes was transported 
by a drum carrying pins engaging in the per- 
forations; this formed the basis for his Thdatre 
Optique which gave public performances from 
1892 until 1900, each film being drawn and 
coloured by Reynaud. 

Photographic Experiments. Although photo- 
graphy had been an accomplished fact since 
the 1830’s, it was not until after the invention 
of the wet collodion plate that instantaneous 
photography became possible. T. H. DuMont 
in 1861 and W. Donisthorpe in 1876 among 
others proposed means of exposing plates in 
rapid succession, the resulting negatives being 
printed for viewing in a Zoetrope. 

Chronophotography — the use of instan- 
taneous photographs taken at regular intervals 
for the study of movement — gave a tremendous 
impetus to the development of the motion 
picture. The first apparatus was made by 
Janssen, and called the astronomical revolver, 
being used to record the transit of Venus across 
the sun in 1874. Eadweard Muybridge, working 
in California, started a series of experiments 
in 1878 using a battery of cameras exposing in 
rapid succession. He thus obtained photo- 
graphs of successive phases of men and animals 
in motion; these results could be viewed in a 
Zoetrope, or projected on a screen by a 
modified form of Praxinoscope. 

E. J. Marey, in France, constructed in 1882 
the photographic gun, taking a circular plate 
on which 12 exposures were made successively 
by a rotating shutter, the plate being moved 
intermittently between exposures by a clock 
mechanism. It was used to take the flight of 
birds and can with justification be described as 
a close forerunner of the cine camera. During 


the same period, A. Londe in France was 
working with a multiple lens apparatus and 
O. Anschutz in Germany used batteries of 
cameras similar to those of Muybridge. 

Basic Improvements. After the introduction of 
celluloid by the brothers Hyatt in 1 869, all was 
ready for the final inventions which were to 
introduce the arrival of cinematography as we 
know it today. L. A. A. Le Prince patented 
in 1888 a multiple lens camera and projector; 
in 1889, W. Friese-Greene and M. Evans 
patented a design for a camera with an inter- 
mittent mechanism using flexible transparent 
film, while in the same year Donisthorpe and 
W. C. Crofts patented a camera and projector 
for film. Marey in 1887 had constructed a 
camera taking paper rolls 9 cm. wide and 2 
metres in length, which he used with some 
success in the study of animal movement. 

Progress was now rapid. Thomas Edison, 
using film 35 mm. wide supplied by George 
Eastman, produced in 1889 his Kinetograph 
camera; the film was perforated with four 
rectangular perforations to each j x 1 in. 
frame. The Kinetoscope for viewing these films 
was produced in 1891, and marketed in 1893; 
it had an immediate success. It was, however, 
only a coin-operated peepshow for individual 
viewing — projection had yet to be satisfactorily 
achieved. 

The turning-point in the history of cinema- 
tography came in 1895: Louis and Auguste 
Lumiire, in the year after the appearance of 
the Kinetoscope in France, produced their 
Cinematographe — a combined camera, printer 
and projector, using for the first time a form of 
claw mechanism to transport the film. This 
apparatus, readily portable and easy to use, 
was used to give public demonstrations at the 
Grand Cafd, Paris, on the 28th December 1 895 ; 
it was subsequently used, with payment for 
admission, for a long period. The age of the 
motion picture had arrived. 

At the same time, quite independently, the 
work of other inventors in several countries 
bore fruit, among them W. Latham, T. Armat 
and C. F. Jenkins in the United States, R. W. 
Paul and Birt Acres in Britain, M. Skladanow- 
sky in Germany and G. Demeny and H. Joly 
in France. Inventions were patented and 
apparatus sold in vast numbers in the few 
years following 1895. In 1899, a contemporary 
writer listed over 50 devices commonly adver- 
tised, ranging from the Anarithmoscope to the 
Zeoptrotrope. 

As the industry grew, standardization became 
more and more essential; in 1909 an inter- 
national conference decided to adopt the 
Edison perforation and film width as standard. 
It has remained so with minor modifications 
until the present day. The Maltese cross 
mechanism, operating intermittently a sprocket 
wheel below the gate, became employed almost 
universally in projector design, while a claw 
mechanism was used in cameras. 
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Detailed Improvements. There has been rela- 
tively little change in the mechanical principles 
of camera and projector design in recent years; 
in details the apparatus has been immensely 
improved, however. An important advance in 
camera design was the introduction of the 
registration pins which, inserted into per- 
forations while the film is being exposed, 
result in a much more steady picture. The first 
British patent to cover the use of this device 
was issued to T. H. Blair in 1 896. 

Proceeding concurrently with the develop- 
ment of cameras and projectors has been the 
invention and elaboration of the ancillary 
apparatus: printers, processing machines, per- 
forators, film stock — all of which, by their 
many improvements, have added to the high 
technical quality of modem film production. 
Sub-Standard Cinematography. The 35 mm. 
film width was adopted as a standard very 
early in the development of cinematography, 
but for reasons of economy or convenience a 
number of film widths narrower than this have 
been employed — principally for amateur use. 
One of the first to use narrow gauge film was 
the British pioneer, Birt Acres, who used in 
his Birtac camera 17-5 mm. film formed by 
splitting standard stock down the middle. 

One of the earliest amateur cine cameras was 
the Biokam, 1899, which used 17-5 mm. stock 
with one perforation between each frame. 
Path6 introduced in 1912 the Pathe-KOK 
projector, hand operated with a built-in 
generator for illumination; this took 28 mm. 
film on a safety base, the films being reduction 
prints from Pathi 35 mm. productions. 

Amateur cinematography can be said to 
have begun, however, in 1923: the Eastman 
Kodak Company produced the first 16 mm. 
reversal safety film, and Victor and Bell 
Howell introduced suitable cameras and pro- 
jectors. In the same year Path6 introduced the 
9-5 mm. gauge, and with 16 mm. and 8 mm., 
these are the principal sub-standard films in 
use today. Colour films are now available in 
all threesizes, and optical sound films in 1 6 mm. 
and 9-5 mm. 

Equipment for the production of stereo- 
scopic and wide-screen films, including ana- 
morphic lens systems, is becoming available 
for 16 mm. use. 

Originally intended for amateur use, 1 6 mm. 
is used to an increasing extent by professional 
film producers for publicity, educational and 
propaganda films, while some films have been 
enlarged to 35 mm. for commercial distribu- 
tion with great success. 


SOUND AND CINEMATOGRAPHY 
Sound has been associated with the motion 
picture from its beginning. Edison’s aim was to 
produce motion pictures to accompany his 
phonograph, patented in 1877; it is claimed 
that the first successful experiment in his 


laboratories was made with a synchronized 
phonograph record. Many early pioneer 
workers included in their patents provision for 
use of phonographs — notably Demeny who, 
with his apparatus, patented in 1892, used to 
photograph and project facial movements as 
an aid to teaching the deaf. 

Various methods for electrically or mechani- 
cally synchronizing phonograph records to 
motion pictures were patented in the years up 
to 1900; at the tum of the century, a number of 
short films of music-hall turns accompanied by 
phonograph records had been made — with 
some success. In 1911, Gaumont produced the 
Chronophone apparatus using synchronized 
discs, amplification of the records being carried 
out mechanically. This system was operated 
with great success for a number of years at the 
enormous Gaumont-Palace cinema in Paris. 
Recording on Film. Eugene-Augustin Lauste 
was the first person to achieve any success 
with sound-on-film recording. A former asso- 
ciate of Edison, from 1900 he became interested 
in the problems of recording sound, and by 
1904 had succeeded in recording sound and 
visual images on the same film. For the years 
preceding the first world war he worked at, 
and patented, many forms of light modulator, 
his success being limited only by the lack of 
means for amplifying the signal obtained 
from his film records. In principle, however, 
his work anticipated modem methods of 
optical sound recording. 

The invention of the triode valve, with the 
electronic amplification subsequently possible, 
gave work on recording sound a fresh impetus. 
The firm Tri-Ergon, formed in Germany in 
1919, produced a system employing a glow 
lamp which converted electrical variations 
from the microphone into brightness variations. 
In spite of an effective demonstration in 1922 
in Berlin, the system was not adopted by any 
company. 

At the same time Lee de Forest in the 
United States was carrying out experiments 
with a modulator lamp of his own design, and 
in collaboration with T. W. Case — who had 
developed a bismuth sulphide photoelectric 
cell — he demonstrated his Phonofilm sound 
system in 1923 at the Rivoli Theatre, New 
York. T. W. Case also devised a modulator 
lamp which he called the Aeo-Light; Fox 
acquired the right to his process in 1926 and 
created the Fox-Movietone system. C. Wente at 
the Bell Telephone Laboratories in 1922 
invented an electromagnetic light valve — this 
became the basis of the variable density system 
exploited by Western Electric, who had also 
created a process using sound on disc known 
as Vitaphone. 

General Adoption of Sound. In spite of these 
advances, no major film producer entered the 
field of sound films; only Warner Brothers in 
1 926 adopted the Vitaphone system for one and 
two reel vaudeville shorts and comedies. 
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In 1927 Fox-Case and Warner Brothers 
began a campaign in favour of the sound film. 
On the 23rd January, 1927, Warner Brothers 
launched The Jazz Singer starring A1 Jolson, 
the first talking, singing feature film — while 
Fox-Case presented, in May 1927, their first 
sound feature Seventh Heaven. 

A year later, R.C.A., with Westinghouse and 
the General Electric Company, announced 
their system of variable area sound recording. 
This was based on the Pallophotophone Sys- 
tem, devised by C. A. Hoxie in 1920 and using 
the methods first demonstrated by Lauste in 
1910. 

Gaumont in France, in conjunction with the 
Danish engineers Petersen and Poulsen, 
adopted the G.P.P. system; this employed a 
separate 35 mm. sound record. They produced 
by this process L'Eau de Nil in 1928. The system 
was soon dropped owing to the difficulty of 
dealing with two filmstrips. 

In Germany, the Tobis-Klangfilm organiza- 
tion was formed. There followed a severe 
battle with Western Electric and R.C.A. over 
Tri-Ergon patents, but the dispute was settled 
amicably in 1 930. 

The variable area and variable density 
methods soon became universally accepted; 
they were applied also to 16 mm., 9-5 mm. and 
to the now obsolete Path6 Rural 17-5 mm. 
substandard films. Improvements in sound 
uality came rapidly, in particular with the 
evelopment by R.C.A. of push-pull variable 
area recording. 

Recent Developments. A major innovation was 
introduced in 1941 with the stereophonic 
system employed for certain versions of Walt 
Disney’s Fantasia. A separate 35 mm. sound 
recording film, run in synchronization with 
the visual record, carried a number of sound 
tracks each designed to operate individual 
loudspeakers in the auditorium. With the 
development of magnetic recording techniques, 
and the introduction of wide screen projection, 
the use of stereophonic magnetic sound tracks 
has now become a common practice. 

The introduction of a system for applying a 
stripe of magnetic recording material to the 
edges of 35 mm. or substandard prints has 
resulted in an improvement in versatility and 
quality of sound recording. In the case of sub- 
standard films in particular, this has made it 
possible to record synchronized commentaries 
and music with less cost and difficulty than in 
the case of optical sound. 

COLOUR FILMS 

The earliest colour motion pictures were 
made by hand-colouring each frame. This 
technique was usually carried out in small 
factories employing a number of girls, each of 
whom applied one colour. The method was 
used, often with great effect, from the earliest 
days of cinematography. 


As the length of films and the number of 
prints increased, this became impractical, and 
Path6 devised a method of applying dyes 
through stencils made from positive prints; up 
to six stencils were used, one stencil for each 
colour required. Each positive stencil was run 
through a printing machine, in register with 
the positive film and the colours were applied 
through the stencil by means of rollers or 
brushes. This method, known as Pathecolour, 
was in use for many years and gave, for most 
subjects, very pleasing results. The idea, al- 
though elegant, was costly for long films, so 
simpler techniques were employed to give a 
coloured image — the principal methods being 
chemical toning and dye tinting, and com- 
binations of the two methods. 

Additive Processes. The above processes were, 
of course, non-photographic, and it was not 
until G. A. Smith, in 1906, filed his patent for a 
two-colour additive process that colour cine- 
matography became a practical commercial 
proposition. Commercialized in 1910 as 
Kinemacolor, the process employed a camera 
taking successive frames through rotating red 
and blue-green filters at 32 frames per second 
(twice the normal speed); a projector with a 
rotating filter disc similar in principle to the 
camera was used for showing the film. The 
results were, for many subjects, very pleasing, 
though they suffered from colour fringing in 
the projected images. 

Subsequently, many processes were marketed 
employing successive or simultaneous admix- 
tures of two or three colours. Examples of the 
more successful additive processes were the 
Keller-Dorian-Berthon lenticular process — 
marketed in 16 mm. by the Eastman Kodak 
Company as Kodacolor from 1928 to 1935 — 
and Dufaycolor — a three-colour mosaic screen 
process introduced in 1934 in 35 mm., 16 mm. 
reversal film, and later as a 35 mm. negative- 
positive process. _ 

Subtractive Processes. The most successful 
colour cine processes have been those based on 
the principle of subtractive colour reproduc- 
tion. Among the earliest examples were Prizma 
Color, devised by Van Doren Kelley in 1919. 
From this system, a two-colour method using 
a double-coated film chemically toned in two 
subtractive colours, was derived a host of later 
processes. 

In 1915 the Technicolor Motion Picture 
Organization was formed, and first produced 
an additive process. Then a two-colour process 
was devised using a beam-splitter camera and 
dyed relief positives, cemented back to back; 
this system was operated from 1922 to 1928, 
when the process was then changed to two- 
colour imbibition printing. In 1933 the first 
three-colour Technicolor film, Walt Disney’s 
Flowers and Trees , was produced, and in 1935 
the first Technicolor feature film, Becky Sharp, 
was made. The process has since then main- 
tained immense popularity. 
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1935 saw the introduction of the first success- 
ful three-colour monopack reversal colour 
process — Kodachrome — in 16 mm. and 8 mm. 
gauges. Other monopack reversal processes 
have also appeared since then. As a result of 
research during and after the war a number of 
monopack negative-positive colour processes 
are now in current use. 

The introduction of monopack colour pro- 
cesses has resulted in a tremendous increase in 
the number of films in colour; in 1954, 70 per 
cent of all fiction film production in the United 
States and Great Britain was in colour. 

SPECIAL TECHNIQUES 

Although the fundamental pattern of cine- 
matography has developed along straight- 
forward lines, numerous ideas have been 
evolved to produce special effects or techniques 
as a departure from normal methods. Some of 
these ideas are as old as cinematography itself; 
others have been very short-lived. 

The Animated Film. The origins of the animated 
film can be found in the attempts to make sil- 
houettes and painted figures move in the lever 
and gear slides of the early magic lantern; also 
in the series of figures drawn for animation by 
the Phenakistiscope, Zoetrope and Praxino- 
scope. Emile Reynaud in the 1880’s painted 
many hundreds of images, beautifully executed, 
on the strips of film used in his Thdatre Optique. 
The animated films produced by him before 
the introduction of cinematography were even 
accompanied by specially written music and 
synchronized sound effects. 

The first successful cartoon films were made 
by Emil Cohl, working with the Gaumont 
Company in 1907; other pioneers at this time 
were J. Stuart-Blackton and Windsor McCay in 
the United States. An important step forward 
was made with J. R. Bray’s 1914 American 
patent for the use of transparent sheets enabling 
figures to be easily animated on a static back- 
ground. Earl Hurd, in 1915, also patented the 
uses of “cells” for animation, describing the 
methods which have become standard for 
cartoon making. Bray’s elaboration of Hurd’s 
patents led to the formation of the Bray-Hurd 
Company in 1917. In this same year Max 
Fleischer, the creator of “Popeye”, made his 
first cartoons for Paramount, and “Felix” the 
forerunner of many cartoon cats, was con- 
ceived by Pat Sullivan. Walt Disney made his 
first cartoon, Laugh-O-Grams , in 1921; the 
first Silly Symphony was made in 1929, fol- 
lowed by his first colour cartoon in 1932. 

Other forms of animated films have been the 
silhouette films of Lotte Reiniger, the puppet 
films of George Pal, Ptushko and Starevich, 
and the abstract films of Len Lye and Norman 
McLaren. McLaren, working with the National 
Film Board of Canada, made many films by 
drawing directly on to the 35 mm. film strip 
with dyes and inks; he also carried out experi- 
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ments in the hand-drawing of sound tracks, and 
in three-dimensional abstract cartoons. 

The enormous production expenses of 
cartoon making curtails the serious use of the 
animated film; production is confined mainly 
to comedy shorts or sponsored cartoons. 

Wide Filins and Wide Screens. Among the 
earliest cine apparatus was the 1896 Chrono- 
photographe apparatus of Georges Demeny. 
The width of film employed in this camera was 
60 mm, with an image 35 x 45 mm. — four 
times that of the 35 mm. film. This wide film, 
although uneconomical, was capable of giving 
very large pictures of high quality, and was 
the first of a series of apparatus intended for 
wide screen projection. Louis Lumidre devised 
for an exhibition in 1900 a 75 mm. camera and 
projector showing pictures 65 feet wide to an 
audience of 25,000. R. Grimoin Samson 
patented in 1897 his Cineorama apparatus, 
which by means of 10 projectors would pro- 
ject a panoramic picture covering 360° on the 
wall of a round building. This apparatus, never 
used because of insufficient cooling of the small 
projection room containing ten 40 amp arc 
lamps, was the forerunner of a number of 
panoramic projection processes. 

The first satisfactory method was devised 
by Abel Gance in 1927. This system employed 
three projectors, running from the same motor, 
which projected on to a screen of triple width 
either a triptych of three different pictures or 
one large panoramic scene taken with three 
cameras suitably arranged. Gance made a film, 
Bonaparte, using this system; it had some 
success, but it was not followed by further pro- 
ductions. 

An attempt was made by Paramount and Fox 
in 1930 to introduce films 56 mm. and 70 mm. in 
width; also in the same year projection lenses 
of variable focal length were proposed to allow 
certain passages of films to be shown on a wide 
screen. 

Little further was done in this field until after 
the second World War, when a system was 
introduced employing triple cameras and pro- 
jectors, giving a picture of great width and 
height and occupying most of the field of view 
of the observer. Great cost of installation 
allows its adoption in only very few cinemas 
and numerous other wide screen processes 
have been developed f or more general showing. 

These systems use anamorphic lenses which 
cause lateral compression of the image on the 
negative, with subsequent expansion of the 
projected print to give a wider picture of 
normal height. Invented by Henri Chretien 
in 1927, the first commercial demonstrations 
were given in Paris at the International 
Exhibition of 1 937, on a screen 33 x 297 feet. 
Two anamorphic projectors were used, syn- 
chronously driven, to project two pictures 
side by sida — a sawtooth device being used to 
mask the junction of the two pictures. The 
anamorphic system was adopted by most of the 
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major American film companies in 1953, using 
a picture aspect ratio of 1 : 2-55, as opposed to 
the old standard of 1 : 1 -33. 

A recent alternative to the anamorphic 
systems employs short focal length projection 
lenses to give a much larger picture which is 
masked in the projector gate to give an aspect 
ratio of up to 1 : 2. 

To avoid losses in picture quality, another 
recent process employs cameras taking negative 
images 24 x 36 mm. disposed longitudinally 
along the film, which runs through the camera 
horizontally instead of vertically. These 
negatives are projected likewise or reduction 
printed to conventional formats which can be 
masked to various aspect ratios. Better defini- 
tion is thus achieved. 

Stereoscopic Films. As in the case of colour 
and sound, the problem of presenting motion 
pictures in relief has occupied inventors from 
the earliest days of cinematography. 

In principle, most processes of stereo cine- 
matography have made use of a pair of stereo- 
scopic images obtained either by a twins lens 
camera, two cameras, or a single lens camera 
with suitable beam-splitting devices. These 
stereo images must be viewed by methods 
which allow each eye to see only the appro- 
priate image of each pair. 

The earliest projection system, the anaglyph, 
was proposed by A. d’Almeida in 1858 and first 
demonstrated for motion pictures by C. Gri- 
volas in 1897. It employed a pair of stereo 
images of complementary colours obtained by 
dyeing or projection through filters. The 
coloured projected images, usually red and 
blue-green, were viewed by filters of the appro- 
priate colours usually mounted in the form of 
spectacles. Processes based on this system were 
in use in 1925 and 1935; they were introduced 
once more in 1950 but were quickly superseded 
by methods involving polarized light, as the 
anaglyph method is unsuitable for colour films. 

Although many attempts had been made to 
employ polarizing materials in stereo projec- 
tion, it was not until 1932 — when a cheap form 
of polarizer was introduced — that it became 
commercially practicable. 

The first public exhibition of stereoscopic 
motion pictures by polarized light methods 
took place at the New York World’s Fair in 
1 939. The TeleKinema at the Festival of Britain 
in 1951 demonstrated colour stereoscopic 
pictures with stereophonic sound ; in the follow- 
ing year production began in Hollywood on a 
number of stereoscopic feature films. 

The polarizing system enjoyed a brief period 
of popularity ; the difficulties of synchronization 
and registration of both images, the necessity 
to use two projectors simultaneously, as well 
as the need for the spectator to wear analysing 
spectacles, led to its abandonment in favour 
of the widescreen techniques. 

It is interesting to note a British patent was 
issued to G. R. Wilson in February 1898 in 


which the principles of stereo cinematography 
by both the anaglyph and polarizing methods 
were outlined; apparatus was described, 
similar in principle to that of recent years, 
involving the use of synchronized cameras and 
projectors. 

Another method, known as the parallax 
stereogram, has also been used for viewing 
stereoscopic motion pictures. The system relies 
on a screen consisting of a large number of 
vertical elements — wires, slats or embossed 
lenticles — in the form of a grid, by means of 
which each eye sees only the image appropriate 
to it. This method obviates the need for indi- 
vidual analysing viewers. The process, origi- 
nally suggested by A. Berthier in 1896 and later 
developed by E. Estanave and F. E. and H. E. 
Ives, was used as the basis for a workable 
system by the Russian S. Ivanov in 1941. 

Another version of this system was demon- 
strated by A. Matley of Paris in 1949; called 
the Cyclostereoscope, stereo pairs are pro- 
jected on a screen, round which revolves a grid 
in the form of a truncated cone: as the grid is 
rotating rapidly, no vertical line structure is 
visible. 

In recent years, methods for the production 
of stereo pairs on one film instead of the cus- 
tomary two have been devised. Applied to 16 
mm. as well as 35 mm. films, these processes 
usually employ some form of beam-splitting 
device to produce a pair of stereo images side 
by side within a standard frame area. 

Another development has been the produc- 
tion of stereoscopic projection prints employ- 
ing Vectograph film. In this, two self-polarized 
images are actually combined on the one film 
by printing methods analogous to those of 
Technicolor printing. 

The production of stereoscopic entertain- 
ment films has, for the time being, ceased, 
owing principally to the difficulties of presenta- 
tion. When these problems have been resolved, 
we are likely to see further exploitation of the 
stereoscopic motion picture. 

Recent Trends. In recent years, following the 
development of television, falling cinema 
audience numbers and increased costs caused 
a big reduction in the number of cinemas and 
film production companies especially in the 
United States. Faced with this competition, 
the film industry responded with an attempt to 
recapture lost audiences with spectacular 
entertainment — colour, “three-dimensional” 

pictures, stereophonic sound and wide screens 
of various kinds. 

For better or worse, the wide screen seems 
to have come to stay; in the year preceding 
June 1955, 37 per cent of all American feature 
films released in Great Britain were in ana- 
morphic wide screen processes, and the propor- 
tion is increasing rapidly. The introduction of 
wider films and new wide screen processes is 
likely in the future of the commercial cinema, 
together with other associated advances. 
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Colour, given a tremendous boost by the 
introduction since 1950 of monopack colour 
processes, has become almost universal for 
feature films. From July 1954 to June 1955, 
76 per cent of American features released in 
Great Britain were in colour, compared with 
24 per cent over the same period 1949-50; 
the proportions, it can be confidently pre- 
dicted, will soon reach almost 100 per cent. 


The 16 mm. camera is being increasingly 
used, and this gauge especially is providing 
many non-theatrical uses for motion pictures — 
particularly in science, industry and education. 
It is probable that this gauge will be developed, 
technically, considerably more in the not too 
distant future. B.W.C. 

See also : Chronophotography; Museums and collections. 

Book: Film and the Public, by R. Manvell (London). 


CINE LABORATORIES. Numerous firms 
specialize in the processing of cine film, operat- 
ing a similar service to the popular D. & P. 
service in still photography. 

Although some of these laboratories under- 
take reversal processing, this is normally done 
by the film manufacturers and is covered in the 
price paid for the film. Most laboratories deal 
only in negative processing and positive print- 
ing; a few specialize in colour processing and 
printing. 

Laboratories seldom handle all gauges of cine 
film, most of them accepting only 35 mm. or 
16 mm. film. The processing of other gauges is 
invariably catered for by the manufacturers of 
the film. 

In addition to normal processing and print- 
ing, many laboratories can provide optical 
effects (e.g., dissolves, fades) if recuired. With 
some firms, this service extends to providing 
35 mm. reduction prints to 16 mm. and other 
similar facilities. 

See also: Cine film processing; Wholesale photo finishing. 

CINEMA STILLS. Still photographs repre- 
senting scenes or actors from cine films. These 
photographs, which are taken for display out- 
side theatres and for press publicity, play a 
vital part in the economics of film business as a 
means of creating public interest. A film is an 
expensive product which has to be sold inten- 
sively, and photographs are the basis of the 
selling campaign. 

The still can also assist directly in keeping 
down production costs, for many firms will 
lend expensive goods to studios in return for 
a still which can be used in their own advertis- 
ing. For example, a manufacturer might lend 
a luxury model car free in return for a still 
of a star posing with the car. Stills also have 
a more permanent value as the guide of the 
film historian and the inspiration of serious 
students. 

Stills are not enlargements from films. The 
motion picture camera is constructed to inter- 
pret motion on the screen, but its shutter speed 
is not fast enough to arrest motion. Examina- 
tion of a long strip of cine film will show that 
only a few of the pictures have a sharp image. 
The sharp frames cannot be predetermined, 
and may tum out to be the least striking single 
pictures. So, after shooting the scene, the stills 
are taken separately to provide sharp photo- 


graphs of well-composed dramatic incidents 
suitable f or reproduction in the press. 

Choosing the Shot. The art of the still camera- 
man lies in selecting the most telling moments 
in the film story. Because he has to concen- 
trate on this problem, he uses simple standard 
equipment and employs an automatic technique. 
The usual camera is an 8 x 10 ins. model with 
swing back and front movements, which takes 
a negative the same size as the standard still 
print. The negative can therefore be easily 
retouched and used for bulk printing by contact. 
Quality and speed are all-important in turning 
out the large quantities of stills required. If the 
still man used a miniature, he could snap 
during the cine take and arrest action and save 
time; but there would be no guarantee that the 
action would be stopped at the right moment. 
Ar, instant after the heroine is looking be- 
witching, she may speak a word which changes 
her expression disastrously. 

The standard technique is modified for 
violent-action stills — fights, motor smashes, 
etc. — when dramatic impact is not spoilt if the 
moment caught is awkward. In this case the 
still man may shoot with a press-type camera 
during the actual scene. Outdoor shots, too, 
are generally action pictures — horsemen riding 
across moors, yachts racing, etc. — and the 
still man can make considerable use of his press 
camera on location. 

Stills of an exceptional nature, that are not 
wanted for bulk printing, are taken with a 
smaller camera for the advantage of shorter 
exposures and increased depth of field. An 
example is the kind of publicity picture taken 
to show what goes on behind the scenes, which 
appeals to a limited number of editors. 

Lenses. With the standard camera it is custo- 
mary to use a lens of 12 ins. focal length, 
as the majority of film stills are medium 
close-ups. A long shot will not as a rule give 
the drama, the expression on the actors* 
faces, or the point of a joke. Long-shot stills 
are only taken to draw attention to lavish 
spectacles covering a lot of ground. 

Lighting in the studio is controlled by the 
cine cameraman; but if he is working in low 
key, the still man, with his slower lens, may 
require additional light — e.g., he may want an 
extra flood wheeled to the side of his camera or 
ask for the diffusers to be removed from lamps. 
He never likes to increase exposure beyond 
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1 / 5 second or the actors might move. But with 
lighting dictated by someone else, there is not 
much chance for him to express his individual 
talent. His opportunity lies in being able to 
regroup the actors to give the essence of the 
situation with emphasis but not exaggeration. 

Glamour stills of the stars are deemed so im- 
portant (for the press and for sending to fans) 
that the still man is given his own studio in 
which he can pose, light and take close-ups. 
Hare, where mobility no longer matters, he 
may use a lens of 20 ins. focal length to ensure 
that the sitter’s features are portrayed without 
distortion. The studio is also used for taking 
fashion stills of the stars’ dresses for press 
publicity. 

Uses for Stills. Apart from his importance in 
film business, the still cameraman also has 
some part in film creation. He may take: 
research stills — e.g., of a costume in a museum 


for the wardrobe department to copy; location- 
finding stills to illustrate the photographic 
possibilities of a district; set stills — i.e., 
record photographs for use in case sets have 
to be rebuilt for retakes and continuity stills 
to record the make-up of an actor so that 
continuity of appearance can be maintained 
in scenes shot at a later date. 

Other types of picture that the still photo- 
grapher may be asked to take include the title 
still, a picture double-exposed behind the 
credit titles to give them pictorial appeal; the 
set-dressing still — e.g., a photograph of the 
star of the film to hang on the wall of a set; an 
insert still, which may be a photograph of an 
actor as a wanted criminal printed in a fake 
newspaper for a story point; or a location 
background still — a landscape turned into a 
lantern slide and projected on a translucent 
matt screen as a background in the studio. O.B 
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Cinematography creates the illusion of 
movement by presenting to the eye a rapid 
succession of motionless pictures. The illu- 
sion depends on a characteristic of the human 
eye called persistence of vision: when the eye 
is looking at an object which suddenly dis- 
appears, persistence of vision causes the image 
to linger in the brain for a fraction of a second 
after the object has gone. To make use of this 
phenomenon in the showing of a succession of 
still pictures, each view in the series must 
appear before the effect of the previous one 
has died away: the brain is then unable to 
distinguish the gaps between the separate 
pictures and an apparently continuous view is 
seen. If the pictures are progressive and occur 
at least 16 times per second the series is inter- 
preted as a single picture embodying motion. 

But, although persistence of vision causes 
each image to remain upon the retina for a 
short time after the stimulus is removed, decay 
is so rapid that at 16 pictures per second the 
brain would be conscious of flicker. 



To obtain the impression of an evenly lit 
continuous picture each projected stationary 
image is further interrupted by means of a 
shutter so that the retina receives at least 48 
separate impressions per second, replacement 
occurring more rapidly than the period of 
decay. 

PRINCIPLES 

Cinematography includes both the making 
of the pictures and their projection on to a 
screen. The pictures are taken by a camera 
equipped to expose a succession of individual 
pictures or frames on a long strip of flexible 
film coated with a light-sensitive emulsion. By 
suitable photographic treatment the film is 
made to yield a corresponding succession of 
positive images which, by means of a projector, 
are thrown in rapid sequence on to a viewing 
screen. 

Mechanics. There are several points of similar- 
ity between the camera and the projector. Both 



CINE CAMERA AND PROJECTOR. Left: Cine camera with a continuous strip of film being pulled past the lens at an inter- 
mittent rate by a suitable mechanism engaging the perforation holes of the film. A shutter covers the lens while the film is actually 
in motion. Rif he: Projector, using the same intermittent movement principle on the processed film. 


168 



C7/V 


are equipped with mechanism that will move 
the strip of film in jumps of one frame at a 
time, allowing each frame to remain stationary 
in the gate behind the lens during the period 
of exposure or projection and then moving it 
rapidly into the next position. In both, the lens 
is covered by a rotating or reciprocating 
shutter during the fraction of a second that the 
film is being moved. 

The film transport methods have much in 
common. Above the gate the unused film is 
stored on a spool or on a rotating centre or 
core from where it is unrolled smoothly at a 
steady speed and fed to the gate. There the 
required intermittent movements are imparted 
to the film by a mechanical device close to the 
gate. The basic difference between the inter- 
mittent mechanism of camera and projector 
is that in the camera it must be light and 
balanced to prevent vibration, while in the 
projector it needs to be robust to withstand 
heavy duty use. Below the gate the film is 
taken away and wound smoothly on to a spool 
or core on which it is stored. 

Except in the simplest equipment the film is 
fed to and from the gate by sprocket wheels. To 
prevent damage to the film when it changes 
from smooth progression over the sprockets to 
intermittent movement through the gate a 
loop of film is left above and below the gate. 
Films. To enable the rolls of film to be fed 
efficiently through camera and projector the 
manufacturers punch specially shaped holes in 
the film, to come beside or between the pic- 
tures, and these perforations engage with the 
film transport mechanisms. Any errors in the 
dimensions or positioning of these holes 
would prevent satisfactory registration and 
make the projected picture unsteady, so the 
perforations are made to high standards of 
accuracy and arranged according to the speci- 
fications laid down for the size of film. 

Excluding certain non-standard gauges used 
for special purposes (e.g. 70 mm. film used for 
recording) cinematograph films are made in 
four gauges. 

35 mm. (roughly 1 1 ins.) is the professional 
gauge as used in the cinema and is known as the 
standard size. It is perforated along each edge 
in both silent and sound versions. Film intended 
for certain wide screen processes differs in some 
respects. 

1 6 mm. (roughly f in.), the widest of the so- 
called narrow gauge films, has one perforation 
each side per frame for silent use. The sound 
version is different because the sound track 
makes use of the space that would be occupied 
by one row of perforations. 

9-5 mm. (roughly | in.) is perforated in the 
centre between the frames, so there is only one 
per frame. Both sound and silent types are the 
same, the sound track being recorded down one 
edge of the normal film. 

8 mm. (roughly in.) is available for making 
silent films only. This gauge is really 1 6 mm. 



CAMERA SPEED. A given movement is recorded on different 
lengths of film, according to the speed of the film passing 
through the camera. The film lengths shown correspond to i 
second shooting time: A, fast motion of 8 f.p.s .; B, standard 
silent speed at 16 f.p.s.] C, standard sound speed at 24 f.p.s.; 
D, medium slow motion at 32 f.p.s. 

width film with double the number of per- 
forations and split into two widths of 8 mm. so 
that the perforations are along one edge only. 
It is supplied in two forms: double- and single- 
run. The double-run is 1 6 mm. wide and is run 
through the camera twice, half the width being 
exposed on each run; it is then split when 
processed. 

Narrow gauge black-and-white films are 
mostly of the reversal type — yielding a direct 
positive in processing. 35 mm. material is of 
the negative type, and positive prints have 
to be made from the original negative. Colour 
cine films nowadays use the subtractive system 
and are commonly available as integral tripack 
emulsions. 

Picture Frequencies. Projection speeds have 
been standardized at 16 frames per second for 
silent films and 24 frames per second for sound 
films. It is a fundamental rule that the camera 
must run at the same speed as the projector if 
action on the screen is to take place at the 
same speed as it was performed. 

However, camera speeds can be varied, and 
if the camera runs more slowly than the stan- 
dard speed the action is recorded on a shorter 
length of film than normal — it takes less time 
to go through the projector and events on the 
screen happen that much faster. 

Running the film more quickly through the 
camera spreads the action out over a longer 
strip of film and this will take longer to go 
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through the projector, thus stretching the 
action and providing slow motion. The slow 
motion effect is of great value in the analysis of 
rapid movement, and in some cases a frequency 
of several thousand pictures a second is used. 

At the other end of the scale, the speeding 
up of slow movements makes possible the 
production of fascinating films recording such 
subjects as the growth of plants and crystals. 
For such subjects the taking rate may be 
slowed down so that, instead of a few frames 
per second being exposed, only one per hour 
or more is taken; for recording astronomical 
changes, exposures are as few as one frame 
every twenty-four hours. 

It is also possible to make inanimate objects 
appear to move by exposing individual frames 
and modifying the subject between exposures — 
thus a knife and fork can be made to dance a 
jig. This technique of animation extends to the 
making of cartoons where the subject is a 
long series of drawings, each drawing being 
slightly different from the preceding one. 

The Sound Record. When characters on the 
screen speak it is essential that the picture and 
sound remain in synchronism. This means that 
the sound record must be carried on the posi- 
tive film. But if the sound consists merely of a 
commentary, such close synchronism is not 
necessary. This distinction is important when 
considering methods of recording and repro- 
ducing sound. 

The sound may be recorded on a track along 
the edge of the picture film; but far more often 
it is first recorded on a separate strip of 
material — either film or tape — which is 
mechanically synchronized to the picture. The 
separate sound record may be then later com- 
bined on to a final film with the picture. 

Two methods of recording the sound are in 
common use: photographic (or optical) and 
magnetic. Today the photographic method is 
becoming increasingly superseded by mag- 
netic recording because of the relative sim- 
plicity and cheapness of the latter. The magnetic 
method is simple because a recording can be 
played back immediately for checking and can 
be erased if unsatisfactory; it is cheap because 
the record can be erased and the material re- 
used. Photographic sound recording needs 
expensive equipment and is costly in use. 

CAMERAS 

There are many different designs of cine 
camera. Modern instruments are fitted with 
refinements aimed to make their use easier, 
foolproof or more versatile, but the basic 
mechanics are common to them all. There is a 
lens, a shutter, a gate and an intermittent 
movement. 

Lenses. The main difference between a still 
camera lens and a normal cine camera lens is 
that the latter has a shorter focal length because 
of the smaller picture size. This gives it an 
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advantage over the still camera — a much 
greater depth of field. A fixed focus lens with 
a maximum aperture as large as /3-5 is 
therefore a very practical proposition with 
narrow gauge cine cameras. However, for 
serious work greater freedom is needed and, 
because the distance between camera and sub- 
jects will vary from a matter of inches to infinity, 
the lens is made to focus by means of an adjust- 
able mount in which the lens moves bodily 
away from and towards the film in the gate. 

An adjustable iris diaphragm is fitted that 
can be opened or closed to control the amount 
of light that reaches the film. As long as the 
camera operates at a constant speed the normal 
method of varying exposure is to set the dia- 
phragm to a different size. If the speed of the 
camera is altered, then the shutter moves 
correspondingly faster or slower, the exposure 
time is less or greater and the lens aperture 
must be varied to compensate for the change. 

A number of current amateur cine cameras 
incorporate coupled exposure meters which set 
the correct lens aperture automatically or semi- 
automatically according to the light reaching 
the meter cell. 

Few cine cameras are restricted to having 
only one lens. With many cameras, lenses of 
various focal lengths are available so that the 
cameraman may choose the one that best 
suits the circumstances of his shot: a wide- 
angle lens will be useful in cramped surround- 
ings and a long-focus lens can secure a close 
view of distant action. The lens mounts are 
designed to make the range of lenses quickly 
interchangeable — in the less ambitious cameras 
by screw-in mounts where each lens must be 
unscrewed before the next can replace it; and in 
the more expensive equipment by an arrange- 
ment called a lens turret — a rotating fitment 
that usually holds two or three screw-in lenses, 
of which any one can be swung precisely into 
position with a minimum of delay. 

Where the lens is fixed, afocal attachments 
can sometimes be fitted to convert the standard 
lens into a wide-angle or telephoto one. 

More complex is the zoom lens, which has a 
variable focal length. When it is adjusted during 
fi lmingit alters the image size — so that a tracking 
shot (where the camera actually moves) can be 
imitated without any change in perspective. 
Zoom lenses also exist as afocal attachments 
to fit in front of the standard camera lens. 

The Shutter. The shutter serves two purposes: 
it shuts off light from the gate aperture while 
the sensitive film is being pulled down ready 
for the next frame to be exposed; and it 
controls the period of exposure. The exposure 
period is not only dependent on camera speed 
as mentioned earlier; it is also controlled by the 
angle of the shutter opening, which is normally 
about 180° — that is, it exposes the film for 
about half the cycle of its operations. 

Usually the angle of the shutter is fixed, but 
there are variable shutters which have a simple 
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A PRECISION NARROW-GAUGE CINE CAMERA. Top left: Side view. Top right: General view against I in. square grid. 
Bottom left: Front view. Bottom right: Interior with film path and transport items. 

The main components and controls of the camera are: A, frame counter (rarely found in amateur cameras). B, motor 
clutch. C, crank shaft ( for forward or reverse running by hand cranking). D, footage counter. E, time lever for instantaneous 
or time exposures when shooting single frames. F, speed control. G, folding motor winding handle. H release control 
for continuous running or single shots. I, release button. J, through-the-lens focusing finder. K, motor shaft L, turret 
handle. M, lens turret. N, adjustable multi-focus viewfinder. O, lens (these are mounted on the rotating turret). P, feed 
spool. Q, loop formers. R, sprockets. S, film. T. audible footage indicator control. U, footage indicator reset. V, 
film gate with pressure pad. W, take-up spool (driven by the camera motor through suitable gearing). X, film knife. 
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FILM TRANSPORT AiSD SHUTTER. Top left: Frame A h gate, 
shutter open. Top right: Claw engages film perforation as 
shutter closes. Bottom left: Shutter covers gate as claw pulls 
down film. Bottom right: Shutter uncovers film with frame B 
in gate as claw withdraws from perforation. 

internal adjustment which allows the camera- 
man to stop the camera and set the opening to 
give a different exposure. The finest arrange- 
ment is the one that enables the shutter open- 
ing to be varied from outside the camera 
while filming is in progress. The range of 
movement is then from fully open (about 180°) 
to fully closed — a refinement useful for certain 
trick effects. 

The Film Gate. The gate is the position in the 
camera where the film is held during the expo- 
sure period. It is constructed in two parts, one 
fixed and the other (the pressure plate) free to 
move aside to allow the film to be loaded and 
held between the two parts in the correct focal 
plane. 

The pressure plate is spring-loaded and the 
film rides through the gate channel on raised 
edges which hold the picture area of the film 
out of contact with the gate and prevent the 
film surface from being scratched. Gates of the 
best designs open very wide or are removable 
from the camera to allow easy cleaning. The 
fixed part of the gate has an aperture in it to 
suit the size and shape of the picture, but with 
most cameras an aperture in the pressure plate 
is not considered necessary unless required for 
through-the-lens focusing. 

In the camera, the film is always run through 
with its sensitive emulsion (dull) surface facing 
the lens and the subject. The only exceptions 
have been some types of colour films. 


Intermittent Feed. The film is pulled down 
through the gate by means of a metal pin or 
claw that works as near the aperture as possible. 
There are various devices for driving the claw 
to save wear on the film. Ideally the movement 
of the claw should describe a narrow vertical 
rectangle: a stroke to pull down the film, a 
horizontal movement to withdraw from the 
sprocket holes in the film, an upstroke to 
return the claw to the top and a horizontal 
movement to engage in the sprocket holes 
again. In some 35 mm. cameras the film itself 
is lifted away from the gate to reduce friction 
as it slides down into the next position; a 
registration pin holds the film accurately in 
place when the claw withdraws at the end of its 
stroke. 

When cameras are intended for high speed 
work, the design of the intermittent mechanism 
becomes much more critical because vibration 
must be avoided from the rapidly oscillating 
parts. For speeds up to ten times normal (240 
f.p.s.) the intermittently fed film is generally 
preferred because of the superior photographic 
results. But there is in any case a limit to the 
speeds attainable, governed by film strength. 

Cameras running at higher speeds than 240 
f.p.s. dispense with the intermittent motion 
and make use of a system of optical compen- 
sation to keep the image still in relation to the 
film; in effect, the film runs continuously and 
the image is caused to follow its movement at 
precisely the same speed. This principle is also 
used in some forms of viewer for editing. 

For still higher speeds, systems have been 
devised of which many do not produce on the 
film separate images that can be projected but 
simply record data to be studied. Such systems 
are capable of an equivalent rate of exposure 
as high as 10 million f.p.s. 

Spools and Magazines. The upper or feed spool 
in thecamera isfree to rotate on its own spindle. 
Sometimes a weak brake is included to prevent 
the spool over-running when the mechanism is 
stopped. The take-up spool is driven through a 
clutch, belt or other form of drive that allows 
some slip to compensate for the changing dia- 
meter of the coil of film as it builds up on the 
spool. Some cameras will also run in reverse 
and they then automatically apply the same 
type of slipping take-up drive to what is 
normally the feed spool. 

The majority of narrow gauge cameras and 
some 35 mm. newsreel cameras use daylight 
loading spools. The daylight spool is made of 
heavy gauge metal with accurate cheeks that 
fit snugly to the sides of the circular coil of 
film. The film itself has several feet of per- 
forated protective leader at beginning and end; 
these wrap around the outside of the coil and 
protect it from light both before and after 
exposure. The light-tightness relies entirely on 
this arrangement, so the spool must be pro- 
tected from light as much as possible when it 
is not in the camera. Once the film has started 
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to run, the camera must not be opened until 
the entire length has been exposed — otherwise 
several feet of the film will be fogged in both 
feed and take-up spools. 

Alternatively, cameras sometimes incor- 
porate some form of film magazine into which 
the roll of film is loaded before the magazine is 
attached to the camera. This applies especially 
to 35 mm. equipment. The advantage of 
magazines is that they can be removed from the 
camera without the wasteful fogging associated 
with spools : some of them avoid fogging even 
one frame. Most 35 mm. magazines are 
mounted externally on the camera, some driven 
by a belt and others by gears. At least one 16 
mm. camera has an external magazine driven 
by a dog clutch but in practically all other 
narrow gauge cameras that have chargers, 
cassettes or magazines, they fit inside and are 
driven by a form of positive clutch. 

Some magazines can be inserted into the 
camera without the need for threading at all: 
the front of the magazine is designed as if it 
were the back half of the gate: the claw is 
then ready to engage with the film without any 
further adjustment, or it may be that the inter- 
mittent mechanism is actually inside the 
magazine itself instead of in the camera. This 
makes for rapid exchange of films in loading 
Spool-loaded cameras may have a self-thread- 
ing arrangement which does everything except 
attach the front leader to the take-up spool. 
Scope of Apparatus. The more advanced types 
of narrow-gauge cine cameras tend to be 
more complex than those for 35 mm. film, using 
devices such as reverse wind, variable shutters, 
and so on. This is because the narrow-gauge 
user is at a disadvantage compared with the 
professional where special effects are con- 
cerned. The 35 mm. laboratories can provide 
all the special effects or tricks that the pro- 
fessional wants — they are made by optical 
printing methods, for which reason the results 
are known in the profession as opticals. Such 
facilities are not available to most non-standard 
users so the only alternative for those film 
makers is to obtain their effects in the camera. 
That is why the various refinements — needed 
on the camera to make the effects possible or 
easier — tend to be incorporated by the manu- 
facturers. 

Camera Drive. The cameras used in motion 
picture studios — and often those used for 
making newsreels — are driven by constant 
speed electric motors and synchronized with 
the sound camera which records the sound 
track separately. Cameras used for location 
work are generally driven by “wild” motors 
powered from mobile batteries. Some are 
driven by clockwork. The speed of these 
cameras is not controlled as accurately as that 
of the studio cameras. 

The majority of narrow gauge film cameras 
are driven by governor-controlled clockwork 
motors. The best ones have an instant start: 


that is, they do not over-expose the first frame 
or two of a scene owing to the motor not speed- 
ing up in time. And they have a device for 
stopping the camera automatically before the 
clockwork motor has run down too far for it 
to do its job properly. The governor is variable 
by an external control and the range of 
speeds obtainable is usually from 8 f.p.s. to 
64 f.p.s. The camera may be fitted with coupled 
speed-and-lens-aperture so that during the 
filming of a scene the speed of the action can 
be changed, for a trick effect, while the expo- 
sure is automatically compensated and remains 
correct. 

A further control may permit the exposure of 
single frames — an essential for much of the 
trickwork that will be undertaken. A continu- 
ous running release is also useful so that the 
cameraman may leave his camera and appear 
in the scenes he films; and if the release button 
has provision for the fitting of a cable release 
the cameraman can control his camera from a 
distance. A back-wind handle is a necessity 
for ease of rewinding film for double exposure 
— it saves the winding back having to be done 
in a darkroom or other inconvenient spot. For 
the most accurate results the rewinding needs 
to be done in conjunction with a good film 
measuring device. 

Footage Counter. All cameras have some means 
of indicating how much film has been exposed. 



WAY'S OF LOADING FILM. Top: Spools The film is threaded 
through the comero mechanism and runs from one spool to the 
other. Bottom left: 9 5 mm. or single 8 mm charger. The 
whole film is inside a light-tight container. Bottom right: 
16 mm. magazine incorporating transport mechanism. This 
couples with the camera motor on insertion into the camera. 
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THROUGH-THE-LENS FOCUSING FINDERS. Left: Prism system 
for focusing film in gate from behind. Right: Reflecting shutter 
which intermittently deflects the beam into the finder. 

Some of the dials work in jumps of so many 
feet, but the better ones move smoothly and 
may allow an estimate to the nearest 3 ins. of 
film, which is good enough for most purposes. 
An additional dial that is needed for the most 
accurate work is a frame counter by means of 
which any frame on the film in the camera can 
be found. 

Some of the footage counters are self- 
setting to zero when the camera is loaded. A 
further convenient arrangement is one whereby 
the footage counter is visible in the viewfinder 
and can be watched during filming. 
Viewfinders. When a camera has several lenses 
the viewfinder must indicate the field of view 
for each lens. The simplest means is the scribing 
of different size rectangles on the front glass of 
the viewfinder. More advanced types have 
masks inside them adjustable from outside; 
they give a more reliable result. Some lens 
turrets carry a separate front element to go 
with each lens in the turret so that swinging 
the chosen camera lens into position automa- 
tically locates the correct matching lens in the 
viewfinder. 

A further adjustment that is desirable is a 
parallax correction to cover all the distances 
to which the camera lens will focus — usually 
from 2 feet to infinity. This is most easily done 
by moving the back sight of the viewfinder along 
a graduated scale. 

Expensive cameras may also incorporate a 
coupled rangefinder for easy and exact setting 
of focus. But the finest arrangement for ensur- 
ing not only correct focus but lining up 
accurately on the subject is that which allows 
viewing through the camera lens, revealing the 
scene that is actually being focused on the film 
in the gate. This is possible on many pro- 
fessional 35 mm. cameras and a few narrow- 
gauge instruments. One scheme permits such 
viewing only while the camera is not running, 
hut even this is a great help in setting up. 

A superior scheme, which provides the same 
accurate viewing even while the camera is 
running, embodies a mirrored shutter with 
blades mounted at 45°. One side of this disc 
shutter is a mirror surface which reflects the 


scene into the viewfinder eyepiece every time a 
shutter blade covers the gate during the pull- 
down periods. An uninterrupted check is 
therefore possible on the framing and focusing 
of whatever is being photographed. 

ACCESSORIES 

The accessories for normal cine use are 
similar in many ways to those used in still 
photography. One way in which they can be 
different is that in cinematography some of 
them are required to be used in movement. For 
example, in still photography a polarizing filter 
is fitted to cut out a troublesome reflection. In 
cine work not only can the same purpose be 
served, but two polarizers may be rotated 
against each other during the filming of a 
scene and produce the gradual reduction in 
exposure needed to make a scene fade out, a 
requirement that cannot apply to snap-shotting. 

Another difference is due to the fact that 
cinematography is inclined to be a more 
strenuous pursuit — and the cameras are usually 
heavier — so there is a need for heavier duty 
equipment. 

The Cine Tripod. A steady tripod is almost an 
essential accessory in motion picture making. 
The head of the cine tripod is designed to 
allow the camera to be swung horizontally 
(panned) and pivoted vertically (tilted); this 
accessory is known as a pan-and-tilt head, and 
is fitted with a long operating arm so that camera 
movements will be steady and under the 
control of the cameraman. 

As often as not the professional uses a head 
that is stabilized by an internal flywheel; he 
also uses a tripod head that is controlled in 
both directions by worm gears turned by two 
separate handles. The type of head more 
often used by narrow gauge workers has a 
simple form of adjustable friction control 
for both pan and tilt movements, restrained 
so that they cannot tum too freely. It is 
important that a tripod head is steady when 
being rotated very slowly — any tendency to 
stick or jerk is enough to condemn it. 

Mobile Camera Supports. The cameraman must 
often be able to go on filming while the camera 
follows behind a moving subject. Or sometimes 
it may be necessary to move (or track) up to or 
away from a static subject. So there are several 
types of mobile camera supports used in the 
professional film studio. Most of them are 
wheeled platforms upon which the camera on 
its tripod can be mounted. 

The dolly is a robust three or four-wheeled 
platform of this type. It is pushed about the set 
by hand and carries the cameraman and his 
equipment. The dolly provides for horizontal 
movements only. 

The velocilator is a rather more elaborate 
form of dolly. It is driven by hand or by an 
electric motor and incorporates an electrically- 
driven raising and lowering gear for the camera 
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and its operator. Power for the motors is 
supplied through a trailing mains cable. 

The camera crane is a mobile structure that 
supports the entire camera crew and, if neces- 
sary, the director on a platform rigidly slung 
from the end of the long jib. Like the velocila- 
tor the crane is completely power-driven 
through a trailing cable and it gives the camera- 
man an almost unlimited choice of camera 
angle and movements. 

Small Accessories. Gauging exposure is a 
fundamental need, as with still photography. 
To satisfy it there are the same instruments: 
the exposure calculators, the optical extinction 
meters, the photo-cell meters. In some cases 
meters are also issued as cine versions which 
quote only the simplified shutter speeds possible 
with a cine camera. Sometimes attachments are 
sold which enable the meter to read the inci- 
dent light as well as the reflected light. Most 
professionals use the incident light method of 
exposure estimation. 

Filters are used extensively by professionals. 
Amateurs do not bother with them as much as 
they should. Apart from the range of normal 
coloured filters, use is made of the various 
other types, such as graduated sky filters, and 
ultra-violet filters. Particularly useful are 
neutral density filters; these are grey filters 
that cut down the light by a definite amount 
without affecting the colour values: they are 
used to prevent over-exposure or to make a 
larger lens aperture necessary so that the depth 
of field is reduced. Polarizing filters also have 
special value in cinematography; they can be 
used for reducing unwanted reflections, 
darkening sky tones, and as continuously 
variable neutral density filters. 

Supplementary lenses, diffusion attach- 
ments, lens hoods and other normal still 
photography accessories also have their 
important uses in cinematography. 

Rangefinders can be fitted to narrow-gauge 
cameras, but they are not vital items as the 
normal cine lens has such a great depth of 
field. Professionals do not need them because 
they are able to focus through the camera lens. 

Reflectors are useful accessories for amateur 
and professional alike. They are light-surfaced 
boards which reflect light into the deep shadows 
that often occur on close-ups of people. A 
silvered surface will give a hard light and a 
matt white surface gives a soft light. 

Special Accessories. In the field of special 
effects the accessory designer has the greatest 
scope. 

The most important item is the effects (or 
matte) box, which at its best is a compre- 
hensive lens attachment designed to hold a 
wide range of accessories and ensure their 
accurate placing in relation to the camera and 
the tripod; a registration device guarantees its 
alignment with the optical axis of the camera. 
At the front of the box is a vertical plate with an 
accurately cut aperture that admits light from 


the subject area covered by the lens, and no 
more; because of this the effects box is an 
excellent lens hood. 

The amateur’s effects box has to be more 
comprehensive than the professional’s because 
the amateur has to do most of his special 
effects in the camera. Into the front of the 
appliance can be fitted various masks to cut 
down the picture area so that it represents the 
views seen through binoculars, a telescope, a 
keyhole and so on; also the masks necessary 
for split-screen effects. 

Into the body of the appliance and nearer the 
lens can be fitted such attachments as mirrors, 
prisms for reversing or inverting the scene, 
odd-shaped pieces of glass (from broken 
bottles) for distorting the image, cylindrical 
distortion lenses, and the combination of short- 
focus positive and negative lenses which when 
separated can put an image considerably out of 
focus. 

There are other special accessories besides 
the effects box. One intended for the amateur is 
a reverse motion cradle, for use if the camera 
cannot be run backwards. The cradle is a 
stoutly constructed frame fitted between the 
tripod and the camera and able to hold the 
camera firmly upside down. 

A more ambitious attachment is an anima- 
tion unit by means of which the camera may be 
operated one frame at a time at the intervals 
chosen to suit the particular task in hand. Such 



EFFECTS SOX. Top: Full-scale effetu box with front and rear 
mask slots. These will take all kinds of ci/t-oirt masks, fading 
glasses, diffusion attachments, etc. At the same time the 
effects box also acts as a lens hood. Botrom: Simpler effects 
box. This is more portable and permits hand-held filming. 
Filters fit into the rear slot which is closest to the lens. 
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CARTOON BENCH SET-UP The main parts are: A, camera; 
B, single-frame unit; C, release cord; D. lamp units; E, 
baseboard; F, glass sheet to hold drawings flat; G. register pins. 

units are often used in cartoon work. One 
version of the mechanism is a completely 
automatic time-lapse unit intended for long 
periods of single-frame filming: it will operate 
not only the camera, but the lights and the 
cover which cuts off daylight from the subject 
for the exposure periods. This may be used for 
periods running into weeks or more. 

FILM PRODUCTION 

The making of a cine film involves a number 
of important stages. The actual shooting of the 
film is only one small part of the many opera- 
tions needed to produce a complete film. 
Planning. Every professional motion picture 
film starts with an outline, generally referred 
to as the treatment This treatment is written 
in essay or story form. It outlines the idea 
without worrying about the technicalities of 
producing it as a film. The technicalities are 
gone into later. 

Once the treatment has baen approved the 
script is written. This means that the subject 
matter is painstakingly divided up into scenes, 
preferably by someone who has sufficient 
technical knowledge to write only what is 
filmable: this is especially necessary in the 
case of documentary and other non-fictional 
films made on limited budgets. The scenes are 
numbered consecutively and against each item 
is placed practical information such as loca- 


tion, camera position and movements, and 
the actors required (with their dialogue, if 
any). 

That procedure may not apply to amateurs, 
even supposing that they do not have to con- 
sider sound. Their planning will vary in amount 
from nothing to the fully detailed script with 
sketches of set-ups, but is usually a much less 
comprehensive affair than the professional’s. 
The technical knowledge required for the 
writing of a good script is considerable and 
most amateurs have little opportunity, or 
inclination, to acquire it. 

When the professional script is complete it 
will be broken down. That is, various detailed 
lists will be worked out from it giving such 
information as the number of artistes required 
and the scenes in which they will appear, the 
number of scenes to be shot in each set or 
location, proposed shooting dates, properties 
needed. There will be designs and plans for 
constructing and dressing the various sets. 
These lists and plans enable all the many 
specialized departments to get to work on the 
multifarious aspects of preparation. 

Preparing to Film. Much of the technique of 
motion picture photography is the same for 
both amateur and professional filming. The 
camera has to be adjusted for exposure, focus, 
speed (which does not often change from the 
normal) and viewfinder parallax (where such a 
refinement is included). The camera will be set 
up and the most suitable lens chosen to match 
the subject: if there is only one lens, as with 
most amateur cameras, then the subject-to- 
camera distance has to be altered to give the 
desired image size. In scripts, the descriptions 
given to the basic sizes of subject f or the screen, 
especially for people, are: long shot, medium 
shot and close-up. Broadly speaking long shot 
means full length figure, medium shot means 
two-thirds length and close-up is one-third 
(head and shoulders). Indoors in restricted 
spaces a wide angle lens is a great asset for 
securing long shots. 

The camera is mostly used on its tripod; and 
even when the set-up is static a pan-tilt head 
will normally be used, making the levelling 
and centring adjustments much easier than if 
the tripod legs had to be shifted about instead. 
The pan-tilt head is essential when the scene 
calls for a panning movement, and setting up 
will then involve rehearsing the front and end 
set-ups of the pan. Some pan-tilt heads have a 
levelling adjustment so that the plane of 
panning can be set without moving the tripod 
legs. 

The routine of shooting is simpler with 
silent films than with sound, and with narrow 
gauge equipment compared with the much 
heavier 35 mm. For making sound films the 
camera and the associated sound recorder may 
be driven by mutually synchronized motors, 
and some time must be allowed for the camera 
to run up to full speed before each shot (or 
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“take”). For making silent films or where the 
sound is post-recorded, the take can be made 
immediately the camera has started. 

There have to be enough technicians to carry 
out all the necessary duties involved. In pro- 
fessional circles there are many — a case of at 
least one man to each job. Ip newsreel and 
amateur crews each man generally takes on 
more than one set of duties. An amateur lone- 
worker will do everything himself, but this he 
can often manage because his productions are 
naturally less ambitious. Cine clubs are usually 
more concerned with keeping everyone 
occupied and cheerful, so they make the most 
of the personnel they have. 

The director decides on the set-up and the 
camera-operator arranges the camera; the 
lighting cameraman deals with the lighting of 
the scene. 

Lighting. The lighting of the subject has to 
satisfy two main requirements — technical and 
artistic. Dealing here with the technical, there 
must be: enough light to give correct exposure; 
and the difference in brilliance between the 
highlights and shadows of the subject must be 
narrowed down until it lies within the available 
contrast range of the film. Colour film has a 
very restricted contrast range and control is 
correspondingly more difficult. In daylight this 
control is attained by reflecting daylight or 
shining artificial light into the shadow areas 
and shading down the highlights. In artificial 
light the same effect is obtained by adjusting 
the number, power and position of the lamp 
units, or by the use of shutters on the lamps. 

Professional studios tend to favour arc 
lamps, tungsten lamps, and compact source 
lamps, built into lens- or reflector-spotlights 
for giving hard controlled beams; also large 
open-faced units to give masses of soft light. 

Narrow-gauge workers more of ten use Photo- 
floods, giving a very white and actinic light 
but with a greatly curtailed burning life. These 
are mostly used singly or sometimes in batches 
of two, three or four mounted in bowl-shaped 
reflectors on suitable stands. This type of 
lighting cannot be made to cause hard shadows 
like those cast by spotlights. 

The intensity of the light on the subject is 
controlled: by varying the distance of the soft 
lights from the subject; by concentrating or 
spreading out the beam from the spotlights; 
and by using shutters or suitable diffusing 
materials in front of the lighting units. 

The shape of the light areas projected from 
spotlights is also controlled by various types of 
shield attached to the fronts of the lamps: 
snoots are truncated cones or tubes with the 
open end facing forward ; barndoors consist of 
an arrangement of doors hinged on four sides 
of a square so that they can be flapped over the 
spotlamp beam independently. 

With these devices, or with cut-out masks 
fitted on the lamps, brilliant light can be 
thrown into a shadow area of a subject without 
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overlapping on to the adjacent highlight and 
making it too bright. 

The camera lens is shielded from unwanted 
light rays by: a deep lens hood; adjusting the 
barndoors; and the use of niggers, which are 
flat black boards mounted on portable stands 
so that they can be set at any desired position 
and angle between light and camera. 

Exposure. Before filming can start, the lens 
aperture required for obtaining correct expo- 
sure must be determined. There are two main 
methods of using exposure meters — the high- 
light system and the reflected light or average 
light system; the former is favoured by many 
cinematographers. 

The highlight meter measures the strength 
of the illumination instead of the subject bright- 
ness. As faces reflect an almost constant pro- 
portion of the light falling on them it is possible 
with the meter to make face-brightness remark- 
ably constant for all scenes. This is what most 
(but not all) cinematographers want, and is 
known as key-tone measurement. So the 
exposure for faces is independent of the back- 
ground whether this background be in sun- 
light or shadow, and the amount of sky in- 
cluded in the picture makes no difference. 

When filming interiors most professionals 
use a meter that measures the intensity of the 
light in foot-candles. It is an incident light 
reading as with the highlight meter. The 
cameraman knows that he needs a certain 
number of foot-candles on the subject for him 
to use a chosen lens-aperture and he adjusts 
the various lamps until such an intensity is 
provided. Shadows and highlights are dealt 
with separately and the difference between them 
is kept within the contrast range of the film 
being used. For exteriors the meters used by 
professionals are usually similar to those avail- 
able to amateurs. 

Artistic Elements. The technical requirements 
of film-making are one consideration. There is 
also the artistic side involving various key men, 
not all of whom concern us closely in this 
largely technical survey of film production. 

In the professional field the producer is the 
man at the top — he decides on the type and 
scope of the film and engages suitable techni- 
cians to carry the project through. 

The script writer is the man with sufficient 
imagination and technical knowledge to con- 
vert the artistry of the original story into a 
form that suits the visual medium in use. 

The art director is an artist able to design the 
settings that will create a realistic atmosphere 
suited to the theme. 

In the actual filming, the technician who en- 
hances the work of the set designer is the light- 
ing cameraman. The artistic requirements of 
lighting can be divided into two phases. First 
there is the general key of the lighting which is 
adjusted to accord with the mood the director 
wishes to convey; this is controlled both by 
exposure and by the balance of light and shade 
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within the picture area. Secondly there is the 
use of lighting to give artistic emphasis and hold 
attention to the main interest of the picture and 
its action. 

The camera operator also will have a feeling 
for the artistic because he is the man who has to 
carry out the adjustments in each camera set- 
up and give the right timing to all the camera 
movements. Composition is a visually import- 
ant factor that he will sense instinctively, 
although he may be influenced by any sketches 
made by the art director. 

But the man who has the last word on these 
questions and who is the most important of the 
technicians is the director. Ideally he is the man 
who understands the abilities and limitations 
of all the other technicians and can persuade 
them to work as a unit in the production of the 
film. He is a combination of the practical and 
the artistic. He, if anyone, will have the touch 
that lifts the film into the top class. This art 
cannot well be described, but the quality of the 
end product will be influenced by the director’s 
decision on such natters as camera angles; the 
way in which successive camera positions build 
up the effect of a sequence; how the camera 
should be panned or tilted or tracked during a 
scene, or moved only slightly fora subtle effect; 
how the characters will move in order to pre- 
serve continuity or heighten the flow of the 
action ; and in the preparation of the necessary 
scenes for any spe< '-il effects. 



A1AK/NG FADES. Left: Use of a fading glass; this is progres- 
sively moved across the camera lens to reduce the amount of 
light reaching the film. Centre left: Closing the camera shutter 
( only suitable for cameras with variable shutters). Centre 
right: Closing down the iris. This does not, however, shut out 
all the light at the end of the fade, leaving an under-exposed, but 
still visible, image. Right: Use of a pair of polarizing filters 
in front of the lens, rotating them until they are crossed. 


All these factors, originating from one 
technician or another in the team, determine 
whether or not the final production will be just 
another pot-boiler or be the means of causing 
a stir of excitement. 

Filming. The rehearsals for the scene are over — 
actors and technicians are confident. The 
director is ready to give the word for the take to 
begin. 

First comes the number board. This, written 
on with chalk, is photographed on the front of 
every scene to record the name of the film, the 
scene number, the take number (as any scene 
may have to be re-taken) and several other 
relevant items. The information, recorded 
thus on the film itself and quoted in all the 
relative documents, will make the work of 
people like the film editor very much easier. 
If sound is being recorded, the number board 
has a clapper mounted cn it — a hinged piece 
of wood that can be lifted and banged down 
again. This gives both a visual and an audible 
signal that can be identified, enabling the 
sound and picture to be synchronized at the 
editing stage. 

While the number board is being held in 
front of the camera the director shouts 
“Camera” and the camera is switched on. As 
soon as the board has been carried out of the 
way the director calls “Action” — the cue for the 
actors to start their scene. To stop the scene 
the director will call “Cut”. 

A continuity assistant records details of 
everything that might change between one take 
and the next, such as the position of properties 
and details of movement. The professional 
continuity girl takes down shorthand notes of 
all dialogue spoken in each take and types it 
out in full on the special forms provided. The 
camera assistant may make technical notes 
about such items as lighting, exposures and the 
amount of film used. 

In elaborate scenes the continuity notes are 
supplemented by still photographs. The still 
cameraman who does this work is also respon- 
sible for all pictures taken for publicity, pro- 
duction stills of the set and the camera crew, 
and the special publicity stills that are made in 
his own portrait studio. 

After shooting, the exposed motion picture 
film is sent off to the laboratories with any 
special instructions that might apply, and 
after the processing the positive film is put 
into the hands of the editing department. 

SPECIAL TECHNIQUES 

The technique of cinematography includes 
the knowledge of a whole range of special 
effects produced not only by variations from 
the normal procedure but by tricks of one 
kind or another made possible by special 
apparatus. Many effects are by this time so well 
established that, by professionals anyway, they 
are almost taken f or granted. 
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SCENE TRANSITIONS. Left: Fade out. The image becomes 
progressively darker until it disappears altogether. The follow- 
ing scene then fades in from complete blackness. Centre left: 
Dissolve. The second scene appears weakly superimposed on 
the first, replacing it. Centre right: Wipe. The second scene 
displaces the first across the frame. Right: Wipe fade. The 
scene is pushed off the frame by blackness. 

The professional is fortunate in that his 
special effects can be produced for him in the 
laboratory by means of the optical printer 
after his negative has been normally exposed 
and processed. 

Transitions. The transitions are the cinematic 
devices by means of which one scene changes 
gradually to another instead of there being a 
sudden change, as with a cut. The three basic 
types of transition are the fade, the dissolve 
and the wipe. 

With a fade the scene either gets progres- 
sively darker until it becomes black (a fade- 
out) or appears out of blackness (a fade-in). 
A density wedge, i.e., a neutral filter in which 
the density increases smoothly and pro- 
gressively from one end to the other, is some- 
times used to obtain fades in the camera: it is 
slid across in front of the camera lens. The more 
advanced cameras have a fade shutter — that is, 
a variable shutter that can be operated while 
the camera is running and which gradually 
reduces the exposure to zero for a fade-out, or 
opens up to full for a fade-in. A cruder method 
of fading, often used by amateurs, is to close 
down the lens aperture; but this will only work 
if there is a large enough range of aperture 
stops to produce a full black, and in any case 
there will be a variation in depth of field. 

The dissolve is an effect whereby one scene 
gradually fades away at the same lime as 


another scene gradually appears and takes its 
place. To produce a dissolve the first scene is 
faded out by one of the methods described and 
the camera stopped. The film is then wound 
back to the beginning of the fade and the next 
scene is shot with a fade-in that coincides with 
the fade-out already there. 

A wipe is the type of transition in which a 
line or shape moves or grows on the screen, 
gradually wiping away one scene and disclosing 
the other. In the professional version both 
scenes are in contact along the line of the wipe 
and, as it is usually impossible to arrange the 
necessarily accurate timing with a double 
exposure in the camera, this transition is a 
product of the optical printer. The amateur 
compromises: he wipes away a scene by 
covering the field of view with a black card cut 
to the desired shape; there is no winding back 
and the next scene is uncovered from blackness 
with a similar shaped card. There is here an 
affinity with a fade, so the transition is more 
properly called a wipe-fade. 

Sudden Changes. We have already seen that 
when film travels fast through the camera the 
effect is to slow down the speed of natural 
movements. Film travelling slowly does the 
opposite, speeding up natural movements. It 
is also possible to stop the camera altogether 
during a scene, make a change of some kind in 
the scene and then continue filming — the 
effect being one of a sudden change. One can 
therefore make something or someone appear 
or disappear in an instant in accordance with 
the best tradition of magic. 

Reverse Motion. All film speeds can be used 
with the film travelling backwards in the 
camera. Reverse motion is a valuable asset to 
a film-maker, for not only does it make fas- 
cinating tricks possible, with events happening 
in reverse, but a number of effects can be 
achieved that would be dangerous or impossible 
filmed in the normal way. 

Narrow-gauge cameras are not usually 
designed to run backwards, but the cameraman 
can get the same result by shooting with his 
camera held upside down and then reversing 
the film end-for-end after processing. This is 



CELS IN CARTOONING. Different parts of the action are 
animated on separate cels (celluloid sheets) which are super 
imposed in their correct position over t he background 
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not easy to do in the case of 8 mm. as this film 
is perforated along one side only and so will not 
turn over satisfactorily. 

Animation. The slowest speed to which the 
camera can be set is single-frame speed. This 
makes feasible the technique of animation or 
stop-motion. The subjects of the animation 
may be self-moving or they may be inanimate. 
An example of the former is clouds in the sky — 
when they are filmed at 1 f.p.s., for example, 
and projected at 1 6 f.p.s. they appear to move 
at 16 times their normal speed and are then 
quite exciting to watch. 

Inanimate objects have to be moved by the 
cameraman, a little at a time between exposures. 
The objects may be three-dimensional, as with 
scale model road traffic and jointed solid 
puppets; or two-dimensional, as with flat 
diagrams and drawn cartoons. 

Cartoons are made by photographing a long 
series of drawings each of which has been 
drawn slightly different from the one preceding. 
To reduce the great amount of labour involved 
in the drawing, the detailed background is 
drawn on a sheet of paper while the animated 
object in the foreground is drawn on sheets of 
cellulose acetate (cels) through which the 
background can be seen. 

Superimposition. Two exposures can be made 
on the same strip of film by winding back to 
the start before the second exposure. This is 
the method used in the creation of a ghost. For 
this effect the actor is first photographed 
against a black background, and the second 
exposure is on the chosen empty scene where 
on the screen the transparent ghost will later 
appear to be walking. 

Double exposure is also used in the familiar 
titling effect where white lettering is super- 
imposed on a scene photographed in a pre- 
vious exposure. 

Split-screen Filming. There is another way of 
arranging multiple exposures. Instead of 
making them come on top of each other it is 
possible to position them side by side so that 
the two actions appear as though they were 
taking place at the same time. Only a section 
of the f rame is exposed on each run through the 
camera, the rest of the frame being covered by 
a suitable mask (or matte) until it is needed. 
The masks are usually held in an effects box 
fitted to the front of the camera. 

This method is particularly valuable in 
scientific work where one series of events is to 
be compared with a standard controlled series. 
Trick Scenery. The technique of masking can 
be employed in a number of subtle and often 
more complex ways. Instead of double expo- 
sure combined with the use of black masks, 
only one “mask” is used and it is not black — 
it is a painted representation on glass of 
what will seem like part of the real scene, sup- 
ported in front of the camera so that it will be 
photographed at the same time as the real 
scene, without double exposure. 


Scale models of foreground objects are 
mounted relatively close in front of the lens to 
convey the impression of real objects at a 
greater distance. The expense of building the 
upper storeys of tall buildings is often saved by 
suspending elaborate scale models in front of 
the camera in this way. 

In the Schiifftan process, a mirror set at 45° 
is used to reflect the image of a scale model at 
one side while the main subject is seen through 
areas scraped from the reflecting surface of the 
mirror. 

Substitute Backgrounds. Not only may one add 
details to a scene to make it complete but there 
are devices that enable the action in a studio 
to be portrayed in any desired surroundings. 
These systems normally employ two films — one 
of the background, and one for the complete 
action. 

In principle most of these devices date 
from the earliest days of cinematography. They 
involve such things as back projection, in which 
the action is filmed against a screen on to 
which a projector throws the required back- 
ground from behind ; travelling mattes, whereby 
a complicated system of masking is used during 
the film printing to combine separate films as 
if they were one; and numerous other effects 
based on similar methods. 

Stereoscopy. Normal cinematography exposes 
one frame at a time (in rapid succession). Three- 
dimensional cinematography, which is now 
available to professional and amateur, exposes 
two frames at a time, taken from viewpoints 
about 2£ ins. apart. 

Special projection arrangements are neces- 
sary to show these two separate records super- 
imposed on the same screen area and yet allow 
the eyes of the audience to view them indivi- 
dually. The modern method is to project and 
view the two images through a pair of polariz- 
ing filters, the directions of polarization of each 
picture being at right angles to each other. The 
effect is one of looking at realistic solid objects 
through the window of the screen. 

EDITING 

When all the film has been exposed and pro- 
cessed it comes to the editing stage. This 
involves the sorting out of shots into their 
correct or suitable order, rejecting unsatis- 
factory shots, varying the length of shots to 
suit the mood of the film, and joining all the 
resulting pieces together in the chosen order. 
Some amateurs are inclined to ignore this 
procedure, but professionals undertake it as a 
matter of course, for it is an important creative 
step in the production of a film. 

Equipment. The main item of equipment is an 
animated viewer, preferably one that runs at a 
constant speed so that accurate timing of the 
shots is possible. Amateur viewers do not have 
this refinement. Many amateurs use their pro- 
jectors instead, although inconvenient. 
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SPUT SCREEN FILMING. This requires an effects box. Top: 
Left-hand mask in guides, covering half of scene, and held 
with a clip during filming. Bottom: Mask in right-hand side 
up to some centre mark as before. Left-hand mask removed, 
and right-hand scene filmed af ter rewinding film. 


A good splicer is a necessity for joining the 
strips of film together with speed and accuracy. 
Film cement is the solvent used for what is 
actually welding and not a cementing operation. 

Rewinders, spare spools and a winding-off 
plate are needed to enable film to be wound on 
and off the spools and generally handled with 
ease during the editing. 

The sorting equipment often takes the form 
of a pin rack on which a row of film strips can 
be hung and sorted into order as required. 
Amateurs seem to favour an array of small tins 
numbered and stuck on to sheets of plywood of 
a convenient size. Storage tins serve to keep all 
the pieces of film identified and available for 
easy reference. 

The smaller items of use in editing are cotton 
gloves, scissors, grease pencils, magnifying 
glass, duster, cleaning fluid, note pad and 
pencil. 

Editing Procedure. Some 1 6 mm. and all 35 mm. 
users film with the negative-positive system. 
The first prints (or “rushes”) made from the 
negative are projected as soon as possible, 
usually the day after shooting, and these are 
the positives that are handled in the cutting 
room in the building up of the cutting copy. 
Many narrow gauge users do their filming on 
reversal stock — in this case the editor should be 
given a reversal duplicate for cutting purposes 
in order to avoid the hazards of handling the 
original when doing the editing. 
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The editor has his own copy of the script. He 
is given a copy of the notes made by the director 
and copies of the continuity sheets prepared by 
the continuity assistant. During the showing of 
the rushes to the key members of the unit he 
also makes his own notes. He will thus know 
which are the best takes and will have noted 
any inferior sections which should be avoided 
if possible. 

First the rolls of positive as received from the 
laboratory are broken down and the separate 
scenes are sorted out in numerical order to 
match the script. With the aid of his notes the 
editor immediately extracts the unwanted and 
faulty material. What remains is then joined 
into reels in script order and projected as a 
check that all the essential material for the 
film is there. If there is a sound track each 
reel will consist of two rolls — separate picture 
and sound. 

Then follows the rough-cut stage when all 
obviously unnecessary portions of the good 
takes are cut out — such as number boards, 
excess action and mistakes — and the material 
is arranged in a much condensed form that 
begins to resemble the film as it will finally 
be. After approval from producer and director 
and with their suggestions, the editor then 
settles down to finer cutting, an operation in 
which he exercises his freedom of choice in the 
detailed consideration of the cuts from shot to 
shot. This process may last quite a long time 
and is a vital stage with continual experiment- 
ing to achieve just the right timings and general 
effects. 

The sound, whether synchronized at the 
moment of filming or soon afterwards at a post- 
recording session, is whenever possible edited 
at the same time as the picture. Sound makes the 
work of editing more complex, but the special- 
ized equipment helps to overcome the extra 
difficulties. The 35 mm. editor runs his lengths 
of film through a viewer or editing machine 
which not only shows a small animated picture 
but reproduces the sound from the sound 
track in synchronism. The narrow-gauge worker 
may use a specially adapted version of the 35 
mm. editing machine, but in general most of 



ANIMATED VIEWER. The different units are laid out on an 
editing bench for easy manipulation. A, normal feed spool. 
B, viewing screen. C, lamphouse. D, normal take-up spool 
with geared winding handle. E, film cement. F, splicer. 
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his sound editing must be carried out on the 
sound projector. 

In all but the most unpretentious films the 
next step will be the fitting of music and sound 
effects to the picture and the process of re- 
recording them with the existing sound track 
all on to one track. 

After that the negatives or originals will be 
cut to match the cutting copy and a final 
print produced that has the sound and picture 
printed on to the same strip of film. 

Silent films are naturally the easiest pro- 
position. The amateur, especially, is not in- 
volved in such intense activity as the profes- 
sional and his apparatus is simpler, but in 
principle his editing will conform to the same 
rules if he takes his film making seriously. When 
the fine-cut stage has been completed the main 
task that remains for him is to add the titles. 
Titling. The main title and all necessary sub- 
titles are photographed on the titling bench. 
This consists of an easel to hold the title cards 
and a sliding support for the camera. To ensure 
that the camera will always align with the title 
card area on the easel the camera support is so 
constructed with a registration device that the 
camera can be locked in position and after 
removal can be returned to exactly the same 
position. 

Two or four lamp units in reflectors are 
mounted around the title easel so that the title 
card surface is suitably and evenly illuminated. 

The bench may be either vertical or hori- 
zontal. The vertical design has the camera 
suspended above looking down, and the easel 
is then horizontal. The advantage of this 
arrangement of easel is that loose letters and 
other pieces may be easily disposed over it 
without any fixing. But both the horizontal and 
vertical types of set-up have their own special 
uses. 

Title cards may be prepared in several ways: 
by using one of the forms of loose letters, or 
by hand lettering in white ink on matt black 
card with pen or brush, or by stencilled letters. 

Titles lettered on cels (used for cartoon 
films) may be laid over suitable pieces of back- 
ground material and photographed. Or the title 



TITLING BENCH. The camera is centred opposite the ease 
and moves forward and back on runners. The lights are pivoted 
so that they can be adjusted for angle. 


easel may have an open back through which 
lettering can be photographed on transparent 
and translucent supports against a separately 
illuminated title background. 

THE PROJECTOR 

In the projector the images on the film are 
brightly illuminated and an enlarged picture of 
each illuminated frame is projected on to the 
viewing screen through a lens. 

The shutter on a projector does not serve 
quite the same purposes as the shutter on a 
camera. The camera shutter controls the expo- 
sure and also shuts off light from the sensitive 
film between exposures. In the projector the 
shutter serves to stop light from reaching the 
screen while the film moves from one frame to 
the next, thus preventing blurring of the pic- 
ture; and it also serves to eliminate flicker in 
the picture. The camera is equipped with what 
amounts to a single-bladed shutter — that of 
the projector is more complex. 

Flicker. It was discovered quite early in cine- 
matography that while a picture change occur- 
ring sixteen times a second was sufficient to 
give an illusion of movement, the audience 
was aware of light flicker. Tests showed that to 
obtain an illusion of continuous flicker-free 
illumination it was necessary to interrupt the 
light beam forty-eight times per second. For 
this reason the silent film projection shutter 
had three blades and three openings. The 
shutter rotated once for every frame so that it 
produced forty-eight interruptions per second 
at a projection frequency of sixteen frames per 
second. 

When sound-on-film was introduced, the 
film had to be run at a faster speed so that the 
higher sound frequencies could be satisfactorily 
recorded and reproduced. The picture fre- 
quency was increased to twenty-four frames 
per second and at that speed the projection 
shutter needs only two blades and two openings 
to provide the necessary forty-eight interrup- 
tions. 

Ul nmina Hnn. In 35 mm. projectors the film is 
illuminated by a high intensity arc with auto- 
matically fed carbons. Some of the more 
advanced 16 mm. projectors use an arc as 
illuminant, but most narrow-gauge film pro- 
jectors use high intensity incandescent electric 
lamps. Projection lamps of this type are de- 
signed to have as small a filament as possible 
because a concentrated source gives the best 
results with the optical set-up — which usually 
consists of one or two glass condensers with a 
concave reflector behind the light source. 

Some form of cooling device is incorporated 
in most projectors. But ventilation and forced 
draught can only remove the hot air from the 
lamp house, they cannot prevent the lamp from 
radiating heat through the condenser and on to 
the film, and precautions have to be taken to 
prevent the film from becoming dangerously 
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hot when it passes through the gate. The 35 
mm. projector has a safety shutter which cuts 
the light off from the gate should the machine 
stop, otherwise the film would melt. Many 
narrow-gauge film projectors have a safety 
shutter of heat-absorbing glass, wire mesh or 
other similar material. This drops automatically 
into the light beam when the film transit 
mechanism is stopped ; in this way, still pictures 
can be shown if desired. 

Points of Design. In 35 mm. projectors the film 
is moved intermittently by a sprocket which is 
turned one picture space at a time by a device 
known as a Maltese cross. This is of necessity 
a heavy-duty mechanism. The narrow-gauge 
machine uses the claw movement which is 
more economical in manufacture. It works on 
the same principle as the claw in a camera but 
is a more robust version of it. For greater 
reliability the movement may have a double 
or triple claw — it is then safer for the running 
of old and damaged copies of films. There are 
also multi-gauge projectors — they will run 
more than one gauge of film by a comparatively 
simple change-over of claws, gate channels, 
sprockets and take-up spindles. 

Professional machines always run at a constant 
speed, 24 f.p.s. — there is no need for anything 
different. Amateurs have the choice of several 
arrangements: there are motors with constant 
speeds of 16 f.p.s. and 24 f.p.s. and there are 
also motors with a variable speed control. 

Some machines have a reversing switch for 
running the film backwards, to cause amusing 
effects or enable a scene to be quickly repeated. 
This is never fitted to 35 mm. mechanisms. Nor 
are there the rewinding arrangements that 
there are on amateur machines. These latter 
often have a fast motor-driven rewind, a 
feature not usually recommended because it 
can easily lead to film damage in inexperienced 
hands. 

Another amateur feature that is never in- 
corporated in the 35 mm. projector is the still- 
picture device for the study of individual 
frames. 

A framing control is essential for pro- 
fessional requirements in order to correct any 
errors in threading the film into the projector. 
The frames of picture may not be in correct 
relation to the gate aperture and the effect on 
the screen will be two incomplete portions of a 
scene. The framing control enables the pro- 
jectionist to adjust the picture up or down 
correctly. The adjustment is of the optical 
type — that is, it does not change the alignment 
of the optical axis with the screen. 

When a framing control is fitted to narrow 
gauge machines it is usually of the non-optical 
type, its disadvantage being that operation of 
the control moves the projected area bodily up 
or down off the screen and it becomes neces- 
sary to use the tilting adjustment of the pro- 
jector in order to bring the picture back into 
place. 



A TYPICAL SILENT PROJECTOR. The components and controls 
are: A, lamp; B. condenser; C, mirror; D, shutter; E, motor 
and cooling fan; F, feed spool; G, sprockets; H, roller guides; 
I, lens; J, film gate; K, claw mechanism; L, take-upspool. 

Maximum spool capacities, expressed in 
screen time, are greater in the case of narrow- 
gauge practice. 

2,000 feet of 16 mm. sound film lasts about 
one hour, 900 feet of 9-5 mm. sound film lasts 
25 minutes and 400 feet of 8 mm. silent film 
lasts 34 minutes. 2,000 feet of 35 mm. sound 
film lasts for only about 20 minutes. 

The Sound Head. In a sound film projector, 
after the film has passed intermittently through 
the picture gate, it runs over a system of 
rollers connected to a smoothing device. This 
ensures that it will move smoothly and con- 
tinuously through the sound gate. Here light 
from an exciter lamp shines through the sound 
track at the edge of the film and falls upon a 
light-sensitive photo-cell. 

The modulations on the sound track vary 
the intensity of the light falling on the photo- 
cell. This in turn varies the electrical output of 
the cell so that it transmits a greater or less 
current to the amplifier which operates the 
loudspeaker. 

As the sound gate is mounted below, or in 
advance of, the picture gate, the sound is 
always printed on the film in advance of the 
frame of picture to which it refers. In standard 
practice the sound track starts twenty frames in 
advance of the picture, on 1 6 mm. film twenty- 
six frames in advance and on 9-5 mm. film 
twenty-five frames in advance. 
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A number of projectors are now fitted with 
magnetic reproducer heads so that films with 
either optical or magnetic tracks can be shown. 

SHOWING AND USING FILMS 

To get the best from a film it must be pro- 
jected to give a sharp, bright and steady 
picture. In addition, the enjoyment of a film 
can be considerably enhanced by various 
refinements in the presentation of a show. All 
these points should be considered as impor- 
tant as the making of the film itself. 

Projection. There are three types of surface 
available for projection screens. A matt white 
surface does not have high reflection properties 
but does reflect equally well at all angles of 
viewing. A silver surface reflects more strongly 
than matt white, but has a definite angle of 
reflection outside which there is a decrease in 
brilliance for the viewer. A beaded surface 
gives a more brilliant picture than the silver 
surface, also with directional properties; it is 
most efficient when viewed at angles close to 
the projector position. 

The projectionist is expected to keep the 
picture on the screen evenly and adequately 
illuminated, in correct focus, properly framed 
and the correct way around. In the camera the 
film is always run with its emulsion surface 
facing the lens and the subject. In projection, 



PROJECTOR INTERMITT ENTS. Top left: Claw movement with 
double claw. The arrowed figure traces the path of the claw; 
BB is the extent of the film movement. Top right: Dog or beater 
movement. As t/ie beater acts on the film loop. BB is only half 
the length. Bottom: Aia/tese cross system. 


the emulsion surface may face either way 
according to the nature of the film — positive 
print, reversal original or dupe. 

The projectionist must also control the 
quality and volume of the sound within the 
limits of comfortable listening. In professional 
cinemas the loudspeakers are generally built in 
behind the screen which is perforated to let the 
sound through. To assist the projectionist in 
judging sound quality from the projection 
room a small monitor speaker is mounted next 
to the projector. 

Professional cinemas have a reproducing 
system for playing gramophone records and 
for microphone announcements. Narrow-gauge 
projectors are equipped so that the output from 
a gramophone pick-up or microphone can be 
reproduced through the projector amplifier and 
loudspeakers. 

Film Presentation. The work that has gone 
into the making of a film culminates at the 
moment that the film is presented to an 
audience. Any standard of projection less than 
perfection will nullify much of its value. 

A hackneyed piece of advice which is often 
ignored, even by professional 16 mm. pro- 
jectionists, is to have the projector set up and 
adjusted before the audience arrives. Make 
sure the screen is tightened and free from 
wrinkles, and that no stray light is falling upon 
it from a partially curtained window. Make 
arrangements for the control of the lighting. 

Check that the projector is properly aligned 
upon the screen, and that the lens is clean and 
in focus. When starting the projector, make 
sure that the film leader is not projected — 
cover the lens until the opening title arrives 
in the gate. After every reel, clean the gate 
and sprockets before rethreading. Make sure 
that the spools are not bent. 

A silent film will generally be accompanied 
by gramophone records. The conditions for a 
sound film are rather more exacting: the 
loudspeaker should be positioned above the 
screen — if below it, the spectators in the front 
seats will hear the sound too loud while it 
may be inaudible in the back seats. If the 
auditorium is too reverberant, hang up blankets 
or carpets to deaden sound reflections. 

An almost invariable fault of projection, 
other than in the cinema, is to have the sound 
too loud; standing by the projector it is im- 
possible to judge of the quality or volume of 
sound, which should be monitored by a person 
in the centre of the seating area. 

Try to foresee any faults that may occur: 
always have handy a spare lamp, some fuse 
wire, a torch, splicer, screwdriver and pliers. 
Film Storage. A cool, dry storage place is the 
best to prevent deterioration of films. Narrow- 
gauge non-flammable base is the most sensi- 
tive to atmospheric conditions. Excessive 
dryness causes it to become brittle and shrink. 
Excessive damp causes mildew to attack the 
emulsion layer. 
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To counteract the possibility of shrinkage and 
mildewing there are humidifying solutions — a 
few drops on a small piece of absorbent material 
in the can are adequate to keep the roll of film 
in condition. The humidifier should not be 
allowed to touch the film itself and in the case 
of certain colour films is not recommended at 
all. Fortunately the climate of Great Britain 
is not usually of the extreme nature that makes 
the use of humidifiers imperative. 

Applications of the Film. Since the early days 
when animated pictures were still a novelty 
surrounded by an air of magic, there has been 
a tremendous development and widening in the 
scope of the uses of cinematography. Nowa- 
days the existence of film is taken for granted — 
it is part of our everyday life. 

Entertainment is, of course, its main business, 
made up of such varied artistic offerings as the 
feature films, cartoons, newsreels, documen- 
taries, and fictional films made specially for 
children. The commercial world also uses 
films for advertising; and film sequences are 
made for the television services where direct 
television is impossible or inconvenient. But 
35 mm. film does not have by any means a 
monopoly of practicability. 

Narrow-gauge films had been introduced 
solely to cater for amateurs and their personal 
pleasure. But 16 mm. was soon recognized as 
having great possibilities in serious work. It 
has obvious advantages in lightness of equip- 
ment and lower cost, and so it has been 
developed to satisfy the modem needs of many 
different fields. Good colour is so easily 
obtained and sound is a routine facility. 

Portable equipment and non-flammable 
film have made 16 mm. ideal for use in schools. 
Education films cover a range of subjects that 
is literally world wide. The inclusion of these 
visual aids at the right places in the curriculum 
has proved effective in teaching. The apprecia- 
tion of film is so great in some schools that the 
children are encouraged to make their own 
productions which, although fictional, are 
considered as part of a constructive policy 
towards the arts. 

In industrial circles, not only are there the 
usual types of informational films for staff 
training but there are also research needs to be 
catered for — recording the progress of various 
processes and experiments, and fault-finding. 

Science directs the eye of the camera into 
every possible comer. Science newsreels, for 
example, ably demonstrate the mixture of 
highly specialized activities such as the use of 
the electron microscope in the study of micro- 
organisms, with the more down-to-earth tasks 
of presenting, perhaps, the growth of plants as 
influenced by fertilizers. It is a constant urge, 
this study of subjects that are so often not visible 
to the common eye — from the amazing depths 
of the sea to the awe-inspiring depths of space. 

One particularly important application of 
cinematography is in the analysis of rapid 



PROJECTOR SOUND HEAD. The principal units of sound pro- 
jection are: A, amplifier; B, reflecting prism ; C, rollers to press 
film against drum; D, sound drum; E, loudspeaker; F , exciter 
lamp; G, film; H, photo-cell. 

events. By using high speed cinematography 
at speeds of well over 1,000,000 frames per 
second, details too fast for the eye to see can 
be recorded. This cine technique is now being 
used increasingly in science and industry and 
has become an important technique of its own. 

In the medical world cinematography is 
employed for the making of training films. It 
is an ideal medium. Colour is of particular 
value here and even three-dimensional films 
have been attempted and found to be effective. 
Any surgical operations that are rare or have 
unusual features are photographed as a matter 
of course and these films are added to the 
valuable libraries that are being built up. By 
this means medical knowledge is being spread 
throughout the world. G.H.S. & J.C. 

S*e also: Back projection; Chronopholography ; Cine film 
processing; Cine films ( substandard ); Cine labora- 
tories; Cinema stills; Cine history; Cine terms; Electro- 
plane camera; High speed cinematography; Projection 
principles; Screens for projection; Sound recording: Splicing; 
Three dimenslona projection (3D); Time lapse photography. 

Books: How to Film, by G. Wain; How to Direct, by T. 
Rose; How to Use 9-5 mm. Film, by D. M. Neale; How to 
Make 8 mm. Films, by N. Bail; How to Use Colour, by 
C. L. Thomson; How to Choose Music, by F. Rawlings; 
How to Produce Effects, by J. Caunter; How to DoTrlcks, by 
J. Caunter; How to Cartoon , by J. Halas and B. Privett; 
How to Animate Cut-outs, by C. H. Barton; How to Script, 
by O. Blakeston ; How to Write Film Stories, by R. Harri- 
son; How to Edit, by H. Baddeley; How to Title, by L. F. 
Minter; How to Project, by N. Jenkins; How to Act, by 
T. Rose and M. Benson; How to Film Children, by N. 
Natkin; How to Make Holiday Films, by H. Baddeley 
(all London). 
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Accompaniment. Music and/or effects (often 
recorded on gramophone discs) which accom- 
pany the projection of a silent film and are not 
rigidly synchronized with the picture. 

Action Sketch. Rough drawing indicating a 
stage or series of stages of an action, used in 
the production of animated cartoons. 

Actuality. Film record of actual events, made 
without use of actors and without reconstruct- 
ing or interfering with the action in any way. 
Amplifier. Apparatus for increasing the strength 
of electrical impulses — e.g., to operate a loud- 
speaker or recording equipment. Generally it 
employs valves similar in type to those in a 
radio set. 

Anamorphic Lens. Type of lens used in the 
production and presentation of wide-screen 
films. In production, the lens fitted to the 
camera “squeezes” an extra wide angle of 
view on to normal 35 mm. film. In presenta- 
tion, the lens fitted to the projector “un- 
squeezes” the film image to fill a wide screen. 
Angle. Upward or downward tilt of the camera. 
Also refers to the field of view embraced by 
the taking or projection lens. 

Animated Viewer. Apparatus for the convenient 
inspection of film during editing; it provides a 
slightly enlarged moving picture and is more 
simple to operate than a normal projector. The 
speed of film travel is easily variable. 
Animation. Apparent movement of inanimate 
objects or drawings on the cinema screen. The 
word is also used for the art of creating such 
movement. 

Animation Board. Adjustable board for holding 
animation drawings in position while they are 
being photographed, e.g., in cartooning. 
Aspect Ratio. Shape of the screen image ex- 
pressed in terms of width relative to height. 
Normally this is 1 -33 to 1 but in the case of 
certain new presentation systems now em- 
ployed in the commercial cinema, the relative 
width tends to be greater — e.g., 2 -5 to 1 . 
Auto-Couplings. Method of arranging disc 
recordings so that the continuation of one 
side of a record is made on a second disc. An 
automatic record changer will then play the 
continuations in correct sequence. 

Back Projection. System of projection of films 
or slides, sometimes via a mirror, on to a 
translucent screen from the rear. It is com- 
monly used in professional motion picture 
production to provide location backgrounds 
for scenes which can be more conveniently 
filmed in the studio. It is also used occasionally 
for the presentation of complete films to the 
public, and has the advantage of not requiring 
a great deal of space in front of the screen. 
Backward Take. Recording of a scene with the 
camera running in reverse (or held upside 
down), commonly used for trick effects and in 
animation. Normal motion then appears in 
reverse on the complete film. 


Balancing Stripe. Second stripe applied to the 
opposite margin of a striped film to ensure even 
spooling. A stripe is a magnetic coating applied 
to the margin of a film and used to record sound. 
Beater (or Dog) Movement. One means of pro- 
ducing intermittent film motion in the camera 
or projector. An arm at the bottom of the gate 
digs at the lower film loop and lengthens it, 
thus pulling the film down through the gate. This 
arm sometimes has locating pins made in it 
to register in the film perforations. 

Big Close-up. Very close shot, taking in only 
a small area such as part of the human face 
to draw attention to minute details. 

Bin. Large receptacle into which film is allowed 
to fall while assembling shots or when running 
film through a viewer or projector. It takes the 
place of a take-up spool. 

Bin Stick. Wooden strip with pegs or clips 
on which pieces of film may be hung when 
editing, laid across the top of a film bin. 
Blimp. Case enclosing camera (or projector) to 
reduce mechanical noise. 

Blind Shots. Shots used at the beginning or 
end of a sound eff ect in which the origin of the 
sound is not seen. 

Bloop. Opaque, oblique line painted across a 
sound-track to obscure a splice or defect. 
Blooping Ink. Black, opaque ink which is quick 
drying. It is used for blacking out areas on 
film and particularly for painting over splices 
in a sound track to render them inaudible. 
Bracket. To move the head from side to side 
through a field of light. A device by which an 
actor can discover the position in which he is 
most strongly lit (felt when the light is hottest 
on the face.) 

Breakdown. Analysis of the film script in terms 
of scenes with the same locations, sets, proper- 
ties, etc. In this way it is possible to estimate 
production costs and determine the most 
practical order in which the scenes should be 
filmed. 

Bump In or Out. Instantaneous appearance or 
disappearance of a person or object during a 
shot. A common effect in animated cartoons. 
Business. Incidental action in a film (e.g., 
lighting a cigarette or cleaning spectacles) 
which is not strictly necessary from a story- 
telling point of view and is often introduced 
during rehearsals by the director or one of the 
actors. 

Call-Sheet. Written summons to attend a 
rendezvous for filming issued to actors and 
technicians. 

Camera Operator. Person responsible for the 
operation of the movie camera, as distinct from 
the lighting side of photography. In professional 
units and some amateur ones the operator 
works under the supervision of the lighting 
cameraman. 

Capstan. Drum or roller pulling wire or tape 
through a magnetic recorder. 
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Cast. Any excess-generally unwanted-of a 
particular colour colour picture. Collec- 
tively also the actors in a film feature. 

Cell Flash. Bright patch on film caused by 
reflection of fight from uneven surface of a 

citrifogd Governor. Device .using centrifugal 
force tokeep the motor speed of the projector 

Cells. Transparent sheets on which animation 

drawings are traced for cartooning. Cellulose 
acetate or colourless plastic is generally used. 
Change-over. Switching smoothly from one 
toC*tor to another at the end of a reel so that 
VietTjs no interruption in the picture on the 

Board. TyP® of take-board for sound 
filAA hinged fl«P is banged down on the 
Vper board make a synchronizing mark 
the sound *bck. 

Josc- U p. ahot in which the camera is, or 
'-ppears to be, very close to the subject. If the 
subject is a human figure a close-up would 
include head and shoulders only. 

Claw Movement. One means of producing 
intermittent film motion in the camera or pro- 
jector. The claw is a metal arm with teeth at 
one end; the other end is attached to a rotating 
disc which pulls the claw down while a link 
attached to the arm pulls the teeth into the film 
perforations and withdraws them as required. 
Continuity. Easy transition from one shot to 
the next and from one sequence to the next 
without awkward breaks or discrepancies. 
Continuity Title. Sub-title designed to tell part 
of the story, not shown pictorially, other than 
by direct quotation of speech. For example, 
“Fifteen years later”, or the classic, “Came the 
dawn”. 

Copy. Reproduction of a reversal or colour 
film duplicated from the original. 

Counterpoint. Use of sound to present an aspect 
of the story different from, but complementary 
to, that shown by the picture. 

Credit Titles. Printed list of the cast and techni- 
cal unit responsible for a film. It appears at 
the beginning, or less commonly at the end, of 
a film. 


Creep. Difference between the tape speed and 
capstan speed in a magnetic recorder, due to 
the effects of tension and elasticity. 
Cross-cutting. Alternation from one scene to 
another in editing so that two or more events 
are represented as taking place simultaneously. 
OystaJ Pick-up. Type of pick-up producing 
electrical impulses from a mineral crystal 
instead of a magnet and coil. It has an extremely 
high resistance. 

Cut. Instantaneous transition from one shot to 
another. Also the act of trimming and joining 
film shots together. 

Cut-Away. Shot that temporarily draws the 
spectator’s attention from the main action; 
e.g., a close-up showing the reaction of a by- 
stander to a street fight. 


Cutter. Person engaged in film editing. Usually 
an assistant who carries out the mechanical 
part of the operation. 

Cutting Copy, Cutting Print. Reversal or colour 
copy or a positive print used solely for editing 
purposes. The original or negative is cut to 
match it when editing is completed and is never 
projected, but carefully maintained as a source 
of subsequent prints. 

Direct Sound Recording. Recording of dialogue 
as it is spoken during shooting. 

Director. Person who is responsible for the 
creative side of production; he translates the 
script into a film and is in charge of the actual 
shooting. 

Disc Recording. Sound recorded as a spiral, 
wavy groove on a disc; the ordinary gramo- 
phone record. 

Dissolve. Gradual transition from one shot to 
another, the second being superimposed on the 
first at the point of transition. 

Documentary. Non-fiction film, often stating a 
point of view on some current topic. 

Dog (or Beater) Movement. One means of pro- 
ducing intermittent film motion. 

Double-8. Cinematograph film, 16 mm. in 
width but with twice as many perforations as 
16 mm. film. After processing it is slit and 
joined end to end to form a double length of 
8 mm. film for projection. 

Double Frame. One animation drawing photo- 
graphed for two frames instead of one. This 
either halves the speed of a movement or the 
number of drawings required for an action of a 
certain time. 

Dubbing. Re-recording of sound, e.g., from 
disc on to tape or film. Also a term describing 
the technique of replacing a sound track in one 
language with one in another language, whilst 
still retaining perfect lip synchronization. 

Dupe Negative. Picture negative prepared from 
a positive picture original and used for the 
production of married prints. 

Edge Numbering. Numbers printed at every 
foot along the edge of a negative film to facili- 
tate cutting of the negative to match the edited 
cutting print. 

Editing. Process of assembling the component 
shots of a film into their final order and then 
cutting them to their final length. 

Effects Box. Bellows or box-like attachment to 
fit in front of the camera lens. It acts as a lens 
hood and also holds masks (mattes) at 
various distances in f ront of : the lens for 
special effects. Alternatively known as matte 
box. 

Erase Head. Magnet or electro-magnet used to 
remove the varying magnetization representing 
sound recorded on magnetic tape, wire or 
stripe. 

Exciter Lamp. Lamp used to scan the sound 
track in a sound projector; it excites the photo 
cell. 

Exterior. Scene filmed out of doors. 
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Fade. Gradual darkening of a shot on the 
screen to complete blackness (fade-out) or the 
reverse effect (fade-in). 

Fading Glass. Strip of glass transparent at one 
end, gradually increasing in opacity towards the 
other. Passed across the lens while filming, it 
produces a fade. 

Fading Solution. Dye solution for making 
fades on positive, reversal or colour film. 

Fan. Device driven by motor to cool the lamp- 
house and film in the projector. 

Fast Motion. Special technique which produces 
abnormally fast motion by filming at a slow 
speed — e.g., eight frames per second, and pro- 
jecting at a normal speed — e.g., sixteen frames 
per second. 

Film Bin. Large receptacle into which film is 
allowed to fall while assembling shots or when 
running film through a viewer or projector. It 
takes the place of a take-up spool. 

Film Horse. Frame on which separate shots 
are hung in numerical order during editing. 
Flashback. Transition from present to past 
tense in film narrative, often conveyed in the 
form of a character’s recollections. The whole 
of that portion of the narrative which is related 
in the past tense is also known as a flashback. 
Flash-pan. Movement of the camera quickly 
away from the subject at the end of a shot so 
that a quick pan appears to lead straight into 
the next shot, no cut being apparent. 

Flash Frame. First frame or frames of a shot 
that are over-exposed due to the time lag in the 
camera motor reaching the correct speed. 
Flapover. Change in the title seen on the 
screen, effected by turning a card rapidly so 
that the reverse side is shown whilst the 
camera is running. 

Flicker. Failure of persistent vision; the picture 
is not evenly bright all the time. 

Flutter. Effect produced by very quick varia- 
tions in the speed of a sound recording medium. 
Similar to wow, but occurring as much faster 
irregularities. 

Frame. Single picture in the series printed on a 
length of cine film ; also the rectangular shape 
which bounds the viewfinder field of the camera 
and hence the picture on the screen. 

Frame Glass. Sheet of glass used in the produc- 
tion of animated cartoons to press down upon 
the cells and keep them flat dur ng filming. 
Frame Line. Narrow line or area between two 
frames. 

Framing. Adjustment of the gate mask on a 
projector to obscure the film perforations; also 
the positioning of the film in the gate to avoid 
the frame line showing. 

Gate. Component in camera and projector 
which holds each frame flat and momentarily 
still behind the lens. 

Gate Float. Unsteadiness in the moving picture 
due to irregular positioning of the frame in the 
gate. 

Gate Mask. Aperture defin ng the area of the 
film depicted on the screen. 


Governed Motor. Motor which runs a t a speed 
determined by a mechanical governor P 
Half Track. Magnetic coating, 4 ' in 
applied to a 16 mm. sound film to co Jer hair 
the optical sound-track. Optical and mametic 
sound-tracks can thus be used alternately The 
term is also applied to recordings on J} 
tape which occupy only half the width „r 
tape; in this way the other half of th e taDe can 
be used by turning it upside down. ^ t ' du 
Hold. Photography of one animation drawinc 
on several frames so that it appears st ju on th p 
screen; also used in scripts to indicate that the 
camera should continue to film a scene » 
though the action may have ceased. , : l ■ 
Hum. Unwanted low note produced 
A.C. mains supply or other low parasitic tJ 
uency enters the amplifier used for recording 
reproduction. It can be caused by induction 
insufficiently screened leads carrying the signv 
from the recording or reproduction unit to the 
amplifier. 

Humidifier. Device for introducing moisture 
into the cooling air in a projector. Also a 
moistened pad in film cans to prevent the film 
from becoming too brittle. 

Inching. Movement of film or magnetic tape 
sometimes in jumps, an inch or two at a time. 
It is usually done by manual operation of the 
projector or recorder so that a particular part 
of the film or tape can be quickly found or 
precisely located. 


Induction Motor. Electric motor which runs at 
a speed largely but not entirely determined by 
the mains supply frequency. 

Input. Electrical impulses or voltage supplied 
to an apparatus. 

Inserts. Shots, sometimes unscripted, such as 
close-ups of letters, newspaper headlines, 
clocks, etc., in which no actors appear. By 
their nature it is unnecessary for them to be 
taken in conjunction with other shots in the 
same sequence. 

Intercutting. Alternation from one scene to 
another in editing so that two or more events 
are represented as taking place simultaneously. 
Interior. Shot taken indoors. 


Intermittent. Film transport mechanism which 
advances the film one frame at a time — e.g., 
at 16 or 24 times a second. There are several 
types of intermittence — claw, dog (or beater) 
and Maltese Cross. 


Jitter. Uncontrolled movement in an animated 
cartoon. It is caused by faulty animation, 
tracing or camerawork. 

Key Line. Line of dialogue which reveals the 
heart of a story situation. 

Keys. An mation drawings of the principal 
positions in a movement. Keys are made of 
positions where any part of the figure stops, 
starts or changes direction. 

Keystoning. Distortion of the screen image 
(widening at top or bottom) when the projector 
is tilted. 
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Lap-dissolve. Gradual transition from one 
shot to another, the second being superimposed 
on the first at the point of transition. 

Leader. Strip of film at the beginning of a spool 
used for loading or threading into the camera or 
projector. 

Level Synchronization. Placing of synchronizing 
marks so that the record of a sound appears 
Immediately opposite the corresponding pic- 
ture. (As opposed to printing synchronization.) 
Library. Collection of stock shots which may 
be usef ul for cutting into future films. 

Light Box. Animation desk with glass drawing 
surface illuminated from below. 

Lighting Cameraman. Person responsible for 
the photography of a film. In some units an 
assistant operates the camera. 

Light Valve. Device for converting electrical 
impulses into corresponding fluctuations of a 
beam of light. 

Line Test. Sequence of pencilled animation 
drawings photographed and projected, usually 
in negative, to check the quality of the anima- 
tion, before proceeding with finished work. 
Llp-synchronlzation. Synchronization of sound 
with film, accurate to a fraction of a second, 
so that speech can be reproduced in syn- 
chronism with an actor’s lip movements. 

Live Recording. Recording of dialogue and 
other sound made while a scene is actually 
being filmed. 

'Location. Natural setting, usually out of doors 
ahd away from the studio, where shots for a 
film are taken. 

Long Shot. Shot in which the camera is, or 
appears to be, at a considerable distance from 
the subject. If the subject is a human figure it 
would occupy less than one-third of the height 
of the picture. 

Magazine. Special type of cassette for instan- 
taneously loading or unloading the camera in 
daylight. 

Magnetic Recording. Sound recorded as varia- 
tions in magnetization of a wire, or of particles 
in a coating on film or tape. 

Main Title. Opening title bearing the name of 
the film. 

Maltese Cross. One type of mechanism for pro- 
ducing an intermittent film movement. The 
cross which is mounted on the same shaft as a 
film sprocket serves to move the sprocket round 
by the space of one picture at a time. 

Married Print. Print of a sound film incorporat- 
ing both picture and sound track; i.e., a normal 
print of a sound film for projection. 

Master. Film from which release copies are 
printed and which is not itself used for pro- 
jection. 

Master Recording. Complete sound record, 
usually made on magnetic tape, from which 
the final optical or disc recording is later pre- 
pared. 

Master Shot. Shot covering the action of a long 
scene which is afterwards broken up by the 
insertion of close-ups, etc. 


C//V 

Match. Checking of two shots to make sure 
than one will lead smoothly into the next. 
Matte. Mask placed in front of the lens to 
blank out part of the scene. Mattes are avail- 
able in various standard shapes, a common one 
being that which simulates the effect of looking 
through a pair of binoculars. For more com- 
plex effects the masked area can later be 
exposed, using a different subject, while the 
originally exposed area is masked. 

Matte Box. Lens attachment in the form of 
bellows or a box with a frame to take masks 
(mattes) for split-screen and similar trick 
effects. Also known as effects box. 

Medium Shot. Shot which in effect is about 
midway between a close-up and a long shot. 
Microphone Howl. Noise produced when a 
microphone is too near the associated loud- 
speaker, resulting in acoustical feedback. 
Mid-shot. Shot which in effect is about midway 
between a close-up and a long shot. 

Mix. Gradual transition from one shot to 
another, the second being superimposed on 
the first at the point of transition. 

Mixing. Electrical combination of sounds or 
recordings so that they can be reproduced 
simultaneously through the one reproducing 
system. 

Modulation. Variation in an electric current 
induced by suitable equipment — e.g., a micro- 
phone. 

Monitor Speaker. Loudspeaker (usually small) 
indicating the volume and balance of sound 
being recorded or reproduced in another room. 
Montage. Process of creative editing. The term 
is also used to signify a series of dissolved 
shots, suggesting a passage of time, journey, 
etc. 

Narrow Gauge. Films and apparatus not of the 
standard 36 mm. type — e.g., 16 mm, 9-5 mm, 
8 mm. 

Neutral Density Filter. Neutral grey filter used 
to reduce the light passing through a lens with- 
out affecting its colour. With the relatively long 
shutter speeds used in cinematography, this 
is sometimes necessary to avoid over-expo- 
sure. 

Noise Level. Unavoidable noise produced by 
projector mechanism or by hum and other 
sources in the sound equipment. Reproduced 
sound must have a volume level considerably 
higher than the noise level for satisfactory 
quality. 

Non-sync. Recording reproduced without pro- 
vision for precise synchronization with the 
film. 

Notched Titles. Titles printed only on two or 
three frames and preceded by a notch in the 
edge of the film. On some obsolete projectors 
the notch trips a mechanism which arrests the 
film motion while the title is being read. 

Opticals. Dissolves, fades, etc, made by the 
processing laboratories on an optical printing 
machine after the scenes have been photo- 
graphed normally. 
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Optical Centering. Method of centering the 
film in the gate by moving the optical system 
instead of the gate mask. In this way the pro- 
jector need not be constantly re-aligned with 
the screen. 

Optical Effects. Dissolves, fades, etc., made by 
the processing laboratories on an optical 
printing machine after the scenes have been 
photographed normally. 

Optical Recording. Recording of sound photo- 
graphically on a sound track along one margin 
of a film. This track modulates the light passing 
through it from a special lamp, and the light 
impulses are electrically converted into sound. 
Output. Electrical impulses or voltage delivered 
by an apparatus. 

Overlap. Double thickness of film at a splice. 
Overlay. Transparent sheet on which part of 
the design for a title is drawn or painted. 

Pan. Movement of the camera from left to 
right or from right to left while taking a shot. 
Pan Blur. Movement of the camera quickly 
away from the subject so that a quick pan 
appears to read straight into the next shot, 
no cut being apparent. 

Parallel Action. Common form of film narra- 
tive in which events are represented as taking 
place simultaneously in different places by 
cutting from one to another. 

Participation Shot. Shot in which the spectator 
associates the camera eye with the eyes of a 
character in the story. 

Perforations. Holes in cine film by which the 
film is driven through the camera and projector. 
They are placed on the edges of 35, 16 and 8 
mm. film, and between the frames in the centre 
of 9-5 mm. film. 

Persistence of Vision. Inability of the human 
eye to separate individual images in rapid 
succession. This makes the illusion of movement 
possible in motion pictures. 

Pick-up. Instrument using a needle or stylus to 
follow the waviness in the groove of a gramo- 
phone record and so generate corresponding 
electrical impulses. 

Pilot Commentary. Shot by shot description of 
a film, recorded during screening as a timing 
guide for subsequent recording of commentary 
free from projector noise. 

Pinch Roller. Roller holding wire or tape in 
firm contact with the capstan of a magnetic 
recorder. 

Post-synchronization. Recording of dialogue 
and other sound after production so that it 
matches the already existing lip movements 
and actions in the film. 

Potentiometer. Electrical resistance with pro- 
vision for drawing of a variable proportion of 
the voltage applied to its ends. Usually takes 
the form of a circular casing with a projecting 
spindle. Rotation of the spindle moves a con- 
tact connected to the middle one of three con- 
nexions and so selects more or less of the 
voltage between the other two connexions. It 
is commonly used for volume and tone controls. 


Presence. Illusion of sound which, although 
coming from the screen, gives the impression 
of reality. 

Pressure Plate/Pad. Device to enable back- 
ground and cells for an animated cartoon to be 
photographed flat at even over-all pressure. It 
consists of a sheet of plate glass in a wood or 
metal frame hinged to the animation board. 
Beneath it is a pad of felt or several thicknesses 
of cloth, blotting paper, or sponge rubber. It is 
also a camera component holding the film 
accurately in the focal plane in the camera. 
Printing Synchronization. Placing of syn- 
chronizing marks so that the sound is twenty- 
six frames in advance of the picture, as required 
for printing and projection. 

Properties. Any portable articles appearing in a 
film, for example furniture, flowers, fountain 
pens and fishing rods. 

Proscenium. Surround to a stage or screen. It 
is often illuminated by concealed and coloured 
lighting. 

Quick Motion. Trick of filming with the camera 
running abnormally slow, so that when the 
film is projected at normal speed, the action is 
quicker than it was in reality. The opposite of 
slow motion. 

Racking. Alignment of the film in the camera or 
projector gate so that the frame line is correctly 
placed in relation to the sprocket holes or gate 
aperture. Incorrect racking when projecting 
causes the frame line to appear on the screen. 
Record-Playback Head. Electro magnet which 
serves either to produce or detect local magne- 
tization of the wire, tape or stripe in a magnetic 
recorder. 

Recording Level Indicator. Instrument showing 
when the recording impulses approach the 
intensity that would produce overloading — 
e.g., in a magnetic recorder. 

Reduction Gear. Mechanical means of reducing 
motor speed. 

Reel. Spool of film as used on the projector. A 
reel is also a measure of length, corresponding 
to about 16 minutes at silent speed of pro- 
jection or 1 1 minutes at sound speed (400 feet 
of 16 mm. or 9-5 mm., 200 feet of 8 mm.). 
Registration. Correct position of animated 
drawings in relation to one another and to the 
camera. Also the accurate superimposition of 
the separate images used in some types of cine 
film printing — e.g., colour. 

Register Pegs. Pegs fitted to a metal bar, 
designed to keep images on separate supports 
in correct register. The support has punched 
holes which correspond to the pegs. 

Register Pins. Device in camera gate to ensure 
that each frame of film is in exactly the same 
position as the preceding and following frames. 
This ensures good picture steadiness. 
Relational Editing. Editing of shots, which have 
no literal connexion with one another, in such a 
way as to suggest an association of ideas, as in 
a simile or metaphor. 

Retake. Repetition of a scene or take. 
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Reverse Action. Recording of a scene with the 
camera running in reverse (or held upside 
down) commonly used for trick effects and 
in animation. When projected, the film then 
shows events in reverse motion. 

Reverse Shot. Shot in which the camera’s 
viewpoint is almost exactly opposite to that of 
the previous shot. For example; a shot of A 
looking at B following a shot of B looking at A. 
Rewinder. Apparatus for winding film on to its 
spool ready for projection. 

Rostrum. Apparatus used in the production of 
animated cartoons, giving rigid support to the 
camera and animation board so that they do 
not alter position relative to each other in an 
uncontrolled way. 

Rough Cut. Preliminary re-arrangement of 
shots in editing before their lengths are 
accurately adjusted. 

Running Title. Long title which gradually moves 
up the screen so that the first lines of the title 
disappear from the top as others appear at the 
bottom. 

Run Out. In animation, to cause a line or shape 
to grow from a point. 

Rushes. Lengths of processed film which are 
usually viewed before editing by the director 
and unit immediately the film is returned from 
the processing laboratories. 

Saturation. Condition of a magnetic recording 
material in which an increase in recording 
impulse no longer produces a proportional 
increase in magnetization. 

Scene. Part of the action recorded on film with 
the camera running, or appearing to run, 
continuously. The term scene is sometimes 
used in a more general sense to describe any 
piece of action which appears to be continuous 
(i.e., is not divided by a lapse of time). 

Scenario. Story of the film in its final form from 
which the director works during production. 
It usually contains a detailed description of the 
action, shot by shot, together with settings and 
camera positions. Sometimes also known as a 
shooting script. 

Scraper. Portion of a splicer which scrapes off 
the emulsion leaving the film base ready for the 
application of the cement. 

Script. Story of the film in its final form from 
which the director works during production. It 
usually contains a detailed description of the 
action, shot by shot, together with settings 
and camera positions. 

Script Scene. Part of the action which, accord- 
ing to the script, may be recorded in a single 
shot although the director may often break it 
down into several. The word “scene” by itself 
is sometimes used in a more general sense to 
describe any piece of action which appears to 
be continuous (i.e., is not divided by a lapse of 
time). 

Sequence. Phase in the development of the film 
story, roughly equivalent to the chapter in a 
novel. 

Set. Artificially constructed setting used in a film. 


Shooting Script. Story of the film in its final 
form from which the director works during 
production. It usually contains a detailed 
description of the action, shot by shot, to- 
gether with settings and camera positions. 

Shot. Part of the action recorded on film with 
the camera running, or appearing to run, 
continuously. 

Single 8. Film stock 8 mm. in width as distinct 
from double run 8 mm. film which, before 
cutting, is 1 6 mm. wide. 

Single Frame Exposure. Exposure of one frame 
at a time instead of running the camera con- 
tinuously; a method used in animation. 
Single-system Sound Camera. Camera in which 
picture and sound are recorded simultaneously 
on a single film. 

Slipping Clutch. Device which allows auto- 
matic adjustment of the relative revolving 
speed of spools. 

Slow Motion. Trick of filming with the camera 
unning abnormally fast so that when the film 
is projected at normal speed, the action appears 
slower than it was in reality. 

Special Effect. Illusion either realistic (e.g., a 
snowstorm) or fantastic (e.g., a character 
rendered invisible) introduced into a film by 
means of technical trick work. 

Splice. Join between two pieces of film, or the 
process of joining film. 

Splicer. Apparatus for joining film. 

Split Track Recording. Method of indepen- 
dently recording several sounds side by side 
in the width of one normal track on magnetic 
tape or stripe so that the recordings are repro- 
duced simultaneously. 

Spoken Title. Dialogue rendered in the form of 
a sub-title. 

Sprocket. Toothed drum driving the film by 
engagement with the perforations or sprocket 
holes. 

Sprocket Holes. Holes in cine film by which 
the film is driven through the camera and 
projector. They are placed on the edges of 
35, 16 and 8 mm. film, and between the frames 
in the centre of 9-5 mm. film. 

Sprocket Modulation. Throbbing of the repro- 
duced sound due to the presence of sprocket 
holes close to the sound-track. 

Sound Drum. Comparatively large roller 
carrying the film in a projector at the point 
where the sound-track is scanned. 

Sound Head. Components in a sound projector 
or tape recorder that actually converts the 
recording into electrical impulses. 

Sound-Track. Photographic record of sound on 
film. 

Standard Fibn. Cine film 35 mm. in width. 

Start Marks. Marks on a film and a disc or tape 
so that the picture can be started in close 
synchronization with the sound. 

Stereophonic Sound. Reproduction of sound 
so that it seems to have depth and direction, 
even when the original source is moving— e.g., 
the sound of an actor’s voice actually moving 
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across the screen with the image. In principle it 
is very similar to stereoscopic photography. 
Still. Photograph of a scene from a film or a 
scene in the making; a normal photograph as 
distinct from a cinematograph shot. 

Stock. Cine film before exposure. 

Stop Action. Exposure of one frame at a time 
instead of running the camera continuously; a 
method used in animation. 

Story Board. Board to display the action and 
layout sketches of an animated cartoon in 
sequence. 

Straight Cut. Normal transition by cut as 
distinct from a dissolve or fade. 

Stripe. Magnetic coating applied to one or 
both margins of a film and used for recording 
sound. 

Stroboscopic Disc. Rotating arrangement of 
dark and light radial lines which appear 
stationary when illuminated by light flickering 
at a related frequency. 

Sub-Standard Film. Cine film less than 35 mm. 
in width— e.g., 16, 9-5 and 8 mm. 

Sub-Title. Explanatory wording commonly 
incorporated in a silent film either to replace 
dialogue or to bridge a gap in the story. 
Supersonic Bias. High frequency impulses 
mixed with the impulses to be recorded. This 
reduces the distortion of a magnetic recording 
system. 

Synchronization. Accurate co-ordination be- 
tween sound and its relevant picture. 
Synchronizing Mark. Reference mark enabling 
separate picture and sound record to be 
brought into step. 

Synchronous Motor. Electric motor which runs 
at a speed determined solely by the mains 
supply frequency. 

Take. One recording of a shot. One shot is 
often filmed several times and the best take 
selected. 

Take-board. Board on which scene numbers, 
take numbers, etc., are recorded and filmed 
before each take This information is of great 
use to the editor when subsequently identifying 
and assembling the scenes. 

Take-up. Reel or core winding up the film after it 
leaves the gate of the camera or projector. 
Tape. Narrow plastic or paper ribbon coated 
with magnetic oxide and used for magnetic 
recordings. 

Tempo. Impression of pace in a film created by 
the relative length of each shot within a 
sequence and by the speed of the action within 
a shot. 

Throw. Distance from the projector to the 
screen. 

Tilt. Up or down movement of the camera 
whilst taking a shot. 

Title. Lettering of any kind, either explanatory 
or in the form of dialogue in silent films. 

Title Cafd. Card on which the lettering is 
arranged or inscribed. 

Title Frame. Surround to ensure accurate 
alignment and centering of a title in filming. 


Tracking Shot. Shot from a camera that is 
travelling forwards, sideways or backwards. 
Often used to follow moving subjects. 

Trailer. Blank film at the end of a reel after the 
last shot; also short film of extracts used to 
advertise a forthcoming attraction. 

Travelling Matte. System used to combine 
selectively images on separate films so that 
they appear to have been taken on only one 
film at one time and place — e.g., an actor 
against a jungle background. It is normally 
achieved by making a series of silhouette masks 
from the original films and interposing them 
during the printing stage. 

Treatment. Story of a film in its preliminary 
form, visualized in pictorial terms but not yet 
worked out in technical details. The shooting 
script is compiled from the treatment. 

Trip Gear. Apparatus which enables single 
frames of film or a succession of single frames 
to be exposed at constant speed. 

Turret (Head). Rotating mount fitted to the 
front of a cine camera, which carries two, three 
or four lenses and possibly their associated 
viewfinders. The desired lens can be quickly 
brought into position by rotating the turret. 
Two-core Loading. Method of loading chargers 
which enables the film to be attached to the 
core in light. 

Twin-track Recorder. Magnetic tape recorder 
in which less than half the width of the tape is 
used at once so that interchange of the spools 
enables a second recording to be made on the 
same length of tape. 

Two-way. Apparatus consisting of duplicate 
sprockets mounted on a single spindle for 
running two lengths of film (picture or sound- 
track) in step with one another. 

Unit. Personnel engaged in making a film. 
Variable Area Recording. Optical sound record- 
ing in which the track consists of clear and 
opaque areas, the complementary widths of 
which vary from point to point along the track. 
Variable Density Recording. Optical sound 
recording in which the light absorption of a 
constant width track varies from point to point. 
Wild Track. Sound-track recorded indepen- 
dently of a picture and intended to be cut into 
the main track later. 

Wipe. Transition from shot to shot in which a 
line appears to pass across the screen pushing 
off the first shot and revealing the second shot. 
Work Print. Reversal or colour copy or a 
positive print used solely for editing purposes. 
The original or negative is cut to match it 
when editing is completed and is never pro- 
jected, but carefully maintained as a source of 
subsequent prints. 

Wow. Slow wailing effect produced by uneven 
movement of the recording medium during 
sound recording or reproduction. Often caused 
by uneven transmission in the motor drive. 
Zoom. Change in apparent distance between 
camera and subject, effected by a variable 
focus lens, during actual filming. T.R 
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CIRCLE OF CONFUSION. The average 
human eye cannot distinguish between a true 
point and a disc of a diameter smaller than 
0-01 in. (0-25 mm.) looked at from a distance 
of 10 ins. (25 cm.). In other words, any patch 
of light or shade with a diameter less than 0 01 
in. appears as a sharp point. This figure fixes 
the acceptable standard of sharpness, or 
“circle of confusion,” for a photographic print 
intended to be viewed from a distance of 10 ins. 
That is commonly regarded as the normal view- 
ing distance and is a suitable range at which a 
healthy unaided eye can look at things without 
fatigue. 

If the print is an enlargement, the negative 
will be generally very much smaller and will 
have to conform to a stricter standard of 
sharpness, and therefore a smaller circle of 
confusion. Again, while a contact print from 
the negative would generally be viewed at less 
than 1 0 ins., a poster-size enlargement would be 
viewed at a much greater distance. In each case 
the circle of contusion would have a different 
value. But at the proportionate viewing 
distances, the sharpness would appear the 
same. 

There are two ways of approaching this 
question : the first relates the viewing distance 
to a standard image perspective, the second to 
a standard degree of print enlargement. 

Viewing Distance. The first approach assumes 
that to see a contact print image in its correct 
perspective it must be looked at from a distance 
equal to the focal length of the camera lens 
that took the picture. We should therefore hold 
a contact print 4 ins. away from the eye if the 
negative was taken with a 4 ins. lens, 8 ins. away 
if the negative was taken with an 8 ins. lens, or 
2 ins. away if we used a 2 ins. lens. 

Another way of stating the same thing is to 
say that a picture taken with a 4 ins. lens must 
be enlarged 2\ times for correct viewing at 
1 0 ins. 

In this way the image subtends the same 
angle at the eye as the subject did when the 
photograph was taken. This is said to be the 
most natural way of viewing a picture. 

But if a print has to be viewed from less 
than 10 ins. the actual diameter of the circle 
of confusion must be reduced because at 
closer range the eye can observe smaller de- 
grees of sharpness. If the limited diameter is 


0 01 in. 10 ins. away, it will be only 0 004 in. 
from 4 ins. away and 0-002 in. from 2 ins. away 
(this case would call for a magnifier to observe 
the image). 

So a lens of 2 ins. focal length must have a 
circle of confusion five times smaller than a 
10 ins. lens, and a 4 ins. lens must have a circle 
of confusion 2i times smaller, and so on. 

In each case, however, the circle of confusion 
is 1/1000 of the focal length — i.e., 0 01 in. 
for a 10 ins. lens, 0-002 in. for a 2 ins. lens and 
0 004 in. for a 4 ins. lens. 

This is a satisfactory way of arriving at the 
circle of confusion of “normal” lenses where 
the focal length is approximately equal to the 
diagonal of the negative. The rule does not 
apply to close-ups where the distance between 
the lens and the plate is very much greater 
than its focal length. 

Scale of Enlargement. The above method of 
fixing the size of the circle of confusion assumes 
that every photograph is looked at from the 
distance that gives the right perspective. But 
this is not true. An 8 x 10 ins. enlargement from 
a negative taken with a 2 ins. lens would nor- 
mally be looked at from the customary viewing 
distance of 10 ins. The negative, in this case, 
would probably measure 1 x 1J ins. and be 
enlarged at least eight times. But for correct 
perspective viewing at 10 ins. a negative made 
by a 2 ins. lens must be enlarged only five times. 
An 8 x 10 enlargement should, in theory, be 
looked at from a distance of 10 x 8/5 = 16 ins. 
to give the correct perspective effect. 

Since people will insist on looking at big 
enlargements from too close a viewpoint, the 
“normal” circle of conf usion with a diameter of 
1/1000 of the focal length is not good enough. 
So for negatives that have to be greatly en- 
larged, lens makers tend to adopt circle of 
confusion diameters of 1/1500 or even 1/2000 
of the focal length. 

Long and Short Focus Lenses. Nowadays 
many cameras can be used with a range of 
lenses, some of longer and some of shorter 
focal length than the “normal” lens. A 35 mm. 
camera, for ifistance, with a “normal” lens 
of 2 ins. (5 cm.) focal length may use a tele- 
photo lens of 6 ins. (15 cm.) focal length, or 
greater. According to the rules of correct 
perspective, the negative taken with such a lens 
should be enlarged 10/6 = 1 -6 times. 



DEPTH OF FOCUS. Circle of confusion determines depth of focus. A cone of rays from the object point O meet at I after refraction 
by lens EF, and diverge again towards GH. Up to A B and CD (diameter of circle of confusion ) the blurring of I is too small to be 
noticeable the limiting distance D /s the depth of focus and represents the tolerance in the lens-image distance for sharp focus. 
Depth af field follows from analogous, though not identical, geometry. 
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SHARPNESS AND VIEWING DISTANCE. Top: A small en- 
largement must be viewed from nearer than a big scale en- 
largement (even if from only part of negative) for natural 
viewing perspective. Centre: The limiting blur or circle of 
confusion is smaller in a print viewed closely. Bottom: The 
more the negative is to be enlarged the finer must be the image 
resolution , since lack of detail becomes more apparent. 


In practice, of course, the telephoto lens is 
used to give a magnified image of a distant 
object, and the perspective is not considered 
at all. So the negative taken with a telephoto 
lens is enlarged by the same amount as a 
negative taken by a normal lens. 

By the same reasoning, the negative taken by 
a wide angle lens is enlarged on the same scale. 
In this way each lens shows its characteristic 
magnified, normal, or reduced scale of repro- 
duction for the same amount of negative 
enlargement. But only the normal lens will 
produce normal perspective; both long-focus 
and wide-angle lens pictures will show dis- 
tortion at the normal viewing distance of 10 ins. 

The final effect on the circle of confusion is 
simply this: all lenses intended to be used with 
the same negative size have the same circle of 
confusion, irrespective of their focal length. 
And the circle of confusion is in all such cases 
the same as the circle of confusion demanded 
for the “normal” lens for that negative size. 

So the circle of confusion chosen for any 
lens depends on the size of the negative it is 
to cover. If a 6 ins. lens is intended for use as 
a long focus lens on a miniature camera, it 
will have a smaller circle of confusion than a 
6 ins. lens intended for use as a normal lens 
on a 4 x S ins. camera. 

In the same way, the circle of confusion for 
a wide-angle lens is larger than when used as 
a normal angle lens on a smaller negative. 

This difference affects hyperfocal distance 
and depth of field values as well as the accept- 
able amount of blur in calculating shutter speeds 
to arrest movement, and tolerances in lens 
correction. 

Each case calls for three sets of values for 
each focal length of lens, depending on whether 


it serves as a normal, long f ocus, or wide angle 
camera lens for that negative size. 

For calculations it is still most convenient 
to relate the circle of confusion directly to the 
focal length of the lens. We can do that by 
multiplying the hyperfocal distance — for depth 
of field calculations — or dividing the subject 
distance — for shutter speed calculations — by 
the “power” of the long focus or telephoto lens. 
This is the ratio : 

focal length of long f ocus lens 
normal focal length for the negative size 

For long focus and telephoto lenses this 
factor is always greater than 1. 

With wide angle lenses the factor corres- 
ponding to the “power” of the lens is given by 
the ratio of: 

angle of view of wide angle lens 
angle of view of normal lens 

L.A.M. 

Sec also: Circle of least confusion ; Depth of field; Depth 
of focus. 

CIRCLE OF LEAST CONFUSION. Since no 
lens is perfect, the image of a point source is 
not a true point but a small patch of light, 
circular on the lens axis. As the lens is moved 
in and out of focus the patch varies in size. 
When the patch is at its minimum diameter, 
and the image, by implication, is in correct 
focus, the patch is then often described as the 
“circle of least confusion”. 

The concept of circle of confusion, and 
therefore circle of least confusion, is essentially 
theoretical, and is simply intended to be used 
as a basis for the ready calculation of sharpness 
requirements. It assumes that the image patch 
is an evenly illuminated disc, whereas in 
practical optics this is not so, and the over-all 
diameter is not, in itself, the sole criterion of 
definition. 

For example, a patch consisting of a bright 
central area with surrounding halo (such as 
frequently occurs behind the image plane, and 
therefore records objects behind that focused 
on) gives better definition than a patch of the 
same over-all diameter, but with a bright peri- 
pheral ring (such as frequently occurs in front 
of the image plane, and therefore records 
objects in front of that focused on). 

Such characteristics vary from lens to lens 
and determine the actual performance in 
practice. This covers the quality of a slightly out- 
of -focus image and therefore the actual depth 
of field, as well as the position of best focus. 

See also: Circle of confusion. 

CIRCUS. There are two principal reasons for 
regarding circus photography as a distinct 
subject and not merely as another type of 
theatre photography : the lighting comes mostly 
from directly overhead ; the audience encircles 
the performers. These factors largely govern 
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the choice of equipment and the best technique 
for taking photographs. 

The lig’ nng usually comes from above and 
tends to concentrated on the centre of the 
ring. Spo,..ghts are occasionally used from 
the side of the ring. There is rarely any change 
of colour or brilliance in the lighting from 
start to finish of the performance. 

Because the audience encircles the ring, 
there is a wide choice of viewpoint, but only 
certain positions are suitable for photography. 
The performers always play to the higher 
priced seats so the photographer should take 
care at least not to sit on the opposite side 
of the ring or he will get little but back views. 
A ringside seat will be too close tr take in much 
of the ring but it is useful for close-ups of 
individual items. Generally a seat next to the 
gangway and two or three rows back from the 
ring is the best compromise, and the photo- 
grapher can stand up if necessary without 
spoiling the view of the people behind. 

Camera. Practically any good camera with a 
lens of at least /3-5 and an eye-level viewfinder 
can be used for circus photography. A minia- 
ture camera with coupled focusing or a reflex 
camera with eye-level focusing gets over the 
difficulty of focusing by scale in the poor light- 
ing of the auditorium. Where the camera must 
be focused by scale, it is useful to remember 
that all circus rings are 42 feet in diameter. It is 
never possible to use such a small stop that the 
depth of field covets the whole ring. 

A lens of normal focal length covers most 
of the requirements of circus photography as 
the photographer is always fairly near the 
subject. Even a normal lens will not cover the 
whole of the ring from the second or third 
row, so a long focus lens is only necessary when 
shots are wanted of just part of the ring. 
A deep lens hood is advisable, more especially 
when the camera is pointed up for shots of the 
trapeze artistes. 

Exposure. For most shots the exposure should 
be made with the fastest shutter speed possible 
at the full aperture of the lens. Generally this 
will be about 1/100 second at /3-5. Slower 
shutter speeds may be used for acts employing 
the larger animals — e.g., bears, sea-lions, 
elephants. It is usually safe to double the 
exposure meter reading with circus lighting. 

There is no point in using anything but the 
fastest panchromatic material. 

With fast moving subjects, the fastest shutter 
speed possible under available lighting may be 
still too slow to arrest movement. In such cases, 
the exposure should be made at the “dead 
point” in the movement (e.g., when a trapeze 
artiste is at the highest point of his swing). 
The Subject. There are several kinds of subject: 
acts on the edge of the png (clowns) which 
call for fast shutter speed.; fast moving acts 
in the ring proper (equestrian items) which 
also need fast shutter speeds; slow moving 
animal acts (elephants, etc.) which can be 


shot at 1/50 second; trapeze turns which 
may be shot at 1/50 second by careful timing, 
and the spectators’ — particularly children’s — 
faces around the edge of the ring, for which 
exposures as slow as 1/10 second may often 
be used. Anything that takes place inside a 
cage is not worth trying for because the bars 
are invariably too distracting in the finished 
photograph. 

It is sometimes possible to get a seat at a 
dress rehearsal. This is a great help in establish- 
ing the most suitable viewpoint and technique 
for the real show. Failing this it is worth while 
making a preliminary visit with a notebook and 
no camera. 

It is perhaps unnecessary to point out 
that the photographer should always make 
sure that photography is permitted (it is 
often encouraged) and that under no circum- 
stances should any kind of flash photography 
be attempted. L.V. & F.P. 

See also: Ice rink: Theatre. 

ClTKlC ACED. Acid used in stop baths and 
fixing baths instead of acetic acid, also in 
toners and clearing solutions. 

Formula and molecular weight: 
(CH,CO z H),COHCO, H ; 192. 

Characteristics: Colourless crystals with 
intensive sour taste. 

Solubility: Very soluble in water at room 
temperature, soluble in alcohol. 

CIVIALE, AIMfi, 1877—1893. French army 
officer (g£nie). Perfected the paper negative 
process and used it in topography. His equip- 
ment for large composite panorama photo- 
graphs of the Pyrenees weighed 550 lbs. and 
required 25 men and mules for transport 
(1887-8). 

CLAUDET, ANTOINE FRANCOIS JEAN. 
1797-1867. French daguerreotypist bom in 
Lyon. Resided from 1827 in London as glass 
importer. Was one of the first and last to 
practise the daguerreotype process. Established 
a supply house for daguerreotype materials in 
partnership with G. Houghton. Claudet was 
also an early professional photographer (he 
established the second photographic studio in 
London, in 1841) and introduced painted back- 
grounds. Published in 1841 acceleration process 
for the daguerreotype. Introduced red light 
into the darkroom. He was one of the fore- 
most photographic scientists of this early 
period. He used in 1851 series of photographs 
for the synthesis of motion in the Phenakisti- 
scope. 

CLAYDEN EFFECT. Term for the partial 
reversal of a negative produced by giving the 
plate or film a very short exposure to an in- 
tense light before the normal exposure in the 
camera. 
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CLEANING PHOTOGRAPHIC VESSELS. 
Bottles and dishes that have become stained or 
dirty in the course of photographic processing 
can generally be cleaned with a solution of 1 
part of strong hydrochloric acid to 3 or 4 of 
water. This solution removes the lime deposited 
from hard water. It is this deposit that holds 
most of the chemical discoloration; when it is 
removed, the other impurities go with it. The 
solution must not be allowed to get on to the 
fingers, and the vessel should be well washed in 
clean water to remove the acid. 

Developer and fixer vessels often acquire a 
blackish deposit of metallic silver. This can 
be removed with nitric acid. Developer stains 
can also be removed by a strong solution of 
potassium permanganate or bichromate and 
sulphuric acid (as used in reversal processing); 
the brown stain is then removed with a 5-10 
per cent solution of potassium metabisulphite. 

Most deposits on dishes can be removed by 
the above methods, but stains which have pene- 
trated the surface of porcelain dishes indicate 
that the glaze is faulty. 

There are various ways of removing stub- 
born deposits from the inside of bottles, but 
most of them involve the use of abrasives or 
concentrated acids. Bottles are so cheap that it 
is rarely worth while using such extreme 
measures. 

If bottles and dishes are well rinsed under the 
tap and dried each time after use it is a simple 
matter to keep them clean. 

See aJso: Stains . 


CLEARING BATH. Any bath included in the 
processing of a negative or print to remove 
stains left by a previous operation. 

CLEAR SPOT FOCUSING. Otherwise known 
as aerial focusing. A method of focusing in 
which the ground glass image is dispensed with 
and the subject focused optically in a clear spot 
produced by cementing a microscope cover 
glass to the centre of the focusing screen with 
Canada balsam or oiling the glass to the 
ground glass with a drop of cedar wood or 
similar oil. 

CLERK MAXWELL, JAMES, 1831-79. Scot- 
tish mathematician, physicist and natural 
philosopher. 

See also: Maxwell, James Clerk. 

CLICK STOPS. Type of iris diaphragm 
control on camera and enlarger lenses which 
engages with a definite click at positions corres- 
ponding to the standard aperture settings. 
Lenses fitted with click stops can be stopped 
down by touch — e.g., in the dark — by counting 
the number of clicks felt or heard during move- 
ment of the setting ring from either end. 

CLINICAL PHOTOGRAPHY. Medical 
photography (other than radiography) of parts 
or the whole of the patient for diagnosis pur- 
poses of treatment, progress, etc. 

See also: Dental photography; Endoscopic photography; 
Medical photography; Ophthalmic photography. 


CLOSE-UPS 


Photographs of subjects which are too close 
to the camera to be focused by the normal 
camera focusing mechanism. Close-ups are 
taken by the use of double or triple extension 
where the camera is so equipped, an extension 
tube, or a supplementary lens. 

Camera Extension. The extension of the normal 
camera is governed by the length 6f the base- 
board or the range of movement of the lens 
mount. With practically all roll film and minia- 
tures this movement permits only a focusing 
range from infinity to about 3 feet. 

Field and other cameras which focus by 
racking the whole lens board forward or back- 
ward usually have a range of focusing move- 
ment as much as two, or even three times the 
focal length of the camera lens. This double 
or triple extension is used for really close-up 
focusing in copying and macrophotography. 

The object distance for copying to a given 
scale is given by the equation : — 

.. _ F(M + 1) 

M 

where u = Distance of object from lens 
F = Focal length of lens 
M = Scale of reproduction 


The scale of reproduction is always the ratio 
of image size/object size. 

If the image is smaller than the object, the 
scale of reproduction will be a reduction. For 
instance, if the object is four times as large as 
the image, the scale of reproduction is 0-25, or 
I /4, or 1 : 4. If the image is larger than the ob- 
ject, the scale of reproduction is greater than 1 , 
and represents a magnification. For instance, if 
the image is twice as large as the object, this is 
expressed as magnification 2 : 1, or 2/1, or 2. 

Example: the object distance for copying on 
a scale of 0-5 (a reduction of 1 : 2) with a 
6 ins. lens is: — 


The extension of the lens beyond the infinity 
setting is given by the equation : — 
d = FM 

Where d = Focusing extension in front of 
infinity setting 

F = Focal length of camera lens 
M = Scale of reproduction 
The total bellows extension needed is the 
focal length plus the extension beyond the 
infinity setting, i.e., d + F or F(M + 1). 
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For example, when copying on a scale of 0-5 
with a 6 ins. lens the focusing extension be- 
yond the infinity setting is: — 

6 x 0-5 = 3 ins. 

giving a total bellows extension of 9 ins. 

At such close quarters the object distance is 
measured from the front node of the lens. For 
a single lens this is approximately one-third to 
one-half the actual thickness of the lens behind 
the front surface. In practice it is not possible to 
guarantee sharp focus from calculation and 
measurement. The final adjustment is done by 
inspecting the image on the focusing screen of 
the camera. 

The scale of reproduction at any object dis- 
tance can be found from the equation: — 



where M = Scale of reproduction 
F = Focal length of lens 
u = Object distance from lens 
So for an object 24 ins. away from a 6 ins. 
I ens the scale of reproduction is: — 

24 ^li=°-33orl :3 

i.e., the image is one-third the size of the object. 

The scale of reproduction obtainable with 
the camera fnlly extended is: — 



where M = Maximum scale of reproduc- 
tion 

e = Total camera extension 
F = Focal length of camera lens 
For a double extension camera where e = 2F 
the maximum scale of reproduction is 1 : 1, or 
same size. For a triple extension camera where 
e = 3F, the maximum scale of reproduction is 
2 : 1 or 2 times enlargement. 

The image distance (total camera extension) 
at any reduction is the same as the object dis- 
tance at the corresponding magnification, and 
vice versa. Thus the image distance which gives 
a scale of reproduction of 0-33 (1 : 3) is the 
same as the object distance which gives a scale 
of reproduction of 3 (3 : 1 ) with the same lens. 

A double extension covers practically the 
whole range of normal close-up requirements 
while a triple extension brings the equipment 
into the realm of macrophotography. But while 
it is feasible, although expensive, to fit a double 
or triple extension to the bellows type of fold- 
ing camera, it is not a practical proposition 
with those which have focusing mounts, front 
cell focusing and other systems. So with such 
cameras — and those which in any case are only 
equipped for down-to-3-feet focusing — one of 
the methods described below must be adopted. 
Extension Tubes. These are simply distance 
pieces which are inserted between the lens and 
its mount to provide extra camera extension. 
Such devices can be used only where the camera 
lens is easily removed — e.g., by a quick screw 
thread or a bayonet mount. Since the diameter 


of the tube— specially for long separations — 
may approach the diagonal of the negative, 
the method is really only suitable for mini ature 
cameras. With 35 mm. cameras in particular, 
extension tubes are an excellent means of 
close-up focusing. 

Most of the classic miniatures list ranges of 
sizes of tubes made specially to suit the various 
lenses. The set of tubes, used in conjunction 
with the normal focusing movement of the 
lens, enables the subject to be brought pro- 
gressively nearer up to as little as 2 ins. (5 cm.) 
giving a maximum reproduction scale of 1 : 1. 

For some cameras adjustable extension 
bellows are available to take the place of tubes. 

To permit accurate focusing, reflex housings 
or focusing stages are provided for certain 
camera models and show the image on a ground 
glass screen. This is then replaced for the 
exposure by the camera but with the film plane 
in the same position as the screen. In some 
cases the extension tube takes the form of an 
adjustable extension focusing mount which 
may be coupled, by means of compensating 
prisms or wedges, to the camera rangefinder. 

For macrophotography the method is 
practicable up to magnifications of 1 0 x . 
Supplementary Lenses. Where the camera has 
only the normal focusing range, and the lens 
cannot be removed, or the camera is otherwise 
not adapted for extension tubes, close-up 

i m 
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CLOSE-UP FOCUSING. T op: The smallest image of an object is 
formed with the camera focused on infinity. Upper centre: 
Moving the camera lens forward focuses it at a nearer distance, 
giving a larger image. Lower centre: The image is larger 
still ( and the subject distance shorter) with the camera focused 
on infinity, but a supplementary lens placed in front of It. 
Bottom: The largest image and closest subject distance is 
obtained by moving the lens forward to its nearest focusing 
limit and adding a supplementary lens. 
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focusing can be carried out by adding a positive 
supplementary lens in front of the camera lens. 
This calls for no extra extension, although the 
effect is greatest when the camera lens is at the 
forward limit of its movement. 

When the camera lens is set to infinity, and 
a positive supplementary lens is fitted in front 
of it, the combination is focused on objects at 
a distance equal to the focal length of the 
supplementary lens, e.g., if a 24 ins. supple- 
mentary is added, whatever the focal length 
of the camera lens, the combined lenses will 
be sharply focused on objects 2 feet away. 

Various focusing aids are available for 
specific cameras in the form of distance gauges 
or close-up rangefinders to focus the subject 
accurately. 

The supplementary lens does not alter the 
marked values of the camera lens aperture, but 
if it is a simple, uncorrected supplementary, 
it degrades the performance of the camera lens. 
For this reason the camera lens has to be 
stopped well down if critical definition is 
required. 

Field Covered by Lens. The size of field covered 
at any distance is given by: 



where W - Width of field 

N = Width of negative 
M = Scale of Reproduction 
For instance, photographing on a scale of 
0-2 (i.e., a reduction of 1 : 5), the width of the 
field taken on the long side of a 4 x 5 ins. 
negative is 5/0-2 = 25 ins. and on the short 
(4 ins.) side, is 4/0-2 = 20 ins. 

Distortion. As the camera gets closer to the 
subject, the perspective of the picture it sees 
becomes more and more unpleasant when the 
print is viewed from a normal distance. There 
is no remedy for this; the viewpoint and the 
perspective have a fixed relationship. 

The more the subject approaches a single 
plane, the less the apparent distortion becomes 
— e.g., there is none in a close-up of a two- 
dimensional drawing, very little in a sculp- 
tured relief, but a great deal in a close-up por- 
trait where the sitter’s limbs extend towards 
the camera. There will therefore be less in a pro- 
file portrait than in a full-face, particularly if 
the sitter has a long nose or jutting chin. There 


will also be less in a photograph of a dog lying 
across the picture than if its head is much 
closer to the camera than its tail. And a child 
will have more normal proportions if photo- 
graphed from its own eye level than if the camera 
looks down on it so that its head is so much 
nearer — and larger in proportion — than its 
feet. These examples illustrate the general 
approach to close-up subjects to preserve 
natural perspective. 

Depth of Field. As the camera gets closer to the 
subject, the zone of sharpness shrinks closer 
and closer to the actual focused distance. The 
effect can be compensated for — up to a point — 
by stopping down the lens, but at close dis- 
tance a very narrow zone of sharp focus must 
be accepted as inevitable. As the depth of field 
thus decreases, depth of focus increases. 
Exposure. Where the camera extension is in- 
creased (by bellows or extension tubes) the 
marked lens aperture has to be increased in 
proportion to the increased lens-film distance, 
requiring extra exposure. In addition, a further 
exposure increase is necessary with near shots 
because the shadow areas become more im- 
portant when they are seen close at hand. 

When comparatively long camera exten- 
sions are used for taking close-ups, the rela- 
tive lens aperture (/-number) must be multi- 
plied by a correction factor to give the correct 
value for calculating exposures. This correction 
factor depends on the scale of reproduction: — 

True /-number = nominal /- number x 
(M -I- 1) where M is the scale of reproduction. 

When the scale is smaller than 0-1 (reduction 
more than 1 : 10) the error in the /-number is 
less than 10 per cent (one-fifth of a stop) and 
can be ignored. 

The Subject. Subjects f or close-up photography 
must be as nearly as possible in one plane if 
they are to be sharp because the depth of field 
at short distances is very small. On the other 
hand, the depth of focus increases and the 
image on the focusing screen changes only 
very slowly from sharp to unsharp during 
focusing. L.A.M. 

See also: Depth of field; Depth of focus; Extension of 
camera; Macrophotography; Optical calculations ; Photo- 
micrography; Supplementary lenses. 

Books: Amateur Photomicrography, by A. Jackson 
(London); Close Range Photography, by C. H. Adams 
(London). 


CLOTH PRINTING. Several processes have 
been developed for making photographic 
prints on woven material. 

See also : Fabric printing. 

CLOUD NEGATIVES. Cloudless views can 
often be improved by printing in clouds from 
a second cloud negative. Where the skyline is 
fairly straight, the procedure is quite simple. 
A selection of cloud negatives is useful. 


Simple Shading. First the landscape negative is 
enlarged in the usual way, but the sky portion is 
shaded during exposure with a card cut to the 
shape of the skyline. (It is generally wise to 
stick scraps of white paper on the margins of 
the holder to indicate the position or level of 
the skyline.) The card is kept moving slightly 
during the exposure to avoid a sharp edge. 

Next the cloud negative is inserted in the 
negative carrier and, with the orange filter over 
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CLOUDS BY COMBINATION PRINTING. I. Mark out skyline of 
landscape on a sheet of paper supported on glass platform 
just above the enlarger easel. 2. Cut out mask and countermask. 
3. fit mask and countermask together on platform, tape down 
outside edge. A. Fold mask out of way and expose paper on easel 
to landscape negative. 5. Bring back mask, remove counter- 
mask, and expose to sky negative. 



the lens, it is focused and brought into position 
over the same sheet of printing paper. (A 
rough sketch of the final effect aimed at is 
useful as a guide at this stage.) 

Finally, the sky area of the print is exposed 
while the previously exposed foreground area 
is shaded up to the level indicated by the guide 
marks on the paper holder. 

The cloud and landscape negatives should be 
alike in the direction of the lighting, viewpoint, 
and in the character of the daylight — i.e., 
season, time of day, weather, etc. The expo- 
sure times for each negative are best found by 
separate test strips. 

Masking. Where more complicated outlines 
are to be shaded, fairly accurate masks and 
counter masks are required. They are used on a 
masking stage consisting of a sheet of glass 
supported a little way above the paper holder. 
It is necessary to allow some space between the 
mask and the paper so that the image of the 
mask will be slightly blurred. 

The first negative is focused on the paper 
holder or baseboard, and a sheet of white but 
fairly opaque paper is placed on top of the 
glass above it. The outline of the image to be 
printed is then traced on the paper. The paper 
is then cut along the line. 

The two parts of the paper make up the 
mask and counter mask. They are fitted to- 
gether on the masking stage and the outside 
edge of each mask is taped or stuck down, so 
that each part can be either f olded back out of 
the way, or brought into position without 
having to be re-aligned. 

With the first negative correctly focused in 
the enlarger, the lower mask is folded out of 
the way, and the sky mask is folded down and 
held in position on the glass plate. The printing 
paper is inserted underneath the masking stage, 
and exposed. 

After the first exposure, the paper is left in 
position and both masks are f olded down on the 
masking stage. The orange filter is slipped over 
the enlarger lens and the second negative is 
inserted in the enlarger, and positioned so as to 
fit the outline of the counter mask. Finally the 
counter mask is folded out of the way, and the 
second exposure is made. 

Exposure times are found beforehand by test 
strips. 

Both negatives must be enlarged to the same 
degree. If there is any difference in scale, the 
shadow outlines of the two sides of the masks 
will not coincide on the printing paper. This 
discrepancy would produce either a white or a 
dark, uneven outline along the boundary of the 
two images. 

For more involved masking it becomes neces- 
sary to construct special masking boxes. These 
are made to hold the masks on one or two glass 
frames and to allow the printing paper or 
paper holder to be removed and then replaced 
in exactly the same position relative to the 
masks. L.A.M. 
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CLOUDS. The sky and clouds are often an 
important part of the scene that the photo- 
grapher wants to record, but unless he knows 
how to deal with them, they often reproduce as 
blank white paper in the resulting print. There 
are two reasons for this: 

(1) All black-and-white negative emulsions 
are more sensitive to light and medium blue 
than to any other colour, and 

(2) The sky is more often than not the 
brightest part of any outdoor scene. 

Good and Light. The greater the contrast 
between sky and cloud, the easier it is to 
photograph them, and the contrast varies 
according to the light and the type of cloud. 
Some clouds are much brighter than others; 
the brightest are the “ cotton wool ” cumulus 
clouds, and because they generally occur in a 
dark blue sky, they are the easiest type of cloud 
to photograph. Cumulus clouds are about 
twice as bright as the upper part of the low- 
level nimbus (rain) clouds which tend more to 
a grey tone. Half-way between those two 
types in brilliance, are the high, wispy cirrus 
clouds (mares' tails), but they usually have a 
very pale sky as background and therefore 
show very little contrast to the sky. 

The darkest part of the sky is always near 
the zenith but slightly to the north; the blue 
lightens towards both the sun and the horizon. 
Just above the horizon of a flat landscape or 



CLOUD TYPES. Left: Cloud formations and height of occur - 
rence. A, cirrus clouds. B, cumulus, going over into cumulo- 
nimbus on lower levels. C. nimbus. D, rain-carrying storm 
clouds. Right: Filters required to penetrate haze at different 
heights. E, Ultra-violet ( higher mountain regions). F and G, 
light to medium yellow ( low mountain regions). H, deep yellow 
to red (valleys and flat country). 


seascape the sky is almost white and clouds 
do not stand out from it. 

The direction of the lighting also influences 
the brightness of clouds. Front lighting pro- 
duces the greatest reflection towards the camera 
and therefore the greatest brightness. But 
what is gained in brightness is apt to be lost 
in modelling. The sun shining on clouds at 
an angle of about 45° — i.e., over the photo- 
grapher’s shoulder — produces both good 
modelling and bright clouds. 

Haze. In the course of the day, over-all 
contrast again varies considerably. The best 
time for photographing clouds and skies is 
between one and four hours after sunrise and 
from four o’clock in the afternoon up to about 
one hour before sunset. Atmospheric haze 
always tends to lower the contrast of the scene, 
and during the middle hours of the day there 
is much more haze in the atmosphere than at 
the beginning and end of the day. And there 
is also more haze in summer than in spring and 
autumn. The finest and clearest cloud for- 
mations are often found in April and May. 

There is far more haze in the air over the 
British Isles than in continental climates, and 
more over big cities than over country districts. 
The amount of haze diminishes with increasing 
altitude and disappears altogether at about 
6,000 feet in summer and 3,000 feet in winter. 
Film. The brighter types of cloud can be 
photographed satisfactorily against the darker 
parts of the sky on panchromatic film without 
the need for correction filters. 

Under similar circumstances, orthochroma- 
tic film, which is relatively more sensitive to 
blue, needs at least a pale yellow filter to 
subdue the blue and make it reproduce in 
darker tones. As only yellow and yellow-green 
filters can be used with orthochromatic film, 
pan film gives a wider scope for photographing 
clouds and skies. 

All the above factors influence contrast 
between sky and cloud, and by using a pan film 
and a suitable technique, the photographer can 
command any desired sky rendering. 

Filters. Medium yellow or green filters in 
normal conditions give a true rendering of sky 
tones; orange and red make them dramatically 
dark. At high altitudes a U.V. filter provides 
all the correction necessary ; even a pale yellow 
gives too much contrast. 

There are also graduated sky filters in which 
the tint deepens towards the upper half, and 
the lower half is quite clear. Such filters prevent 
over-exposure of the sky while leaving the 
landscape unaffected: they call for no increase 
in exposure. 

With colour film, the only filters that can be 
used are colourless U.V. filters and neutral grey 
polarizing screens. These darken the blue of 
the sky by cutting out the polarized light 
rays which are reflected principally from just 
above the horizon. In this case the effect must 
be studied either on a focusing screen, or by 
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looking through the filter and rotating it until 
it is in the position that gives the desired effect. 

Although all makes of films and filters show 
as many subtle differences as there are varia- 
tions in the colour of the sky, the table below 
will help to produce good results in most con- 
ditions. Judgment of the most suitable means 
to getting a desired result will come with ex- 
perience. 

FILTERS FOR CLOUDS 


Conditions Desired Rendering 

Natural Crisp Dramatic 


Hazy sky 

Medium 
yellow 
or green 

Dark 
yellow, 
green or 
orange 

Red 

Clear but little contrast 
(pile sky) 

Pale 
yellow 
or green 

Dark 
yellow, 
green or 
orange 

Red 

Blue sky with good con- 
trast 

Pale 

yellow 

Medium 
yellow 
or green 

Orange 

Very dark sky with 
brilliant contrast 

None 

Pale 

yellow 

Medium 
yellow 
or green 

The same above 6.000 
feet 1 

None 

U.V. 

Light 

yellow 

Sunset with blue sky ... 

Pale 

yellow 

Medium 

yellow 

Orange or 
red 

Sunset with red sky ... 

None* 

Palegreenorblue-green 

Black storm clouds 

None 

None 

None 


l Distant cloud photography not recommended during 
the middle of the day. 

’Light green filter with pan red film. 

This table is intended for panchromatic film material. 
With ortho film double the strength of filters, but use 
yellow ones only. 

Exposure. Correct exposure is vitally import- 
ant. Over-exposure eliminates the delicate 
nuances of tone between sky and cloud 
and gross over-exposure will even cancel out 
the effect of filters. The danger of over- 
exposure is greatest when photographing 





SUN AND CLOUDS. Side light gives Pest modelling, back light- 
ing shows greatest contrast, front lighting yields flat results. 



CLOUD ILLUMINATION. Left: Early morning clouds are 
delicate against a light sky. Centre: Midday clouds show more 
modelling against a darker sky. Right: Evening sky after 
sunset is graded in tone with brilliant backlit clouds. 

against the light, when clouds are brilliantly 
rim-lighted, but the landscape is usually in 
shadow. 

Under-exposure has the opposite effect and 
increases contrast between cloud and sky by 
darkening the blue tones. This effect can be 
exploited either by choosing a foreground 
object which appears in silhouette, or by 
lighting the foreground subject with flash. The 
flash exposure is calculated so that the sky is 
under-exposed by about two stops. This 
expedient is also useful with colour film. 

Clouds rarely stand still and 1/10 second is 
about the longest exposure that can be given 
safely. 

In the darkroom, a slightly over-exposed sky 
can be darkened on the print by shading; if it 
has been heavily over-exposed, it may be 
reduced with persulphate reducer. 

Excellent cloud effects — particularly at sun- 
set — can be created by photographing straight 
against the sun when it is partly hidden or 
even slightly veiled by cloud or mist. 

Very dark storm clouds which are not 
brighter but darker than blue sky present no 
problems. Normal photographic technique is 
all that is needed to reproduce them in their 
correct tones. Beautiful pictorial effects can 
also be obtained by waiting for the sun to 
break through holes in wind-driven storm 
clouds. 

Printed-in-Clouds. Combination printing can be 
used to print in a good sky from another 
negative in place of an unsuitable or over- 
exposed one. In this case the lighting and cloud 
type in the sky negative should be chosen to 
match the subject conditions. Clouds can also 
be painted in or reinforced by using an air 
brush. H.W. 

See also: Cloud negatives. 

Book: All About Taking Skies and Clouds , by H. Wolff 
(London). 
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CLUBS AND ASSOCIATIONS 


In 1852 the first photographic society in 
Britain was formed in Leeds. The second was 
the Photographic Society, now known as The 
Royal Photographic Society, founded on 20 
January, 1853; other early societies include 
Liverpool Amateur Photographic Association 
on 9 March, 1853, and Dublin Photographic 
Society — now the Photographic Society of 
Ireland — which dates from 8 November, 1854. 

The first affiliation of photographic societies 
took place in 1 892. During the next few years 
there arose in different regions a desire to 
control their own activities more closely and in 
1899 the Yorkshire Photographic Union was 
formed. This was followed by the formation 
of the present Northern Counties Photographic 
Federation in 1901 ; the Lancashire & Cheshire 
in 1905; the Midland Counties Photographic 
Federation in 1907; and the East Anglian 
Federation in 1910. During the complete 
reorganization in 1 930 when the Photographic 
Alliance was formed to co-ordinate all the 
Federations, the old affiliation of societies in 
areas outside the existing federations was 
renamed the Central Association. It was by 
the transfer of clubs from this organization 
that the Western Counties Photographic 
Federation was formed in 1932; the Scottish 
Photographic Federation (originally founded 
in 1903) was consolidated in 1946; the Welsh 
Federation in 1951, the Northern Ireland 
Federation in 1952, and the Overseas Federa- 
tion in 1954. The Federation of Cinemato- 
graphic Societies was admitted to the Photo- 
graphic Alliance in 1937. The thirteenth 
member is the North and East Midlands 
Photographic Federation admitted in 1955. 
The total number of clubs in affiliation in 
August 1 955 was 1 ,088. (In the U.S.A. there are 
over 1,500 photographic clubs, some loosely 
affiliated to camera club councils.) 

Aims and Organization. The work of each club 
is determined by its aims, facilities, and space 
available at its headquarters. In the larger 
societies there are darkrooms, studio space 
and equipment, and libraries of photographic 
books and journals available. The officers and 
committee in almost every photographic body 
are re-elected annually by nomination and a 
secret ballot. In the majority of clubs the 
president or chairman serves for two years. 

The annual or seasonal syllabus arranged in 
each society is usually planned to suit the 
majority of members and may include travel 
lectures illustrated by means of monochrome 
or colour transparencies, film strips or motion 
pictures ; demonstrations of photographic pro- 
cesses and talks on technique and apparatus. 
A number of clubs organize brains trust 
meetings, jumble sales of unwanted equipment, 
displays of home-made articles, and one-man 
shows of prints and transparencies at every 
weekly or fortnightly meeting. Monthly com- 


petitions are also arranged, and there are 
annual exhibitions open to the public. Many 
clubs also arrange outings and rambles, when 
members’ families and friends are always 
welcome. In large clubs the weekly meeting is 
usually devoted to some popular aspect of 
photographic work, while on other evenings of 
the week group meetings are arranged under 
the leadership of a specialist. 

The address of the local photographic 
society in any district can be obtained from the 
local library, the area education office, or the 
local newspaper. Or a letter to one of the 
national photographic journals will usually 
yield some information. There are also clubs 
which specialize in certain aspects of photo- 
graphy, such as natural history, architectural 
and stereoscopic work. Circulating postal 
portfolios are also popular with photographers 
unable to attend regular meetings. 

Throughout Great Briiain the average annual 
subscription is one guinea. 

Federations. The services offered to members of 
societies are greatly extended when the club 
is affiliated to its regional federation. The 
subscription fees payable by the local club to 
the district association (whose committee is 
elected or appointed by all the member 
societies in that group) depend on the costs of 
the services expected by all the local societies 
in the federation to which they belong. In the 
Central Association, the largest in the United 
Kingdom and covering an area of some 7,000 
square miles with an estimated population of 
about ten million, the membership fee is two 
pounds a year with a half -rate for junior clubs 
and schools. In return, the Association offers 
all its member societies over 180 lecturers with 
a choice of over 400 subjects, as well as 36 
judges; through the other federations in the 
Photographic Alliance local clubs may also 
draw on another 400 lecturers with a further 
1,000 talks and demonstrations plus the 
services of nearly 400 other judges and critics. 

Central Association members may participate 
in an annual exhibition from which the best 
entries are selected for submission to the 
annual Photographic Alliance Exhibition. 


BRITISH FEDERATION MEMBERSHIP 


Federation 



Number of 
Societies 

Central Association 



... 262 

Midland 



... 131 

Lancs, and Cheshire 



... 115 

Scottish 



86 

Yorkshire 



79 

East Anglian 



74 

Cine 



74 

Western 



65 

Overseas 



57 

Northern Counties 



50 

Welsh 



49 

North and East Midlands 



33 

Northern Ireland 



13 
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The Central Association has encouraged the 
formation of small area organizations including 
the Middlesex County Photographic Associa- 
tion; the Kent County Photographic Associa- 
tion; the South London Federation of Photo- 
graphic Societies; and the Buckinghamshire, 
Berkshire, and Oxfordshire Photographic 
Associations. Their activities are independent 
of the main body and their services include the 
organization of group club meetings to hear 
important speakers unable to visit every 
society in tum; inter-club competitions; 
regional annual displays and competitions; 
area conferences, and the compilation of lists 
giving the names of county judges and lecturers. 
Founding a Club. The foundation of a new club 
in any district should only be contemplated 
when no other society exists within a reason- 
able distance; two or more bodies drawing on a 
restricted potential number of members in one 
community will only reduce the prestige, the 
strength, and the value of both organizations. 

When, however, the establishment of a new 
society appears to be necessary, a preliminary 
meeting should be convened in an accessible 
public centre, preferably one which may 
eventually serve as a permanent headquarters. 
Town halls, church halls, libraries, local 
colleges or schools, professional or scientific 
centres, caf6s, or private rooms in hotels may 
all be approached and considered. Notices 
advertising the purposes of the meeting would 
undoubtedly be displayed on request by 
chemists, photographic dealers, newsagents, 
libraries, and schools; an open letter to the 
local newspapers would also provide publicity. 

After the meeting has approved the reso- 
lution that a photographic society be formed, 
a temporary committee should be appointed 
for the purpose of drafting the rules and fixing 
the subscription. The regulations* should be as 
few as possible; the revenue should be as large 
as possible so that good facilities may be made 
available to members. The income must be 
calculated to cover rent, lighting, heating, 


subscriptions to the regional federation, and 
the purchase of equipment. Standard and 
miniature size projectors are most likely to be 
needed, as well as a screen, even if no further 
apparatus is required for demonstrations, dark- 
rooms, and studios. The constant borrowing 
of equipment from members is to be strongly 
deprecated. Allowances may also be necessary 
for meeting lecturers’ expenses, the cost of slide 
cabinets and print screens, an easel, blackboard 
and reading desk, stationery, postages, and 
many other incidental expenses depending en- 
tirely on local circumstances. 

At the second meeting, members should be 
enrolled, the rules approved, a permanent 
committee appointed for a specified term, and 
a provisional programme of lectures an- 
nounced. At first it may be difficult to fill a 
programme as many lecturers may have 
accepted engagements six months or more 
ahead. In such cases some of the trade organi- 
zations may be willing to assist by sending 
postal lectures which can be read by members; 
local dealers may also be invited to give a talk 
or demonstration at short notice. 

If required, advice may be sought from the 
area federation or council, but it is not the duty 
of these unpaid officials and enthusiasts to 
nurse newly-formed clubs burdened with in- 
experienced or incompetent committees. 

In every society the aim should be to make 
the legacy for future generations of photo- 
graphers richer than the inheritance be- 
queathed from the past. Only through such 
a policy can photography become a force in 
the life of any nation. T.HJ. 

See also: Amateur Photography; American Society of 
Magazine Photographers; Association of Cine and Allied 
Technicians; British Film Academy; British Film Institute ; 
British Kinematograph Society; British Photographic 
Manufacturers Association; Federation Internationale de 
l* Art Photographlque; Institute of Amateur Cinemato- 
graphers; Institute of British Photographers; Photographic 
Alliance of Great Britain; Photographic Dealers Associi > 
tion; Photographic Society of America; Royal Photo- 
graphic Society; Society of Motion Picture and Television 
Engineers; Society of Photographic Engineers. 


COATED LENS. When light passes from air to 
glass, or from glass to air in a camera lens a 
small percentage is reflected back and where 
there are a considerable number of such sur- 
faces the loss of light may become consider- 
able. Perhaps more important than the loss of 
light is the fact that the reflected light, after 
possibly several internal reflections, eventually 
reaches the sensitive surface of the film in the 
camera as over-all light fog which has the effect 
of reducing the contrast. 

Such reflection losses in a lens can be 
reduced by coating (“blooming”) the lens with 
a thin, transparent film of, for example, 
magnesium fluoride. The coating should 
ideally satisfy two conditions: its refractive 
index must be such that light reflected from its 
upper (air-film) surface equals that reflected at 


its lower (film-glass) surface; its thickness must 
be such that the light reflected from its upper 
and lower surfaces cancels out (that is it is 
out of phase by half a wavelength).This gets 
rid of stray reflected light which normally 
degrades the photographic image. 

The loss of light at any one surface for 
normal incidence is given by Fresnel as: 

/ N, - N, \ * 

W + N J 

where N 0 is the refractive index of the first 
medium and N, of the second. Thus for a glass 
of refractive index 1 -5 and air (refractive index 
1) the loss is : — 



/ -5V 

U-5+ P 

\2-5/ 
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LENS COATING. Top: A normal lens reflects and scatters light 
at each surface. Bottom: Coating largely prevents this loss. 


Suppose now that a film of transparent material 
of refractive index N equal to 1 -25 is deposited 
on the glass surface. Light will be reflected back 
at each surface of the film; these will be: — 
/N, - N\* / N - N„\* 

Vn, + n; Vn + IV 

/ 1 *5 — 1*25\* , ^1-25 — IV 

\l-5 + 1-25/ + Vl-25 + 1/ 


= say 2 per cent. 

This is the saving when the thickness of the film 
is uncontrolled. By making the film of suitable 
thickness the two reflected rays from the upper 
and lower surfaces of the film can be made to 
interfere so that for rays of normal incidence 
practically no light is lost by reflection and the 
energy so saved increases the transmitted light. 

A glass surface coated with the correct 
amount of fluoride will transmit up to 99 per 
cent of the incident light. Thus a coated lens 
with eight glass-air surfaces can be given a 
transmission of 92 per cent, as compared with 
70 per cent of a similar non-coated lens. A. W.S. 


Se« also: Flare; Interference ; Lens manufacture; Trans- 
mission efficiency. 



ELIMINATING REFLECTIONS. A surface film causes reflections 
ot t/ie air-film and film-glass interfaces. With the right film 
thickness, the reflected rays go out of phase and interfere (e.g., 
C and D for ray A, and D and E for ray B), cancelling each 
other out, thus eliminating the reflections. 
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COBALT CHLORIDE. Used in certain 
metallic toners. 

Formula and molecular weight: CoCl 2 . 
6H.O; 238. 

Characteristics: Purple hygroscopic salt. 

Solubility: About 80-90 parts in 100 parts of 
water at room temperature. 

COHL, fiMILE, 1S57— 1938. French carica- 
turist (real name: Emile Courtet). Produced 
in 1908 the first cine film consisting of ani- 
mated drawings. 

COINS. Collectors and numismatists often 
find it necessary to take photographs of coins 
and medals either to illustrate an article or a 
catalogue, or for normal records. Often an 
enlarged photograph of the coin, taken in 
suitable lighting, lends itself to examination 
more readily than the coin itself. Suitable 
photographs can be made with all the normal 
types of camera. 

Equipment. There are three principal ways of 
tackling the subject depending upon the type 
of camera to be used. In each case, however, 
the most convenient arrangement is to mount 
the camera on a stand — e.g., in place of the 
enlarging head on an enlarger — so that it is 
looking down on the subject and can be easily 
set rigidly and squarely at any desired height 
from the easel. 

Ordinary folding and box-type cameras do 
not extend far enough to be able to f ocus the 
subject close up. The method here is to fit a 
supplementary lens in front of the camera 
lens. A lens of 12 to 18 ins. focal length is 
suitable for most work in this field. The camera 
focusing is set at infinity and the height of the 
camera is adjusted so that the lens/’subject 
distance is exactly equal to the focal length of 
the supplementary. In this case there is no need 
to make any aperture correction. The camera 
lens must be stopped well down to compensate 
for the uncorrected supplementary lens. 

Double or triple extension folding cameras 
present no difficulties. The height of the camera 
is simply adjusted until the image of the coin on 
the focusing screen is of the required size. The 
aperture of the lens must be corrected to allow 
for the close-up viewpoint. 

Cameras with removable and interchange- 
able lenses — e.g., miniatures and single lens 
reflex cameras — can have the extension in- 
creased as necessary by extension tubes. Focus- 
ing iD this case is done either by measurement 
or by focusing stage which allows a ground- 
glass screen to be substituted for the camera 
body while focusing the image. Here, too, the 
aperture value must be corrected for close-up 
working. 

A further alternative is available with one 
or two of the classical miniatures. This takes 
the f orm of a copying stand which supports the 
camera at a fixed distance above the table and 
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allows it to be used for close-ups with either 
extension tubes or supplementary lenses. 
Lighting. Some form of spot-light directed 
almost horizontally across the surface of the 
coin from a distance of about 3 feet will 
bring out the relief surprisingly well. Flat 
lighting is useless. 

The low angle of illumination naturally 
causes a shadow on the background at the far 
side of the specimen. This can be blocked out 
in the usual way on a large negative, but it is 
difficult with miniature negatives and in any 
case it is easier to avoid it altogether when 
making the exposure. 

This is done by photographing all coins on a 
sheet of glass supported about eight to ten 
inches above the work-table. If white paper is 
then placed below the glass, the result will be a 
shadowless picture, and the coins appear to 
rest on nothing at all. 

If it is desired to get a really black back- 
ground, the best material to use is a special 
paper called flock paper. It has a short pile, 
a little like velvet, and it reflects almost no 
light. It is rather difficult to buy, but a dealer in 
fancy papers for display purposes should be 
able to obtain it. 

For a white background the use of a sheet of 
glass above an illuminated sheet of white paper 
as already described is probably the most satis- 
factory method. 

Flaws. It is often necessary for certain details 
on a coin to be specially clear, for example, a 
line-flaw or the formation of a particular 
letter. Then the lighting must be carefully 
adjusted to show up the detail, while the 
image is watched on the focusing screen. To 
show a line-flaw clearly the light must strike 
the flaw broadside on. If the light is turned 
through 90° from this position, the flaw will 
be almost invisible. It might happen that two 
such flaws occur at right-angles to one an- 
other. Here, if the light is directed on each at 
about 45°, it will make both flaws at least 
visible, though not so distinctly as in the case 
of the single flaw. 

If the coin is of very bright metal which 
scatters the light, the image on the screen must 
be carefully watched while adjusting the light to 
cause the minimum scatter. 

A polarizing Alter is the ideal solution in such 
cases; the surface of the coin itself must not be 
dulled as this may easily ruin its “tone". 
Exposure. The best advice for those who con- 
template much coin photography is to stan- 
dardize the set-up. Use the same lighting unit 
at a fixed distance and always work with the 
same fine-grain film and developer. Then the 
only things which will alter the exposure will 
be the amount of reduction and slight varia- 
tions in the tone of the coins to be photo- 
graphed. 

Make a few trial exposures at various reduc- 
tions with the lens at a fixed aperture and after 
making any necessary corrections, construct a 



SET-UP FOR COINS. The coin lies on a glass plate supported 
about 2 ins. above the enlarger baseboard. The camera is 
mounted on the enlarger column. A low spot lamp shining 
obliquely across the coin provides relief illumination to pick 
out the surface detail and inscriptions. At the same time it 
also illuminates the background. 


table of exposures for each ratio of reduction 
likely to be used. 

When using an extension to the lens for 
close-ups the / values for the particular lens 
do not hold good. Although these altered 
values can be calculated, the trial exposure 
method is usually the most satisfactory and 
instructive. 

Depth of field is not a serious problem. 
Sufficient depth combined with the best defini- 
tion will usually be obtained with a good 
modem lens by stopping down about half-way. 
But when copying at natural size (1 : 1) or 
magnifying, it is best to stop right down. 
Showing Both Sides. It is very desirable to 
show both sides of a coin side by side. Ob- 
viously two separate negatives can be taken, 
and the two negatives printed on the same sheet 
of paper. This will be the easiest method for 
most amateurs. 

With a miniature camera taking 35 mm. film, 
there is a way of producing both sides of a coin 
on the one negative. 

Choose a ratio of reduction so that the 
focused image can be made to occupy a little 
less than half the negative area and to lie close 
to one side of it. Make the exposure and 
wind on the next frame. Then turn the coin 
over, place it so that the new image is next to 
the frame previously exposed, and make the 
second exposure. 

The film strip is afterwards cut up into 
normal-size frames by cutting through the 
middle of the frame so that the two sides of 
each coin appear side by side with a dividing 
line between them. 

Using Casts. It is often necessary to reproduce 
both sides of several coins, all on one negative. 
The only successful way to do this is to use 
casts. These are made by taking impressions 
of both faces of the coins in wax from which 
plaster casts are then made, one for each side. 
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Casts have so many advantages that they 
are used for the production of all the best 
photographic plates of coins, both in coin 
text-books and coin auction sale catalogues. 

Among their advantages are: both sides of 
any number of coins can be taken together; 
as the casts are of a uniform colour the result- 
ing photograph shows all the coins in a uni- 
form tone; the original coins may have been 
unevenly toned or are badly stained, but the 
casts taken from them do not show these 
defects. C.W.P. 

Book: Close Range Photography , by C. H. Adams 
(London). 

COLD CATHODE LAMP. Tubular fluore- 
scent light source used principally in enlargers 
where its low working temperature is a great 
advantage. The tube is bent to form a grid 
which covers the whole negative area and gives 
such a uniformly distributed light that no 
condenser is required. 

Cold cathode enlarger lighting is particu- 
larly suitable for plate sizes of quarter-plate and 
over, and the small amount of heat generated 
makes it possible to reduce the lamphouse to 
nothing more than a shallow box. 

There are cold cathode attachments for 
fitting to the back of a plate camera to convert 
it into an enlarger. 

One attraction of this form of enlarger 
illumination is that the light is principally com- 
posed of actinic rays so that the focused image 
and the image forming rays coincide more 
exactly than with a light of lower colour tem- 
perature. Another advantage exists in so far 
that condensers are not required to obtain even 
illumination, and so a range of different focal 
length lenses can be used in the enlarger with- 
out making adjustments or changes in the 
lamp housing. 

The principal disadvantage of this light 
source is its high working voltage which calls 
for a special transformer. 

COLD WEATHER. Weather around freezing 
point creates its own particular problems for 
the photographer. At the same time modern 
camera equipment is designed to stand up to a 
wide variety of climate and weather and 
generally speaking gives little cause for com- 
plaint in anything short of polar conditions. 

Sluggish shutter action is the biggest problem 
in cold weather, but it is not likely to become 
noticeable until the temperature is several 
degrees below f reezing point. 

So this trouble rarely occurs in most of 
Britain, although it may call for attention in 
the north of Scotland. In parts of the Continent 
and in the mountainous areas everywhere, low 
temperatures are more common and may slow 
down the shutters of the best cameras. Even 
then the photographer will usually find that 
sluggishness begins only after the camera has 
been exposed for a while. 


Focal plane shutters are affected just as much 
as the diaphragm types. Fabric shutters are 
more likely to be affected than metal ones. 

Some parts of the camera suffer more than 
others. The bellows may tend to harden at low 
temperatures and the only reliable way of 
keeping them flexible is to avoid leaving the 
camera extended in the cold air for longer than 
necessary. 

Condensation. Condensation on the lens is one 
of the biggest nuisances in cold weather photo- 
graphy, especially in Britain and similarly 
humid climates. It is always wise to check the 
condition of the lens before using the camera 
and to wipe the lens gently if it shows any trace 
of moisture. 

Condensation is apt to occur whenever warm, 
moist air comes into contact with a cold surface. 
It does not occur when cold air comes into 
contact with a warm surface. So the risk of 
condensation on the lens is always present 
when the camera is cold and is brought into 
contact with warm air. This means that a 
camera can safely be taken out into the cold air 
and no condensation will occur. But when it is 
returned to the case, slipped into the pocket 
or under the coat, or brought into a warm 
room, moisture may form on it. The next time it 
is taken out, the lens may be misted over and 
incapable of recording a sharp picture. Wiping 
it gentle with a piece of absorbent cloth or 
lens tissue is all that is needed. 

When the camera is finally brought back 
indoors after a session out in the cold, moisture 
will again tend to form on it. This condensation 
will evaporate as the camera rises to room 
temperature, but until it does so, it should be 
left open in the warm air or it may remain damp 
after it is put away. A useful way is to place 
it in a tin with activated silica gel. 

Fingers are a separate cold weather problem ; 
anything that keeps them warm and alive is 
apt to impede their action. It is difficult to 
manipulate the camera when wearing thick 
gloves, but a pair of cotton gloves under wool 
mittens will usually solve the problem. This 
arrangement allows the fingers their freedom 
and provides a reasonable degree of warmth. 
Camera. If the camera is kept in a warm-lined 
leather case it should remain in workable 
condition, even when the temperatures are 
low. If possible, carry the camera inside the 
overcoat or jacket until it is required for use. 
This precaution will ensure that the camera will 
be in good working order in the coldest weather 
likely to arise in the temperate climates. 

A camera with an all-metal body chills 
more rapidly in cold weather than the con- 
ventional leather or plastic types and it is also 
more unpleasant to handle. For this reason, a 
wooden tripod is similarly preferable to a 
metal one. 

Although no one kind of camera is techni- 
cally superior to any other for cold weather 
photography, the most practical is probably the 
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twin-lens reflex; it is reasonably small and can 
therefore be carried quite easily under clothing; 
it is light — an important matter when walking 
on ice or in snow where after a while every item 
of equipment seems to increase in weight at 
every step. Furthermore, with a reflex camera 
there is no worry about exposed bellows and 
it can be manipulated quickly — a big factor in 
cold weather, when exposed fingers can quickly 
become stiff and painful. Finally the twin-lens 
reflex uses roll film which is by far the most 
convenient form of sensitive material for cold 
weather work. Some photographers do, how- 
ever, prefer 35 mm. miniature cameras. 
Sensitized Materials. Plates are not technically 
inferior to roll film for cold weather use, but 
films are easier to handle, lighter to carry and 
modem fine grain films are so good that for 
most purposes there is nothing to choose 
between the quality of an enlargement from a 
small film and the equivalent contact print 
from a plate negative. 

Low temperatures have no ill effect on 
sensitized material, in fact very cold weather 
tends to preserve their qualities. Panchromatic 
materials are generally to be preferred to ortho- 
chromatic for cold weather photography 
because of their greater sensitivity to light in 
the red region, which is usually prominent 
when the sun is low in the winter sky. 

Loading and unloading of films presents no 
serious snags in cold weather — so long as it 
is carried out under some form of shelter if 
there is any risk of powdered snow or ice being 
blown into the open camera by the wind. 
Generally it is enough to shield the camera with 
the body or under the coat. It is also important 
not to breathe on the back of the lens when 
changing the film. Film material gets brittle, 
and may snap if coiled too tightly. 

Filters. Yellow filters are the most useful for 
the cold weather photographer. In snow scenes, 
in particular, the deep yellow filter assists in 
intensifying shadows in weak winter sunlight 
(thus giving greater contrast between snow and 
shadows) and emphasizing the brilliance of the 
snow. And a filter helps to improve the defini- 
tion of distant scenery by cutting out the 
atmospheric haze so often present in winter 
landscapes. 

As a correcting filter, the pale yellow or 
ultra-violet filter is ideal when exposures have 
to be kept short, but otherwise a medium yellow 
will be found to be of more general service. 
This yields abundant correction, sharply 
defines clouds, and gives a very close approxi- 
mation to correct tone rendering. With pan- 
chromatic films a medium yellow filter requires 
only a two times increase in exposure. 
Exposure. An exposure meter should always 
be used when working among snow and ice. 
Light values under such conditions can be 
extremely deceptive and are frequently very 
much stronger than they appear even if there 
is a lot of mist about. Moreover, the light can 


change quite rapidly. In snow scenes, when the 
sun is shining, the light can be so intense that 
it is beyond the range of the exposure meter. 
At such times, it is advisable to stop down as 
much as possible, and it is as well to make 
sure that the lens diaphragm can be set to 
give a very small stop. (With many lenses the 
smallest stop allowed for is only /1 6 which 
may be too large under such conditions.) 

A lens hood is at all times an advantage, but 
when photographing snow or ice in sunshine 
it is absolutely essential if the negative is not 
to be fogged or degraded by stray reflected light. 

Some of the most beautiful effects are ob- 
tained when one shoots against the sun ; in fact, 
texture of snow can only be recorded this way. 

Often it is wise to vary the exposure on 
either side of the meter reading because of 
deceptive light. Any serious photographer 
should budget for such multiple shots. 

Low Temperature Development. Development 
should only be carried out at low temperatures 
when there is no other way out. Low tem- 
peratures give inconveniently long development 
times with practically all developers. 

A high speed developer should be used to 
keep the development time as short as possible. 
The Kodak SD-22 formula is specially suitable 
for work at low temperatures: — 


Stock Solution A 

Sodium bisulphite ... ... 4 ounces 

Diaminophenol chlorhydrate II ounces 

Pyrocatechin I| ounces 

Benztriazole 35 {rains 

Water to make 40 ounces 


100 grams 
40 grams 
40 grams 
2 grams 

1,000 c.cm. 


Stock Solution B 
Sodium hydroxide ... 
Potassium bromide ... 
Potassium iodide 
Water to make 


5 ounces 125 grams 

... 350 grains 20 grains 

... 70 grains 4 grams 

... 40 ounces 1,000 c.cm. 


For use take 1 part each of A and B, and 2 
parts water. The mixed developer does not 
keep. 

At temperatures below 0° C. an anti-freezing 
agent such as glycol must be used to stop the 
solution from freezing. The glycol may replace 
part or all of the water used in diluting the 
developer. The lowest useful development 
temperature under these conditions is about 
0° F. (— 18° C.). 

Fixing and Washing. As long as the solutions 
are above the freezing point of water, these 
operations should present no difficulty, as 
fixation and elimination of the fixer chemicals 
will still take place at quite low temperatures. 
The chemical action is of course slower, and 
longer times must be allowed. 

To speed up fixation at low temperatures a 
rapid fixer based on ammonium thiosulphate 
may be used. 

At temperatures below 0° C., glycol may be 
added to the fixer to prevent freezing. The 
washing water may be treated similarly, but 
washing is best carried out : . changes of water 
to reduce waste of glycol. 
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Drying takes considerably longer, too, and 
there is a risk of the water freezing on the film. 
To counteract this and to save time, the nega- 
tives may be soaked in 80 per cent methylated 
spirit (preferably the colourless industrial 
variety) before drying. D.L. 

See also: Polar photography. 

COLLODIO-CHLORIDE PAPER. Variety of 
printing out paper in which collodion replaces 
gelatin. It was popular in the middle of the last 
century. 

See also: Papers ; Sensitized materials history. 

COLLODION. Transparent and viscous fluid 
used as the vehicle for the sensitive silver 
salts in the wet plate process. It consists of a 
solution of pyroxyl in equal parts of alcohol 
and ether. Also used for coating collodio- 
chloride (print-out) papers and for giving a 
high gloss (enamelling) to the surface of prints. 


COLLODION PROCESS. The collodion (wet 
plate) process was invented by F. Scott Archer 
in 1848; it is still used today by process 
workers in photomechanical reproduction 
for making the negatives for line and half- 
tone blockmaking. In this particular industry, 
wet plates have a number of advantages: they 
have a very fine grain, good contrast, and they 
can be processed quickly and dried off by heat. 
They are also easy to intensify and reduce, but 
their sensitivity is low — only slightly faster than 
bromide paper. 

To prepare them a clean glass plate is coated 
with iodized collodion and sensitized with a 
solution of silver nitrate and potassium iodide. 
The plate is exposed in the camera while it is 
still wet, and developed in an acid developer — 
e.g., a 2 per cent solution of pyrogallic acid in 
30 per cent acetic acid. Either sodium hypo- 
sulphite or potassium cyanide solution may be 
used as a fixer — the cyanide solution can be 
washed out by merely rinsing under the tap for 
a minute; the hypo takes longer. 


Wet plates can be dried off very quickly by 
direct heat. They are reduced when necessary 
in a cyanide and iodine reducer and intensified 
to any degree in a lead nitrate and potassium 
ferrocyanide solution. 

S« also: Sensitized materials history. 

COLLOID.' Name for any of that class of sub- 
stances — e.g., albumen, caramel, glue and 
starch — which when dissolved in water will not 
diffuse through a parchment membrane. The 
colloids mentioned above are used in photo- 
graphy in various ways. 

COLLOTYPE. Photomechanical process in- 
vented by Poitevin in 1855. It is still used for 
reproducing exceptionally delicate detail in 
monochrome and for short runs of a few 
thousand of colour work. It gives beautiful 
results with little perceptible grain structure. 

A sheet of ground glass is coated with 
bichromated gelatin and dried in an oven so 
that the surface of the gelatin develops a 
reticulation grain of exceedingly fine wrinkles 
over the whole surface. After exposure to a 
continuous tone negative which selectively 
hardens the gelatin, and after a short general 
exposure through the back (hence the need for 
glass), the bichromate is washed out of the 
coating and the plate is treated with a solution 
of glycerine which renders it selectively hygro- 
scopic in the less hardened areas. 

The plate is then rolled up with a greasy 
lithographic ink which takes best in the areas 
containing the least water. This provides an 
ink image which is printed upon paper. 

The main advantage of collotype is the 
minutely fine and asymmetrical nature of the 
reticulation grain which is excellent for re- 
producing delicate detail and, in particular, 
regular detail such as roof tiles, fabrics and the 
regular textures of geological specimens and 
steel engravings. These regular patterns tend 
to “clash” with a half-tone screen formation 
and produce an ugly interference pattern 
commonly known as “moire”. 


COLOUR 


Most people know that white light is a 
combination of all the other colours. A glass 
prism will split up a ray of white light into 
a pattern of coloured bands known as the 
spectrum, and under the right conditions, 
raindrops will do the same thing; the spectrum 
in this case is, of course, better known as a 
rainbow. 

rhe Spectrum. The colours of the spectrum are 
divided into bands of red, orange, yellow, green, 
blue, indigo, violet — in that order. These 
colours are visual sensations brought about by 
electro-magnetic waves of varying lengths. The 
wavelength is measured in Angstrom units; one 
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Angstrom unit is equal to one ten-millionth of 
a millimetre and is usually written 1A. 

Our eyes can see light of wavelengths be- 
tween about 4,000 A — violet — and 7,000 A — 
red. Above and below this visible spectrum there 
are so-called invisible radiations — ultra-violet 
which has a shorter wavelength than violet, 
and infra-red which has a longer wavelength 
than red. But it is only the visible rays that 
have to be considered in normal colour photo- 
graphy. 

Things appear coloured when they have the 
property of absorbing light of certain wave- 
lengths and reflecting the remainder. When the 
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mixture of coloured light making up white 
falls on a red geranium, the red light is reflected 
back and the blue and green light are absorbed 
and lost, so that the flower looks red because 
only the red light reaches our eyes. Blue glass 
looks blue because it allows only light of the 
short wavelengths to pass through it, the light 
of longer wavelengths (green and red) being 
absorbed. 

How the Eye sees Colours. The human eye can 
be easily compared to a camera; it has a lens to 
produce the image, an iris for controlling its 
brightness, and it can bring objects at all dis- 
tances into focus on the sensitive surface at the 
back of the eyeball. The sensitive surface, 
called the retina, is equipped with cells which 
are light-sensitive and correspond to the photo- 
graphic emulsion. These receptors are of two 
main sorts, “rods” and “cones” (so called 
from their shapes). When an image falls upon 
them, they send impulses along the optic nerve 
to the brain which then experiences the sensa- 
tion of sight. 

Scientists do not yet agree about how we see 
in colour, but the theory that seems to fit the 
facts best is that the receptors form three 
separate systems. Each system responds to 
about one-third of the spectrum. One set 
reacts to violet and blue light, one to green and 
yellow, and one to orange and red. These 
divisions overlap so that, for example, yellow 
light stimulates a proportion of both the green 
and the red systems of receptors. The brain 
then interprets this joint message to mean 
yellow. 

Again, when a beam of pure green light falls 
on a white screen, what we see is a green patch 
(for white reflects all colours), and with a pure 
red light we see a red patch. If both lights shine 
on the screen at the same time it will look 
yellow. According to the theory this is because 
both the green and the red receptors are stimu- 
lated, so that the brain receives impulses from 
both. As this is exactly what happens when we 
look at a yellow object, the theory fits the 
facts. 

Effect of Viewing Conditions on Colours. The 
colour we see will depend on the lighting con- 
ditions of the scene as much as the actual 
colours of the scene. 

The quality of the light, i.e., its spectral 
composition, will affect the colour — obvious 
examples are the sodium and mercury street 
lamps which are in common use today. The 
former give almost entirely yellow, while the 
latter are entirely blue-green so that only those 
colours show. Less obvious is the distortion 
given by fluorescent lamps, which in many 
cases give light formed from a mixture of a few 
separate bands of wavelengths, not a continu- 
ous spectrum. Thus objects whose colour is in 
one of the gaps between these bands will appear 
darker and different in hue. There is also the 
difference between north sky light, sunshine, 
electric arc-lights and ordinary tungsten 


filament bulbs, which have progressively less 
blue and more red light respectively. This 
corresponds to a fall in colour temperature 
which alters the colours of the scene by making 
the yellow and red objects brighter at the 
expense of the blue ones and tends to make all 
the colours redder. The proportion of blue in 
sunshine can be changed by atmospheric haze 
or mist, which makes it more like the blue sky 
light, e.g., the blue haze on distant mountain 
scenery. 

Another way of changing the light quality is 
by reflection, e.g., a subject against the back- 
ground of a brick wall will actually be illu- 
minated by reddish light because of reflection 
from the wall. 

The intensity of the light will also affect the 
colours we see. Of the receptors, the cones only 
are colour sensitive and they function at normal 
intensities. At very low intensities, e.g., star- 
light, vision appears to be confined to the rods, 
which are colour blind. This explains the 
difficulty we have in discerning colours at night. 
It has the converse effect that a photograph in 
which the colours are dark and desaturated 
will look as if it had been taken at night, 
whereas one in which the colours are bright 
and saturated will give the effect of sunshine, 
although the exact opposite may be the truth. 

Another factor which will modify the colour 
of an object is the direction of the light. If the 
lighting is very diffuse the colours will look 
desaturated and dull. This condition may be 
caused by an overcast sky or, even more notice- 
ably, when this is combined with snow on the 
ground, or on the water. In these cases, light 
comes from all angles and, even though the 
actual intensity may be high enough to give the 
normal ‘cone’ vision, the desaturation effect 
occurs. 

On the other hand if the light is strongly 
directional, e.g., full sunshine, the colours 
will appear at their brightest, particularly if 
the surface is glossy and reflects well. Thus wet 
patches on matte objects will appear brighter 
than the dry parts. The actual reflections of the 
light source are not coloured; since the light is 
completely reflected from the surface, none is 
absorbed by the object, which therefore appears 
the same colour as the light source itself. This 
explains why the highlights, on the eyes in 
portraits, for instance, or on ripples on water, 
etc., are always white. 

The eye is also capable of adapting itself to 
different colours of illumination. It is well 
known that on coming out of sunlight electric 
light appears yellow since the eye is adapted to 
the white of daylight which is relatively more 
blue. After a few seconds, however, the eye 
adapts to the new type of light and is quite 
satisfied that this is white. Similarly, on pro- 
jection of transparencies or cine film in a 
darkened room, the eye will adapt to the 
overall colour balance of the picture. Thus 
pictures which are out of balance and would 
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appear to have an objectionable colour cast 
when viewed by full daylight will often be quite 
acceptable when projected. 

Colour and Contrast. Yet another factor which 
modifies the colours we see is the contrast of 
an object with its surroundings. If we take two 
identical patches of colour and surround one 
with a black border and the other with a white, 
the former will appear both lighter and 
brighter (more saturated) than the latter. The 
same thing happens if the borders are the same 
hue but a darker or lighter shade respectively. 
This is a well known optical illusion; it is 
shown very clearly in step-wedges. Where 
steps of increasing density adjoin each other, 
one edge of the step will appear lighter in 
contrast with the darker neighbour and the 
other edge will appear darker so that the den- 
sity appears to vary across the step. This 
occurs in neutral black-and-white wedges but 
can be very noticeable in coloured ones. 

A similar effect is that of colour contrast. A 
colour will always appear brighter when it is 
viewed against a background of its comple- 
mentary colour and if subject and background 
are not of complementary colours, the eye 
will tend to see them as if they were. This can 
be shown more plainly if we consider green 
foliage against a grey wall; if the foliage is a 
good saturated green, the wall will appear 
pinky-grey because the colour balance of the 
eye is adapting towards green so that other 
objects become magenta by comparison. 
Subjective and Objective Colour. In colour 
photography the eye tends to see what it wants 
to see, whereas the film sees what is actually 
present. Thus, in the example of the subject 
next to a brick wall mentioned above, the film 


would record the subject as much more red 
than it really was because of the increase of 
red in the light by reflection from the wall. But 
this might pass unnoticed by the photographer 
for two reasons. First, the eye will adapt itself 
to the new colour of the light so that the 
reddish light will now appear white. Secondly, 
even if full adaption does not take place, the 
brain will still reject the findings of the eye if 
they do not fit in with what it knows to be 
true. Thus we shall think we see correct flesh 
colours on the subject’s face even if the eye is 
sending a message along the optic nerve that the 
face is red. These psychological effects are most 
persistent and any scene will be compared in 
the memory with an average of what that scene 
should look like and different findings by the 
eye are ignored. This often gives rise to big 
differences between photographs showing the 
scene as it really was and memory fi tting it to agree 
with what the brain thinks i t ought to have been. 

Similarly there are associations of colours 
with other feelings — red colours with warmth, 
blue with cold, etc., and these too can operate 
in reverse so that a warm room will appear 
redder than it is, a cold scene bluer. In the same 
way red colours are advancing, blue colours 
receding tones so that distant objects may 
appear bluer than they really are or con- 
versely, a blue object in a picture will look 
farther away. There are many of these psy- 
chological effects which change the colours we 
see, or think we see, but do not, of course, 
change the physical reality seen by the camera 
itself. J.Mo. 

See also: Colour Impact; Colour temperature; Psychology 
of vision. 


COLOUR CAMERA. Special “one-shot” 
cameras are manufactured in which all three 
separation negatives are exposed at the same 
time. These cameras incorporate partially 
silvered reflectors in the camera between the 
lens and the focal planes. In modem one-shot 
cameras for still photography, the image 
forming rays, after passing through the lens, 
are split up into three parts by a system of 
mirrors or membranes called pellicles. Each part 
is focused through a suitable tri-colour filter 
on to a separate plate (or film). The filters are 
located immediately in front of the plates. 
The three plates are then developed to make 
the separation negatives. 

Many designs have been proposed for one- 
shot colour cameras, but the types that are or 
have been commercially available are all of a 
few similar basic designs. All the cameras are 
of necessity somewhat bulky and cumbersome. 
There are three types of light-splitting systems: 
semi-silvered mirrors, pellicles, and prisms. 
Splitting Systems. Glass mirrors have the dis- 
advantage that they refract the light passing 


through them so tend to distort the image. Also, 
they give a double reflection from the rear 
surface of the glass. 

So almost all one-shot cameras for still 
photography use pellicle reflectors — very thin 
sheets of collodion or cellulose, less than one- 
thousandth of an inch thick. These are stretched 
across optically flat metal frames. Pellicles 
are so thin that they eliminate the risk of double 
reflection and refraction. The pellicles are 
coated with a metallic layer (e.g., aluminium 
evaporated on to them in a vacuum) to obtain a 
suitable reflection-transmission ratio. 

The principal design of still colour cameras 
takes three separate plates and has two pellicle 
reflectors, each of which reflects part of the 
light and transmits the rest. The rays of light 
from the lens fall on the first reflector which 
deflects roughly one-third on to the blue 
record plate and allows the remaining two- 
thirds to pass through it to fall on the second 
mirror. This mirror deflects roughly half of the 
remaining light on to the red record plate and 
allows the other half to pass through to the 
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green record plate. Each of the plates is 
mounted at the correct focal distance from the 
lens so that sharp images of identical size are 
formed on all three. 

Another design of one-shot camera uses a 
single reflector and has only two focal planes. 
In this type of camera, one of the negatives is 
made on a single film in one dark slide, while 
the other two negatives are exposed on two 
special films loaded in the other darkslide 
together face to face in the form of a bipack. 
For example, the front film of the bipack might 
give the blue filter record, and the rear film the 
red filter record, both being in the reflected 
beam in the camera. The green filter record is 
then given by the single film in the transmitted 
beam in the camera. 

The relative simplicity of a single mirror 
camera led to the introduction of many models 
of this type for still photography. However, 
all these cameras are now obsolete because 
manufacture of the special bipack film has 
ceased. 

Prism-reflecting systems have been used in 
certain miniature size one-shot cameras, but 
the weight and expense of prisms preclude 
their use for larger negative sizes. 

Prism type reflectors are used in one-shot 
motion picture cameras, which have a single 
reflecting surface and two film gates, using a 
pair of films as a bipack in one gate, and the 
third film in the other. 

Construction. It is usual for the camera body to 
be made of metal since the three separate 
images must stay in accurate register with each 
other. Any differences in the size of the images 
would produce colour fringes in the finished 
positive. 

The reflectors and plateholders are almost 
always mounted in a rigid housing with the 
lens on a separate rack-out panel joined to the 
body by bellows. The shutter must be mounted 
on or near the lens so that it cuts off the light 
before reflection. For this reason focal plane 
shutters would be impractical in a colour 
camera. 

Few camera movements are provided on 
one-shot colour cameras. Some designs provide 
for rising and cross fronts and sometimes for 



COLOUR BACK. This single-exposure unit fits on the back of a 
normal camera. A single mirror deflects part of the light to a 
bipack B and G, the rest forms the red record R. 



DOUBLE MIRROR COLOUR CAMERA. The first mirror deflects 
about one-third of the light to the blue record plate B behind 
a blue filter, the second mirror divides the remainder between 
the plate behind a red filter R and one behind a green filter G. 


swinging the lens. But a swing back is never 
provided because of the obvious difficulty of 
swinging each of thj plateholders exactly the 
same degree to maintain perfect register of the 
three images. 

The lens for a colour camera must naturally 
be well corrected to give the three colour 
record images of equal size and sharpness. 
Smaller cameras use first class anastigmat 
lenses, but larger cameras generally use the 
more highly corrected apochromatic lenses. 

The most popular formats are quarter-plate 
to 4 x 5 ins. for professionals and 2 \ x 3t ins. 
for amateurs and for use in the hand. Some 
5x7 ins. cameras are made for portrait and 
commercial studio work. 

Sensitized Material. Most one-shot colour 
cameras are made to take plates or sheet film. 
Normally panchromatic emulsions of the 
same type are used in all threse darkslides. Some 
makes in the past have used one panchromatic 
and two orthochromatic emulsions, or one 
panchromatic, one orthochromatic, and one 
blue sensitive plate. 

However, present-day high speed panchro- 
matic emulsions give adequate speed and better 
matched characteristics than the different types 
of emulsions. 

Single reflector colour cameras, for which the 
special bipack-plus-one sets of sensitive 
material are no longer manufactured, must be 
regarded as obsolete. However, some photo- 
graphers report acceptable results using a make- 
shift bipack of an unbacked blue sensitive 
material in front of a panchromatic material, 
with their emulsion faces in contact and a thin 
sheet of red filter material between the two. 

Usually the exact sensitive material employed 
in a colour camera depends on the filters fittad 
and the metallizing of the reflectors. Generally 
the camera manufacturer specifies a suitable 
sensitive material and quotes a film speed to be 
used for his camera-film-filter combination as 
a whole. A.P.J. 

See Also: Beam splitter; Separation negatives. 
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COLOUR FILM PROCESSING 


Processing procedures for colour films 
depend primarily on whether the material is a 
negative film for producing a colour negative 
in complementary colours or a reversal film for 
producing a positive colour transparency. 
Most of the processes, negative and reversal, 
are currently of the subtractive tripack type 
employing three selectively sensitized layers 
which are developed into colour images by 
means of chromogenic developers. Additive 
reversal materials are processed by similar 
stages to subtractive films, but black-and-white 
developers are used to form a black silver 
image in a single layer. 

Some manufacturers have marketed proces- 
sing kits containing all the chemicals required 
lor user processing of the material, and in a 
few cases have released formulae. Suitable for- 
mulae have also been published independently. 


SUBTRACTIVE COLOUR NEGATIVE FILM 

The processing procedure for modem multi- 
layer negative colour film is comparatively 
simple and hardly more complicated than for 
making black-and-white negatives. The pro- 
cessing of these colour films can be carried 
out with much the same equipment, apart 
from a few minor modifications and some addi- 
tional items. The maker’s instructions should 
be closely followed for each material, since 
different films of similar structure may react 
differently in processing. 

Principle of Processing. The steps of producing 
a colour negative are: 

(1) Colour development produces in each 
layer a dye image and a silver image, the 
amount of dye generated being proportional 
to the silver developed. 

(2) An intermediate step stops development 
and removes developer and by-products. This 
can be done simply by prolonged washing but, 
in general, it is advisable to use a stop-bath. 
This solution not only interrupts the develop- 
ment process in a safer and more controllable 
way than washing, but, at the same time, 
facilitates the removal of certain unwanted by- 
products. In some processes a combined stop- 
fix bath is used with a hardening agent. 

(3) Wash for at least 5 minutes. 

(4) The next operation removes the un- 
wanted silver image (and the unchanged silver 
halide if no fixing agent has been used in the 
stop-bath). There are various ways of carrying 
out this process. The traditional method is to 
use a potassium ferricyanide bleach bath 
followed by a fixing bath. This method has been 
largely superseded by the use of combined 
bleach-fix solutions in which the ferricyanide is 
replaced by organic iron compounds. Bleach- 
fix solutions of this type have good keeping 
properties and less tendency to stain. 


(5) The processing is finished as usual by 
thorough washing, in some cases preceded by 
a hardening bath. 

Colour Development. The developing agents 
used universally now are salts of diethyl-para- 
phenylene diamine, or its derivatives. The salts 
may be the hydrochloride, the sulphate or the 
sulphite. In addition to one or other of these 
agents, the colour developer contains a large 
amount of sodium carbonate and a small 
quantity of sodium sulphite to improve its 
keeping properties by protecting it from aerial 
oxidation. A further ingredient is potassium 
bromide, while hydroxylamine hydrochloride 
may be included as an anti-stain agent. 

The composition of the colour developer 
varies according to recommendations of 
different makers, since the characteristics of 
the colour materials themselves vary appre- 
ciably. Attempts have, however, been made to 
compound a colour developer universally 
suitable for an appreciable number of negative 
colour films. A formula suggested by H. 
Gordon is: 


Para-diethylamino-aniline 
hydrochloride or sulphate 
(diethyl-para-phenylene 
diamine hydrochloride or sul- 
phate) 
or 

Para-hydroxyethyl-ethyl-amino 
aniline sulphate (hydroxyethyl- 
ethyl-para-phenylene diamine 
sulphate) 

Disodium salt of ethylene dia- 
mine tetra-acetic acid 
Potassium carbonate 
Sodium sulphite (anhyd.) 
Potassium bromide 
Tripotassium phosphate 
Water to 


52 grains 

3 

grams 

70 grains 

4 

grams 

26 grains 

1-5 grams 

3 ounces 

75 

grams 

35 grains 

2 

grams 

44 grains 

2-5 grams 

175 grains 

10 

grams 

40 ounces 

1,000 

c.cm. 


The development time, depending on the 
make of film, is in the region of 6-12 minutes 
at65°F. 

Stop Bath. As in black-and-white processing 
the stop bath is weakly acid but its pH value 
must be more carefully adjusted and controlled. 
The acid is usually acetic acid buffered with 
sodium acetate (which may be produced in the 
solution) to obtain and maintain the pH value 
in the best range between pH 5-0 and 6 0. A 
typical formula is: 

Acecic acid (glacial) 420 minims 22 c.cm. 

Sodium hydroxide 160 grains 9 grams 

Sodium sulphite (anhyd.) 9 grains 0 5 grams 

Water to 40 ounces 1,000 c.cm. 


In some cases an addition of fixing and 
hardening agents is recommended. A suitable 
stop-fixer is: 


Sodium sulphite (anhyd.) 
Sodium thiosulphate (cryst.) 
Ammonium chloride 
Sodium bisulphite 
Water to 


175 grains 
0 ounces 
350 grains 
265 grains 
40 ounces 


10 grams 
200 grams 
20 grams 
15 grams 
1,000 c.cm 


For a hardening stop-fixer the sodium bisul- 
phite might be replaced by 88 grains (5 grams) 
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citric acid and 175 grains (10 grams) potassium 
alum. 

The time of treatment in the stop bath is 
normally 5 minutes, followed by a wash of 
about 10 minutes in running water. 

Bleach Bath. When potassium ferricyanide is 
used, it can either be applied as a plain solu- 
tion, containing 7 per cent potassium ferri- 
cyanide and 2 per cent potassium bromide, or 
with the addition of pH controlling agents, 
such as mono- and dibasic sodium or potassium 
phosphates. 

Bleaching normally takes 5 minutes and is 
followed by rinsing for 5 minutes and fixing 
with sodium thiosulphate. The fixing bath can 
be either a plain 20 per cent solution of sodium 
thiosulphate or hardening and pH controlling 
agents (alum and sodium acetate respectively) 
may be added. 

Combined bleach-fix solutions simplify the 
process, but they cannot be prepared by simply 
mixing sodium thiosulphate with ferricyanide. 
This mixture, the well-known Farmer’s reducer, 
has only very limited keeping properties. 

One method of making up a bleach-fix solu- 
tion is based on the use of ferric compounds in 
combination with a sequestering agent like 
ethylene-diamine-tetra-acetic acid. A formula 
for a bleach-fix solution of universal applica- 
tion, published by H. Gordon, is: 


Potassium bromide 
Sodium thiosulphate (cryst.) 
Ferric salt of ethylene- 
diamine tetra-acetic acid 
Sodium carbonate (anhyd.) 
Potassium thiocyanate 
Water to 


ounces 
B ounces 

2} ounces 
88 grains 
175 grains 
HO ounces 


30 grams 
.200 grams 

60 grams 
5 grams 
10 grams 
1,000 c.cm 


The average time of treatment is 10 minutes. 
A thorough wash follows the bleach-fix pro- 
cess or the bleach formula based on potassium 
ferricyanide. These solutions can be used for 
negatives as well as prints. When no hardening 
agents have been used in the processing solu- 
tions, it may be advisable to apply a hardening 
solution containing 2 per cent formalin and 3 
per cent sodium carbonate (anhyd.) for about 
5 minutes, followed by a short wash. This 
solution also stabilizes the dyes. 

Processing Equipment. When negative colour 
film is used on a fairly small scale, very little 
more equipment is needed than for black-and- 
white film. For negative processing, spiral tanks 
or cut-film tanks can be used, but if the pro- 
cessing is to be carried out on a large scale, 
deep tanks are essential. These should be similar 
to the normal type used for D. & P. work, 
although not all tanks of this type are suitable. 

The developer tank has to be enclosed in a 
water jacket so that the development tempera- 
ture can be thermostatically controlled. For 
this reason the developer tank should be a good 
conductor of heat, and a stainless steel tank is 
therefore advisable. 

However, the bleach-fix solutions attack 
stainless steel and a plastic or stoneware tank 


must be used for this stage of the process; 
coppertanks may also be used with ferricyanide 
bleaches. 

On a large scale, continuous processing is 
both more economical and reliable. In that 
case, stainless steel or hard rubber tanks are 
normally employed (as in black-and-white 
work) except for the ferricyanide bleach. The 
temperature is generally controlled by heat 
exchangers at the recirculation stage, where the 
solutions are pumped round from a reservoir 
through the tanks. Replenisher solution is 
added at this stage to keep the composition of 
the solutions constant, some of the old solu- 
tion being thrown away if necessary. This 
replenishment must be accurately controlled 
by routine analysis of samples at fixed time 
intervals and the whole process checked by 
sensitometric strips being included at regular 
intervals. 


SUBTRACTIVE REVERSAL COLOUR FILM 

Reversal colour materials are of two main 
types — those which have the colour-forming 
elements, couplers, actually incorporated in 
the emulsion layer and those in which the 
couplers are added to the developers. 
Non-incorporated Couplers. The processing of 
this type of material is complicated and only 
undertaken by manufacturers on continuous 
machines, with rigorous analytical control of 
the solutions. These materials are integral tri- 
packs with separate red, green and blue sensi- 
tive layers (from base to surface) and the 
essential steps in the processing are: 

(1) Development of the latent image to a 
negative with a black-and-white developer of 
the type generally used for reversal work. 

(2) Flashing to red light to fog the unused 
silver halides in the red sensitive layer. 

(3) Development in a cyan-coupling de- 
veloper to give silver plus a positive cyan dye 
image. 

(4) Flashing to blue light and re-develop- 
ment to give silver plus a yellow dye image in 
the blue sensitive layer. 

(5) Flashing to green light followed by 
magenta coupling development in the green 
sensitive layer. 

(6) Bleaching all the silver, to leave the 
positive image composed of three subtractive 
dye images. 

Many variations on this outline are possible, 
e.g., dye toning or mordanting processes 
instead of the more usual dye-coupling ones, 
fogging developers instead of exposure to 
light, etc., and, of course, washing, hardening 
and stop baths are also necessary. The pro- 
cesses are complicated, and in any case details 
are not published. 

The materials are usually prepared in the 
standard and sub-standard cine sizes and are 
processed on continuous machines, identifying 
numbers being punched on the leaders before 
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splicing them together. Still pictures taken on 
35 mm. film are cut after processing and 
mounted in cardboard frames ready for 
viewing. These operations may also be done 
automatically. 

Reversal materials of this type are also 
used for making prints for viewing by reflec- 
tion. 

Incorporated Couplers. The materials which 
contain the colour forming couplers already in 
the emulsion layers are very much simpler to 
process, and on a large scale may be done on 
batch processing machines or in tanks in the 
same way as black-and-white materials. More 
baths are needed but the principles are just the 
same. Care must be taken that the tanks are of 
suitable material as with negative colour films . 

For the amateur, the main points to watch 
are temperatures and times, and it is most 
important that the instructions given by the 
manufacturers are r irefully followed. 

Principle of Processing. Steps in the produc- 
tion of a reversal image on monopack colour 
film are the following: 

(1) First development in a negative developer 
of the M.Q. type (or amidol) producing a 
negative silver image. 

(2) Wash, or treatment in stop and harden- 
ing solutions. 

(3) Re-exposure of the unaffected silver 
salts to a strong light source. 

(4) Colour development. There the re- 
exposed silver salts are reduced to silver and 
dyes are simultaneously produced in the three 
layers. 

(5) There may again follow some inter- 
mediate treatment in hardening and stop solu- 
tions. 

(6) Bleaching to remove he silver, 
leaving only the dyes and silver h<. it which is 
dissolved in the usual way with a hypo solu- 
tion. 

For large-scale work deep tanks with floating 
lids to cover the solutions and prevent oxida- 
tion are preferable. Normal stainless steel 
film clips and hangers may be used for holding 
the film during processing. Single rolls on 35 
mm. film lengths can be procssed in an 
ordinary developing tank; some types have 
transparent-ended reels to permit re-exposure 
without removing the film from the reel. 

First Development. Certain features are com- 
mon to all developers used at this stage. 

Firstly, they all possess a very high activity 
and are used more concentrated than for 
normal black-and-white development. The 
alkali content is kept on the high side as well. 

Secondly, they contain a small concentration 
of thiocyanate which has the property of dis- 
solving silver halide, and therefore helps to 
produce transparencies with clear whites by 
removing any excess of silver halide. 

While most of these developers are of the 
M.Q. type, amidol has also been used for some 
makes of colour film. 


The usual range of concentrations of various 
published formulae is : 

M«tol 25-50 grains 1-5 — 3 grams 

Sodium sulphico (anhyd.) I- 2 ounru 25-50 grams 
Hydroquinont 70-100 grains A- 6 grams 

Sodium carbonate (anhyd.) 1-1} ounces 25-35 grams 

Sodium or pocasaium 

thiocyanate 20-100 grains 1-5 grams 

Potassium bromide 20-100 grains 1-5 grams 

Water -40 ounces 1,000 ccm. 

The developing time ranges between 10 and 
35 minutes. 

The M.Q. developers require either a stop 
or a combined stop-hardening bath (1 per cent 
acetic acid with 2 per cent sodium acetate and 
3 per cent chrome alum) after development, 
and then a short wash. Films developed in 
amidol do not get any treatment in stop and 
hardening solutions as amidol carries on 
development even in an acid medium. They are 
thoroughly washed for about 20-30 minutes. 
Re-exposure. After the first development and 
stop bath, the remainder of the processing can 
be carried out in white light, as the next step 
is to fog all the unused silver halide grains by 
exposure to light. As the speed of the wet film 
is very low, the exposure must be quite heavy. 
It is not possible to over-expose it, but the 
exposure must be sufficient or the full density 
will not be obtained from the second (colour) 
development. 

The recommended exposure is usually 
about 5-10 seconds each side, 1 foot from a 
Photoflood lamp, or its equivalent. If any 
quantity of processing is to be undertaken, it 
is best to use an exposing box with two Photo- 
floods, the transparency being hung between 
them and both sides being exposed simul- 
taneously. Sheets of glass should be placed so 
as to protect the lamps from accidental 
splashes of cold water which might crack them. 

Where roll films or 35 mm. films are being 
processed in a tank, they must be unrolled and 
hung flat on clips for re-exposure. However, if 
the ends of the spiral reel are made of trans- 
parent plastic, the reel may be rotated under 
the lamp so that the light penetrates between 
the coils of film and reaches every part of it. 
Colour Development. The composition of the 
colour developer is similar in principle to the 
colour developers used for negative film. 
No universal formulae have been published, 
as the developer must be closely matched to 
the film characteristics. 

The time of colour development ranges 
between 10 and 20 minutes at 65°C. 

In all casra, it is necessary to put the films 
through stop and hardening baths or combined 
solutions and they must then be washed 
thoroughly. 

Final Steps. The removal of the silver is carried 
out in bleaching solutions containing potassium 
ferricyanide, in most cases in mixture with 
potassium bromide. These solutions convert the 
black metallic silver produced in the first 
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developer as well as in the colour developer 
into silver bromide. The latter is then fixed out 
in a plain 20 per cent solution of thiosulphate. 
A wash of about 20 minutes ends the process. 
Precautions. Accurate and careful work is 
essential in reversal colour processes in order 
to obtain the best results. The two developers 
should be maintained at the correct temperature 
within half a degree, and the other solutions 
should preferably be at the same temperature, 
although it is not essential to maintain them 
quite so accurately. 

Equally important is the degree of agitation 
which must be standardized. Cut sheet films 
may be raised from the solution, drained and 
lowered back, or a spiral tank may have the 
spiral rotated at regular intervals, e.g., every 
30 seconds. 

On a larger scale, continuous circulation of 
the solution, bursts of compressed nitrogen, 
or mechanical paddles are methods in regular 
use for ensuring good agitation. 


ADDITIVE REVERSAL COLOUR FILM 

The processing of the additive colour 
materials is similar to that for black-and-white 
reversal material since the colour comes from 
the screen or reseau and not from dyes formed 
by colour development. 

The usual sequence is : 

(1) First (negative) development. 

(2) Bleaching, clearing, and hardening. 

(3) Re-exposure. 

(4) Second (positive) development. 
Additional washes are required between 

each bath, and the same precautions as to 
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accurate working should be taken as in the case 
of the subtractive materials. 

Development. A usual solvent-type developer is 
used for the first development stage to ensure 
a full tone range in the subsequent positive 
image. The first developer may then be re-used 
for the second (positive) development, but it 
is not advisable to use it for the first develop- 
ment of another film. A typical formula is: 


Metol 

Sodium sulphite (anhyd.) 
Hydroquinone 
Sodium carbonate (anhyd.) 
Potassium bromide 
Potassium thiocyanate 
Water to 


1 1 0 grains 
2 ounces 
35 grains 
li ounces 
50 grains 
160 grains 
40 ounces 


6-5 grams 
50 grams 
2 grams 
40 grams 
2-8 grams 
9 grams 
1 ,000 c.cm. 


Development time is 4-6 minutes at 65°F. 
The bleach comes after the fi rst development 
in this type of processing since the positive 
silver image is required to give the colours by 
blocking out unwanted colours on the screen. 
The washing, clearing and hardening baths may 
be varied as stipulated by manufacturers of 
individual materials. 

Chemical Fogging. To avoid removing the 
film from the tank for the second exposure, 
chemical fogging agents are available. The most 
suitable one is thiosinamine (allyl thiourea) : 

Thiosinamine 70 grains 4 grams 

Acetic acid (glacial) 2 ounces 50 c.cm. 

Water to 40 ounces 1 ,000 c.cm. 


This is diluted 10 times for use. The film is 
treated for 5 minutes in the solution after 
hardening, and redeveloped in the second 
developer. J.Mo. 


See also: Colour materials. 

Books: Colour Films amd All About Processing Reversal 
Colour, by C. L. Thomson; Colour Prints, by J. Coote (all 
London). 


COLOUR HISTORY 


The historical development of colour photo- 
graphy could be divided into two periods, each 
guided by a basic philosophy entirely different 
and independent of the other. In one, called 
objective colour, an attempt was made to 
produce the same conditions in the image 
which caused the original object to be coloured. 
In the other, subjective colour, the attempt 
was made to produce conditions in the image 
which created the same colour sensations as 
did the original. The first concept held sway 
from the earliest days up to the close of the 
nineteenth century. The second, introduced 
in 1 855, was not accepted until 1 890, but from 
then on it became the basic philosophy for all 
subsequent work. 

Objective Colour Photography. An object 
appears coloured if it preferentially absorbs 
some of the light rays falling upon it. Every 
colour is characterized by a definite pattern of 
absorptions for specific rays, i.e., its absorption 
spectrum. To match one colour with another, 
the matching colour must have an absorption 
spectrum identical with that of the colour 


under consideration. In colour photography 
this matching must be done for each image 
point. Processes which accomplish this form 
the class of objective colour processes. 
Interference Processes. The starting point for 
such procedures lay in the disclosures of 
Johann Seebeck. In a letter to his friend Goethe 
in 1810 he reported that silver chloride, upon 
exposure, took on the colour of the exposing 
light. This observation became the basis for the 
researches of others, notably Edmond Becquerel 
and Niepce de St. Victor. 

In their experiments they exposed a specially 
treated layer of silver chloride under a colour 
original. The image formed appeared to be 
coloured in hues approaching those in the 
original. Zenker gave a plausible explanation 
for this in 1868. He reasoned that when light 
was incident upon the layer of silver chloride, 
it passed through the layer and became reflected 
by the white paper backing upon which the 
fight sensitive material was coated. This caused 
the formation of standing waves. At the nodes, 
the forward and backward beams cancelled 
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each other, but at the anti-nodes they supple- 
mented each other. At these points the light 
intensity became sufficient to cause photo- 
chemical decomposition of the silver chloride. 
Hence through the depth of the layer were 
formed lamina of silver, whose distances 
apart were half the wavelength of the incident 
light. The lamina served as gratings and inter- 
ference patterns for any subsequent light inci- 
dent upon them, with a resultant reproduction 
of the wave pattern of the original. 

In 1890 Otto Wiener pointed out that it 
should be possible to replace the silver chloride 
layer with a fine-grained photographic emul- 
sion. This would enable the operator to fix the 
images and thereby achieve permanency. The 
actual work was accomplished by Gabriel 
Lippmann, the following year. The process is 
now known as the Lippmann interference 
procedure. 

The experimental evidence that colour was 
produced as a result of optical interference 
came in 1907, when Cajal reported upon a study 
he made upon the Lippmann process. Sections 
made through an image showed the presence 
of lamina. These averaged from four to eight 
in number, though occasionally, especially in 
areas of bright saturated colours, as many as 
thirteen were noted. Whites and achromatic 
colours gave diffuse images. A Lippmann slide 
had to be viewed normally, and by the light 
reflected from a mirror placed in contact with 
the emulsion side of the slide. This created many 
difficulties of operation, and served as a draw- 
back to its f urther development. 

Dispersion Processes. An entirely different 
solution was devised by Lancaster in 1895. The 
image of the object being photographed was 
broken up into a series of points by means of a 
screen similar to a process screen used in 
block-making, placed in the focal plane of the 
camera lens. A second lens brought each image 
point to a focus upon a prism with an angle of 
the order of 2° or 3°. The prism saw the 
image only as a series of point sources of light, 
each of which it dispersed into a spectrum. 
In contact with the prism, a fine-grained photo- 
graphic emulsion recorded the minute spectra. 
The final image was a series of minute deposits 
of silver, each a record of the quantity and 
quality of the light registered at that point. 

T o re-create the image in colour, a positive of 
the record was placed between two prisms, 
identical to the one used in the original photo- 
graph, and positioned complementary to each 
other. The combination, in effect, formed a 
glass plate with parallel sides. On the side 
facing the light was placed a screen identical 
to the one through which the photograph 
was taken. On directing a parallel beam of 
light upon the screen, the picture area was 
broken up into point sources of light. Each 
point, upon traversing the first prism, became 
dispersed into a micro-spectrum. With correct 
registration between screen and positive, each 
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micro-spectrum fell upon an image point in the 
positive, and became modified by it. The second 
prism reformed the modified beams. Thus the 
quality and relative quantity of the original 
light was recreated at each point of the image. 

The process had to record properly the com- 
plete spectral distribution and intensities of 
the incident rays in minute areas, therefore 
only very fine grained and thus extremely slow 
emulsions could be used. Exposures of the 
order of a fraction of a second normally used 
in everyday photography were out of the 
question. For this reason objective colour 
systems reluctantly gave way to subjective 
systems. 

Subjective Colour Photography. The present 
practice of colour photography is that of tri- 
chromatic or subjective colour reproduction. 
In 1802 Thomas Young promulgated the 
hypothesis that colour was a sensation. His 
main thesis was that the sensation produced 
by any one colour could be matched by that 
produced by a suitable mixture of three funda- 
mental colours called primaries. From this 
point of view every colour could be conceived 
as being formed of some combination of the 
three primaries. 

To duplicate a colour, it was necessary and 
sufficient to form a colour with the same rela- 
tive intensities for the three primaries. The 
problem, therefore, was to determine the rela- 
tive intensity of each primary in a given 
colour and then re-form it. 

The first to suggest a method to accomplish 
this was James Clerk Maxwell. In 1855 he 
suggested the use of optical filters to isolate 
each primary, and the use of the photographic 
process to determine their intensities, point by 
point in a given scene. At a subsequent lecture, 
in 1861, he gave a demonstration of the pro- 
cess. 

The experimental work was done by Thomas 
Sutton, a prominent photographic practitioner 
of that era and editor of the magazine Photo- 
graphic Notes, where he published a detailed 
account. He made three exposures, one each 
through a red, green and violet filter. He 
then projected these images, as positive 
transparencies, in register with each other 
upon a white screen. Each was illuminated 
with the same coloured light to which it was 
exposed in the camera. The result was not 
exactly breath-taking. It was described by 
Sutton in these words, “ . . . and when these 
different coloured images were superimposed 
upon a screen, a sort of photograph of the 
striped ribbon was produced in natural 
colours.” 

Maxwell in fact prepared a fourth plate 
exposed through a yellow filter; this was 
intended as a possible alternative to the red 
filter negative, but was apparently not used in 
the actual experiment. 

Though disappointed with the result. Max- 
well and Sutton had made and disclosed one 
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of the most fundamental of all photographic 
discoveries, and laid the foundations of tri- 
chromatic colour photography. 

The subject took a fresh start in 1868, when 
Ducos du Hauron proposed a solution based 
upon the same principles previously disclosed 
by Maxwell. He was, however, completely 
unaware of Maxwell’s contributions. He went 
further than Maxwell. He outlined a number 
of other techniques by which colour reproduc- 
tion could be achieved. Unlike Maxwell, he 
continued to write and lecture upon trichrome 
colour photography. 

Slowly the popular prejudice against sub- 
jective processes wore down, but it was not 
until 1890 that they were finally dissipated. 
Further progress concerned itself mainly with 
the disclosure of procedures that were practical 
utilization of the fundamental principles dis- 
closed by Maxwell and du Hauron. 

The processes could be grouped into three 
classes. These were: — 

(1) Processes which utilized additive colour 
analysis and colour synthesis; 

(2) Processes which utilized additive colour 
analysis but subtractive colour synthesis; and 

(3) Processes which utilized subtractive 
colour analysis and colour synthesis. 

Additive Analysis and Synthesis. The very first 
demonstration of colour photography, that 
made by Maxwell before the Royal Institution 
in 1859, was an example of additive colour 
analysis and synthesis. In additive analysis 
each colour record or separation, to use 
more technical language, is formed from the 
whole light reflected from the subject. The 
primary desired is selected by the use of an 
optical filter which transmits but a single 
primary. The other two are absorbed by the 
filter in question, and are therefore lost or 
wasted. 

In additive colour synthesis, the image is 
re-formed by projecting a positive trans- 
parency from each separation in register with 
the others, upon the same surface, each 
illuminated by the light of a single primary 
colour. The re-formed image consists therefore 
of the additive mixture of the primary coloured 
lights ; hence the name. 

A much simpler procedure to achieve the 
same result was described by du Hauron, in his 
French patent of 1868. Hff divided the image 
into a series of minute image points, by the use 
of a screen placed in the rear focal plane of the 
camera lens. The elements of the screen were 
primary coloured dots or lines, which com- 
pletely filled the screen area. The size of the 
dots was such that the eye was unable to dis- 
tinguish them individually, but saw only a 
blend. Although the dots were coloured red, 
green, and blue, the eye saw the blend as colour- 
less or grey. Immediately over the screen was 
coated a panchromatic photogmphic emulsion. 
The exposure was made through the screen ele- 
ments. Therefore the intensity of the red 


primary reflected from any point of the scene 
became recorded as a silver density immediately 
below a red dot at the corresponding point in 
the image. 

On reversal processing, the silver deposit 
behind each coloured dot reduced the inten- 
sity of the light incident at that point to a 
value needed to reproduce the relative intensity 
of the primary in question. Thus only a single 
exposure was required to made a complete 
analysis of the scene. By the same token, only 
a single projector was needed to effect colour 
synthesis. The net result was that the beam of 
light reflected from each point of the object 
was divided into three sub-beams, and each 
passed through a filter which transmitted but a 
single primary colour. 

The loss of light in this system was very con- 
siderable. The division of the beam into three 
meant a loss of two-thirds of the available light. 
The use of a filter which absorbed at least 
two-thirds of the light incident upon it meant 
the loss of another two-thirds. This was the 
main fault to be found with additive processes. 

The first commercial additive screen plate 
was marketed by Lumifere in 1907. The screen 
consisted of a mixture of dyed potato starch 
grains spread on to a sheet of glass coated with 
adhesive. The gaps between the grains were then 
filled with carbon black. Later materials used 
dyed globules of resin which were rolled to 
bring them into good contact without gaps. 

With this type of screen thorough mixing of 
the dyed grains before coating was expected to 
yield a completely even distribution of the 
filter elements. Practical observation, and 
later on theoretical calculation, showed that a 
certain degree of clumping of grains of the same 
colour is inevitable. The reason is that in a 
random distribution there is an equal chance 
for, say, a red grain to be next to a blue, a 
green, or another red grain. Similiarly, there is a 
certain though decreasing statistical probability 
for three, four, five, or more red grains to come 
together. Microscopic examination even re- 
vealed grain clumps of 20 grains of the same 
colour for which again there is a very small but 
definite statistical probability. Visually, there- 
fore, such a grain screen appears much coarser 
than suggested by the size of the grains. 

A completely even arrangement of the filter 
elements is obtainable only in a regularly 
patterned screen — the exact opposite of a 
random distribution. The first commercially 
successful screen plate with a mechanically 
ruled screen was the Finlay plate of 1908. A 
few years later a modified process appeared, 
using a separate screen which was placed in 
contact with a panchromatic plate before 
exposure. After processing and printing as a 
positive transparency the plate was bound up 
with a similar screen of filter elements for 
viewing. This method enabled any number of 
colour positives to be produced from one 
exposure. 
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Around 1930, additive colour materials with 
a printed screen or reseau also appeared as 
roll, miniature, and cine film (Dufay). One 
attempt was made to develop a negative- 
positive additive colour process, using a nega- 
tive and a positive screen film. Special printing 
arrangements were necessary to prevent inter- 
ference between the screens of the two films. 

A special type of screen process was the 
Kodacolor lenticular cine film, marketed in 
1928 and based on patents of 1908. The back of 
the film support was embossed with minute 
lenses which, in conjunction with a striped 
filter in front of the camera lens, broke up the 
image into large numbers of coloured strips 
or bands. On projection of the reversal positive 
through the same striped filter, the colour 
image was synthesized on the screen. 

Additive Analysis with Subtractive Synthesis. 
The practical needs of colour photography 
soon found the purely additive processes much 
too costly, in so far as light was concerned. 
This became increasingly apparent in cinema- 
tography, where it was essential that the three 
primary impressions be formed instantaneously 
and simultaneously. This was possible with 
the screen processes, but these were severely 
handicapped by the demands of definition. 
Other technological difficulties existed, especi- 
ally the ease of accurate and satisfying duplica- 
tion. 

It was this last that turned attention to an- 
other of du Hauron’s many disclosures, that of 
subtractive colour synthesis. This was accom- 
plished by the conversion of each primary 
selection or colour separation into a positive 
formed of a dye which absorbed a single 
primary, absorbed it sufficiently so that the 
residue was the amount needed for colour 
duplication. Each image point, therefore, 
consisted of a mixture of three dye deposits, 
each subtracting sufficient of a single primary 
to leave the amount needed for duplication. 

Colour analysis was still achieved by the 
additive methods. Special cameras were con- 
structed in which optical devices situated 
behind the camera lens divided the lens beam 
into three sub-beams. An optical filter then 
filtered each beam to transmit but a single 
primary. In this manner three separations were 
made, each on a different piece of photographic 
material. 

This created the problem whereby the 
separate primary records could be converted 
into dye positives, which could be superim- 
posed one upon the other in exact register. A 
long era in the history of colour photography 
concerned itself with that problem. Many 
ingenious devices were disclosed to accomplish 
the desired result, but of all of these, just two 
have achieved widespread popularity, imbibi- 
tion and carbro. 

In the carbro process three separation posi- 
tives are formed by selective tanning (via 
bromide prints) of pigmented gelatin foils. On 
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treatment with hot water, the untanned gelatin 
is washed away, and pigmented yellow, 
magenta, and cyan images remain. These are 
then superimposed in register. 

In the imbibition methods, first applied to 
colour printing in 1925 by Jos Pe, three posi- 
tives are again made by selectively tanning 
gelatin layers followed by washing out in hot 
water. That leaves a set of matrices (one for 
each separation image) which are dyed in dye 
baths of the appropriate colour and printed in 
register on to a galetin coated paper. 

This is the basic principle of the Technicolor 
process of cinematography. 

Subtractive Analysis and Synthesis. Since it was 
possible to synthesize the colour image with 
no loss of useful light, it became desirable to do 
the same in the analytical part of the process. 
The first to suggest a method to accomplish 
this was again du Hauron. He suggested that it 
should be possible to prepare systems that 
were sensitive to but a single primary colour. 
Three such systems in the form of a pack, could 
be placed in the focal plane of the camera, one 
immediately behind the other. Each primary 
colour would register upon one of the three 
elements. Each could be processed to yield a 
positive image in the appropriate colour for 
subtractive synthesis, then joined together to 
form a single unit, the colour photograph of the 
original. In these procedures each primary 
was recorded and duplicated upon a separate 
piece of photographic material. These had to 
be joined together somehow, to re-form the 
whole. 

In 1912 Siegrist and Fischer disclosed a new 
photographic procedure that converted the 
latent image directly into a dye image. The 
oxidation product formed when exposed silver 
halides were reduced to form the silver image 
was highly reactive and capable of union with 
other substances to form yellow, magenta and 
cyan dyes. It was possible to add such ingre- 
dients, colour formers, to each emulsion, so 
that the blue sensitive element could yield a 
final yellow dye image (blue absorbing), the 
green sensitive element a magenta dye image 
(green absorbing) and the red sensitive element 
a cyan dye image (red absorbing), all by the 
use of the same developing agent. Therefore 
it became possible to form a photographic 
material in which three light-sensitive emulsions 
were coated one over the other, with filters 
between them to insure that each element 
would be acted upon by the light of but a 
single primary. Each of the three elements 
contained the proper colour former so that 
upon processing a yellow image was formed in 
the blue sensitive element, a magenta in the 
green, and a cyan in the red. In this process 
both analysis and synthesis were accomplished 
by subtractive methods, with a minimum loss 
of available light. 

A commercial film material based on this 
principle appeared as early as 1914, but utilized 
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only two colours. Faithful reproduction of the 
full range of nat ural colours was therefore im- 
possible. 

Siegrist and Fischer’s system had one major 
drawback: the colour formers tended to 
’wander’ from their respective layers. The first 
integral subtractive tricolour taking material, 
Kodachrome (introduced in 1935), therefore 
did not incorporate colour formers in the 
emulsion layers at all. Instead, each layer was 
processed separately (although coated on the 
same support as the other two layers) by a 
complicated technique involving many care- 
fully controlled stages. 

The first commercially available colour film 
with couplers incorporated in the emulsion 
layers appeared in 1936 under the name Agfa- 
color. Two methods have been used to prevent 
the couplers from wandering from their 
layers. One was to adsorb the coupler substance 
on insoluble resin particles or oily media, 
which effectively anchored the coupler. Another 
trend has been the development of giant coupler 
molecules which are in themselves sufficiently 
immobile not to wander. 

Both Kodachrome and Agfacolor were 
reversal processed, producing a positive colour 
transparency in the film originally exposed in 
the camera. Duplicate transparencies could be 
made by rephotographing the transparency, 
and materials of this type were introduced first 
with an opaque plastic base and later with a 
paper base, for making reversal colour prints. 

In 1939 a subtractive colour film was intro- 
duced which utilized a negative-positive system. 
The film was developed to a colour negative in 
complementary colours, and that was in turn 
printed on to a positive material to produce a 
colour print. Designed originally for cinema- 
tography, this system soon became a very 
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Colours are familiar to everyone (except the 
totally colour blind) on the basis of ordinary 
visual experience. Colours are conscious 
responses to stimulation and possess the 
attributes of hue, saturation and brightness. 
Visual stimuli which characteristically evoke 
colours — i.e., appear chromatic — are called 
colour stimuli. An important example of colour 
stimulation is the light reflected or transmitted 
to a person’s eyes by a colour photograph. 

The following is a brief psychological survey 
of the nature of colours (colour perception), 
the classification of colours and colour stimuli 
(colour systems), and the pleasing arrangement 
of colour stimuli (colour harmony). 

COLOUR PERCEPTION 

Colours can be described directly by refer- 
ence to their attributes. Therefore, an under- 
standing of the meaning of the attributes or 


widespread method of producing colour photo- 
graphs on paper. Its special merit is the possi- 
bility of this type of process being carried out 
by the skilled amateur photographer at home. 

A further development of subtractive colour 
photography was the use of masks to improve 
colour rendering, followed in 1950 by the 
introduction of a colour negative film (Koda- 
color) incorporating coloured couplers which 
act as integral masks for printing. 

The current literature of colour photo- 
graphy, both journal and patent, concerns 
itself with more advanced techniques that 
function in accordance with purely subtractive 
systems. Already outlined are procedures in 
which the three light-sensitive elements are 
mixed together and coated upon a piece of film 
base as a single layer. Processing techniques 
have been disclosed to yield dye images that 
have better light and atmospheric stability 
than the azomethine and indo-aniline types of 
dyes disclosed by Fischer and Siegrist. Thus the 
keynote of the present research appears to be 
improvement of product and simplification of 
manufacture. 

Progress in both has been striking in the last 
decade, especially since the end of World War 
II. This has made itself felt in the tremendous 
increase of devotees in the field of colour 
photography. Whereas a generation ago the 
practice of colour photography required the 
use of a very expensive and delicate camera, 
and required the knowledge of very intricate 
and difficult processing techniques, today 
every camera is a colour camera, and almost 
every photographer a potential colour photo- 
grapher. J.S.F. 

See also: Cine history; Museums and collections; Sensi- 
tized materials history. 

Book: History of Color , by Joseph S. Friedman (Boston) 


IMPACT 

dimensions of colour is of initial importance. 

The hue of a colour is its most distinctive 
attribute and is referred to by such common 
terms as red, reddish-yellow, yellow, and so 
on around the hue circle. 

The attribute of saturation is the amount or 
strength of a hue and varies from minimum to 
maximum; the stronger the saturation the 
more obvious the hue. Of course, if saturation 
is zero there is also no hue; and the result is 
sometimes called achromatic colour. 

In such a case the third attribute, brightness, 
would still be present. Brightness is the apparent 
luminance of a colour. Brightness is sometimes 
confused with saturation; for like saturation it 
varies between minimum and maximum. Zero 
brightness, however, means absolute darkness 
with total loss of both saturation and hue. 
(The term lightness means apparent reflec- 
tance and is preferable to brightness in refer- 
ence to colours from reflected light.) 
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Any given colour is essentially some particu- 
lar combination of attributes, for instance, the 
colour which is typically evoked by the light 
from a tungsten lamp is yellow in hue, weak in 
saturation and high in brightness. Similarly, a 
ripe tomato in the sunshine is likely to yield a 
slightly yellowish red hue, strong saturation 
and moderate lightness. Lightning in a dark 
sky may elicit no hue or saturation but very 
high brightness, that is, an achromatic colour. 
The millions of different combinations of hue, 
saturation and brightness which can occur 
account directly for corresponding millions of 
distinguishably different colours. 

Light and Colour. There have been many 
indirect attempts to account for perceived 
colour — i.e., theories of colour vision — but no 
wholly satisfactory explanation has ever been 
found. The three-component type of theory, 
due originally to Thomas Young, is still the 
most generally useful. Since the actual psycho- 
physiological mechanism remains a mystery, 
however, this discussion will be largely limited 
to observed facts. One of these facts is that 
physical light is the normal stimulus to colour 
vision. In fact, an extensive gamut of colours 
can be evoked by various mixtures of red, green, 
and blue spectrum lights. Also there are useful 
dependencies of hue on wavelength, saturation 
on purity, and brightness on luminance. 

Nevertheless, the relation of light to colour 
is very complex; for instance, many different 
spectral compositions of light are incapable of 
evoking different colours. On the other hand, 
with an identical light stimulating the eyes in 
different circumstances, very different colours 
may be produced. Indeed, there are many cir- 
cumstances, apart from the colour stimulus 
itself, which are capable of affecting markedly 
the perceived colour; these include the state of 
adaptation of the observer’s eyes, the focus of 
his attention, the retinal location where the stim- 
ulus impinges, size of stimulated area, duration 
of stimulation, and contrast of the immediate 
surroundings with the colour stimulus. 

Colour Vision. Of course the colour vision of 
the observer is an important factor. Fortu- 
nately some 91 per cent of the general popula- 
tion acts as though it perceives much the same 
colours under comparable viewing conditions. 
But the remaining 9 per cent (of whom about 
95 per cent are men), are more or less anoma- 
lous or colour blind. As demonstrable with 
colour vision tests, these people perceive far 
fewer colours than normals and also see them 
very differently. The most common type of 
partial colour blind, for instance, perceives 
only two different hues whereas the colour 
normal can distinguish over 150. The totally 
colour blind respond only with achromatic 
colours, i.e., they see only brightness for hue 
and saturation are completely lacking. 

Despite all the factors affecting the colour 
appearance, colours are normally perceived as 
belonging permanently to physical objects or 

220 


situations out in the external environment. By 
a casual look round, one may perceive multi- 
tudes of colours as belonging to sky, clouds, 
soil, grass, trees, flowers, animals, people, 
clothing, conveyances, signs, lamps, decora- 
tions, buildings, and photographs. This effect 
of “belonging” is a consequence of perceptual 
development. 

Colours seem to belong to objects partly 
because objects tend to continue to look the 
same even when the light illuminating them is 
changed. Compensatory adaptation of tho 
eyes reduces corresponding change in colour, 
giving rise instead to the effect called partial 
colour constancy. Objects themselves contri- 
bute to this effect by regularly reflecting, trans- 
mitting and emitting light in ways which are 
characteristic of them. Another reason why 
colours seem to belong to objects is that the 
orientation, size, shape, and distance away of 
an object determine the size, shape, and orienta- 
tion of the colour stimulus pattern from the 
object to the eyes; therefore, the colour may 
seem to coincide with the object whether it is 
moving or motionless. Such relationships 
assure close association of particular colours 
with particular objects as a phase of the 
general perceptual development of any infant. 
The colours of many familiar objects come to 
be well-remembered along with other charac- 
teristics of the objects. Thus, with a rose 
regularly looking red, and even- so recalled, 
while other flowers regularly look other 
colours, it seems inevitable that red should be 
perceived as belonging to the rose. 

Modes of Appearance. Basic descriptions of 
colours (in terms of hue, saturation, and bright- 
ness) may be supplemented by reference to five 
principal types of stimulus situation which give 
rise to colours and to which they seem to 
belong. These modes of appearance of colour 
include the illuminant mode in which the 
colour is perceived as belonging to a source of 
light — e.g., the sun; the illumination mode 
in which colour is perceived in space — e.g., 
lamplight in the atmosphere; the surface 
mode with colour belonging to surfaces — 
which is evident on every hand — e.g., colour 
prints; the volume mode which like the illu- 
mination mode is tri-dimensional — e.g., a 
clear mass of red jelly; and the film mode in 
which the colour seems soft and without 
definite location in depth — e.g., overcast sky. 

The film mode is the simplest or basic mode 
in the sense that all other modes can be reduced 
to it by appropriate viewing through a small 
aperture in a screen. When a surface colour, 
for instance, is reduced to film colour, as by 
looking through an aperture screen, the sur- 
face mode is destroyed and the colour thereby 
becomes disassociated or unrelated. The 
several modes of appearance are classified as 
object modes (surface, volume, and illuminaot) 
and non-object modes (illumination and film) 
according to whether or not they are related to 
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FUNDAMENTAL COLOUR SYSTEM. The colours occupy a 
ay stem of cylindrical co-ordinates: A, brightness, increasing 
vertically; 8, saturation, increasing radially from the centre; 
T, hue, varying with angle about central axis. 

particular physical objects. The modes of 
appearance depicted in colour photographs 
naturally contribute to their verisimilitude. 

COLOUR SYSTEMS 

The most complete, fundamental colour 
system is the full gamut of normal colour vision 
itself; and this of course includes all the 
millions of realizable combinations of hue, 
saturation, and brightness (or lightness) in all 
the different modes of appearance of colour. 
The colours in any mode can be conceived as 
occupying a system of cylindrical co-ordinates 
in geometrical three-space with brightness 
increasing vertically, saturation increasing 
radially, and hue varying with angle about the 
centralachromatic axis. 

Practical working systems of colour are 
more than mere classifications; they are 
designed for demonstrating, selecting, identi- 
fying or specifying given or unknown colours 
and colour samples. (A colour sample is any 
object designed for use with prescribed lighting 
to produce a colour stimulus which will evoke 
a particular colour.) To achieve their pur- 
poses, the working systems include selected 
series of colour samples (or at least designations 
of such series), which are capable of evoking 
in a normal observer under appropriate view- 
ing conditions, such portion or portions of the 
full perceDtual gamut as may be necessary for 
the purposes in hand. 

Munsell System. The Munsell system of colour 
not only meets the above requirements but 
also affords the closest available appearance 
analogue of the fundamental system. This is a 
surface colour system based on over 1,000 
standard colour papers for daylight viewing. It 
is organized in cylindrical co-ordinates with 
Munsell value increasing vertically, chroma 
increasing radially, and hue varying with angle 
around the central (achromatic) axis. These 
three stimulus dimensions of the Munsell 
system are correlated respectively with the 
fundamental attributes of lightness, saturation, 
and hue. The correlation between chroma and 


saturation happens to be closer on any one 
value level than between different value levels, 
for reasons beyond this discussion. In general, 
however, the perceptual spacing of the colour 
samples is approximately uniform throughout 
the system. 

Any principal vertical section through the 
Munsell system reveals varying values and 
chromas of two opposite constant hue planes — 
e.g., yellow and purple-blue — separated by the 
neutral (achromatic) axis. Any horizontal 
section, on the other hand, shows a plane of 
constant value with varying hue and chroma. 
The hue, value, and chroma scales are naturally 
used for describing or notating the standard 
colour samples. The Munsell notation Y 8/12 
for instance, refers to a sample of yellow Munsell 
hue, value 8, and chroma 12. This particular 
sample normally evokes a colour of yellow hue, 
rather high lightness and strong saturation. 

Any unknown colour sample can be identi- 
fied or specified simply by matching it in day- 
light with a notated colour sample, if such is 
available; moreover, interpolation is feasible 
within the orderly standard arrangements of 
Munsell samples. 

C.I.E. System. The widely used international 
system is called the C.I.E. (Commission Inter- 
nationale de l’Eclairage) standard co-ordinate 
system for colorimetry. This illuminant colour 
system is neither uniformly spaced nor does it 
provide actual colour samples for viewing. 
Nevertheless, the C.I.E. system is based on 
visual observations, or more explicitly, on a 
hypothetical standard observer purporting to 
represent normal human observers. Unlike 
those of any living observer, however, the 
colours of the standard observer are unaffected 
by differences in either individuals or viewing 
conditions. To evaluate a given or unknown 
colour stimulus, it is simply colour matched 
and its C.I.E. specifications then calculated on 
the basis of the known characteristics of the 
standard observer. The actual match may be 
made by a photo-electric colorimeter designed 
to perform like the standard observer or by a 
normal human observer using a 2° field and 
dark surround. In either case the resulting 
C.I.E. specification consists of three numbers, 
X, Y, Z, called tristimulus values which locate 
the colour in space. 

These numbers indicate the amounts of three 
hypothetical colour stimuli which would be 
required, in an additive mixture, to match the 
given colour stimulus. If desired, this general 
specification can be reduced to a form suggestive 
of colour appearance. In this form, dominant 
wavelength, purity, and luminance are related 
to hue, saturation, and brightness, respectively. 
The dimensional arrangement is similar to that 
of the fundamental attributes already described. 
The vertical dimension corresponds to big Y 
because that is proportional to luminance. 
The chromaticity diagram itself is a rectangular 
plot of small x against y where, as follows: 


b.— H 


221 



COL 


X + Y + Z 

and 


J X + Y + Z 

This diagram represents the various combina- 
tions of dominant wavelength and purity, that 
is, chromaticities, including the limiting 
chromaticities of the spectrum stimuli. 

Various investigators have tried repropor- 
tioning the C.I.E. system to achieve closer 
approximation to the visual uniformity of the 
fundamental system. These and other systems, 
some of which are mentioned below, can 
be converted to the C.I.E. system by available 
transformation equations. 

The above systems afford some conception 
of the nature and characteristics of good colour 
systems in general. The value of any particular 
system will depend, of course, on its suitability 
for intended applications. 

Other Systems. Only a few of the other valu- 
able systems can be mentioned here. 

The Ostwald surface-colour system, ori- 
ginally published in 1917, is now represented by 
a collection of over 900 mat and glossy colour 
samples in the Colour Harmony Manual. 

The calibrated coloured glasses of the well- 
known Lovibond subtractive system continue 
to be useful in conjunction with the Tinto- 
meter for evaluating either reflecting or trans- 
mitting samples. 

The I.S.C.C.-N.B.S. (Inter-Society Colour 
Council — National Bureau of Standards) 
system of designation consists of over 300 
meaningful and carefully related colour names 
representing corresponding blocks of Munsell 
colour space which are small enough for many 
purposes. 

Among the colour dictionaries is that of 
Maerz and Paul which contains 7,000 printed 
colour samples many of which are correlated 
with common colour names. 

Ridgway’s earlier series of over 1,000 fully- 
named samples was recently restandardized. 

Villalobos’s recent colour atlas of over 7,000 
small colour samples is characterized by un- 
usually good spacing. 

There are available numerous coded sample 
collections for more special applications, such 
as the Horticultural Colour Chart of over 
1,000 samples for evaluating and comparing 
flowers; others are for agricultural products, 
textiles, paints, printing inks, plastics, tiles, 
and rocks. 

Various useful colorant-mixture systems have 
been devised. Such systems commonly provide 
series of colour samples together with formulae 
for reproducing their appearance by admixture 
of several standard paints or other colorants. 
Similarly, subtractive colour photography 
depends on sets of standard cyan, magenta, 
and yellow dyes, though these are combined 
in layers rather than by physical mixture. 


COLOUR HARMONY 

When a presentation of two or more con- 
current colour stimuli typically affords a 
pleasing impression, there is colour harmony. 
More strictly, colour harmony refers to the 
pleasingness of the combination itself, over 
and above any favourable effect of the com- 
ponents taken separately. This harmony of the 
combination itself seems more stable and 
fundamental than the liking for colours taken 
separately, and so the distinction is of some 
importance. Common usage, however, ignores 
the significance of the combination as a unit, 
and simply correlates colour harmony with 
over-all pleasingness. 

Criterions. Everyone sees colour arrangements 
which he personally likes or dislikes, but colour 
harmony is more than a mere matter of indi 
vidual taste. Though necessarily based on 
personal preference, colour harmony is con- 
ceived as a social phenomenon which is sub- 
ject to statistical and experimental test; only if 
enough qualified people like an arrangement is 
it to be regarded as really harmonious. “Quali- 
fied people”, according to the older view, com- 
prised a relatively small group of acknowledged 
experts; according to the newer view, the con- 
temporary population in general. Thus the 
consensus of the group provides the criterion 
of colour harmony. 

Great difficulty has been encountered, how- 
ever, in establishing the subject of colour 
harmony on a dependable basis. Despite the 
many outstanding artistic contributions through 
the ages, it would be possible even today for 
any colourist to pose with the public as a colour 
harmony expert and promote almost any 
general collection of colour samples of possibly 
completely haphazard relationship as a system 
of colour harmony. 

This state of affaire is readily understand- 
able in view of the many variables involved and 
the many different combinations which can 
afford colour effects which are at least accept- 
able. Moreover, aesthetic preferences them- 
selves are so often slight, doubtful, or even 
lacking, that serious objections to a confident 



C./.E. CHROMATICITY DIAGRAM. The fundamental colour 
dimensions are here related to the C.I.E. chromaticity dia- 
gram. A, luminance, corresponding to brightness ( axis 
erected at a chosen neutral point); B, purity ( corresponding to 
saturation ); C, wavelength ( defining hue). 
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PLOCHERE HUE CIRCLE. This is an elaboration on Rood's 
hue circle. Complementaries are opposite each other, triads 
at the ends of the triple pointer. The basic colours are B, 
blue; G, green; Y, yellow; O, orange; R, red; P, purple. The 
capital letters signify the basic colour of each hue, the small 
letters increasing admixture of a second colour. Thus RO 
is red-orange ( red and orange of equal dominance ), its com- 
plementary Gbb is predominantly green with strong blue 
admixture, Gb the same with less blue. 


recommendation are unlikely. The general 
picture is complicated by variations to be 
expected in different times and places due to 
differences in personalities, colour fashions, 
customs, cultures, national and local traditions, 
and ethnic groups. 

Probably the greatest difficulty is one which 
has only recently been removed, that is, 
inability to control colour stimuli closely 
enough; for unless various combinations can 
be produced and reproduced in various settings, 
the experimental investigator cannot verify 
his findings or even know what he is working 
with. But this unsatisfactory situation is im- 
proving significantly and may eventually be 
eliminated now that effective experimentation 
is feasible. 

In the meanwhile, there are various technical 
groups such as artists, decorators, architects, 
industrial designers, lighting engineers, and 
photographers who are becoming increasingly 
concerned with the production and control of 
colour harmony. They have at their disposal a 
considerable accumulation of aesthetic rules 
and precautions which have gradually accu- 
mulated through the centuries and which are 
beginning to feel the impact of scientific correc- 
tions. Restrained use of traditional precepts, 
as in choosing arrangements for preliminary 
check viewing or getting a point of departure, 
can be effective. 

If something exceptionally good is hit upon, 
a careful record of the circumstances can be 
made for future reference. By trial and error, 
an effective repertoire may be developed. 
Following is a summary of the more persistent 
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older precepts, and also more recent develop- 
ments. 

Single Colours in Isolation. Colours which are 
pleasing separately tend to be pleasing in 
combination. Taken separately and on the 
average, red and blue are the most pleasing 
hues, while yellow and orange are the least 
pleasing. Within limits, increasing the lightness 
of a colour increases its pleasingness, and 
similarly for saturation. A minority group 
prefers relatively weak, desaturated colours. 
Colour space is marked by limited regions 
rather than sharp points of pref erence. 

Continued contemplation of a colour sample 
tends to produce affective adaptation — i.e., 
reduction in pleasantness or unpleasantness 
toward indifference. In closely successive 
viewing, affective contrast may either increase 
or decrease pleasantness, depending on the 
direction of the contrast. Preference for particu- 
lar colours is affected by age, fashion, and other 
factors. Colour preferences vary more between 
individuals than within individuals. 
Combinations of Colours. In regard to binary 
combinations, large or small rather than 
moderate hue differences harmonize best. 
According to this, for example, a neck tie of 
yellow or greenish-blue (but not green) would 
go with a blue shirt. Experiment confirms that 
harmony increases with increased hue differ- 
ence. Reference to Rood’s hue circle is helpful 
in visualizing hue intervals. Complementaries 
are located in the hue circle about opposite 
each other — i.e., at maximum hue interval. 
They can be readily paired by reading off the 
colours at the opposite ends of a double- 
headed arrow. Exact complementaries, how- 
ever, seem no more harmonious than nearby 
hues. 

High contrast in either saturation or bright- 
ness is harsh and likely to produce dazzle or 
flutter; complementaries harmonize best when 
one or both are unsaturated. (The recommenda- 
tion that triads or triple colours be equi-spaced 
in hue, can be followed by using a triple- 
armed pointer on the Rood’s circle.) Com- 
plementaries may be combined with related 
colours and two pairs of complementaries are 
sometimes used together. Other “four-colour 
harmonies” and still more complex combina- 
tions have been endorsed. The more complex 
hue combinations depend greatly on effective 
use of saturation and brightness. In regard to 
aesthetic balance, strong saturation is best 
restricted to small areas. Large areas of weak 
saturation balance small areas of strong 
saturation; the same thing happens with light- 
ness. Saturation and lightness have been com- 
bined in a single balance formula. 

Designs and Decorations. Colour contributes 
to other aesthetic factors, and the more com- 
plex a design or composition the greater this 
contribution can be. Thus colour can be used 
to simplify by obscuring irregularities, as with 
paint; and colour can contribute to aesthetic 
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unity by employing a dominant hue, or an 
extended background, or repetition. Contrast- 
ing colour can place desirable accent on regions 
of special interest. Lightness variation can 
avoid vagueness or monotony, especially in 
monochrome designs. Colour can contribute 
to mood as by subtle textural effects and modes 
of appearance. Dominantly warm colours in a 
composition create a warm impression, and 
dominantly cool colours create a cool im- 
pression. Dark colours are suggestive of 
greater weight, while light colours are more 
suggestive of size. 

The natural lightnesses of colours are 
considered safest, for instance, light for yellow 
and dark for purple-blue. Moreover, the 
pleasing colour complexes of nature may per- 
sist or even actually improve in pictorial 
conditions, but they are not dependable for 
human designs. 

Over-all pleasingness often depends greatly 
on appropriateness or suitability in relation to 
function; for example, a painted industrial 
machine is more satisfactory if the colour 
contrasts are arranged to minimize fatigue, or 


a decorative poster is more agreeably informa- 
tive if it is legible. More general environmental 
harmonies are achieved by colour co-ordina- 
tion of larger units such as work rooms, whole 
interiors and exteriors, aeroplanes, trains, and 
housing developments. 

Though many of the present available rules 
and precepts are helpful, they are too simple 
and specific to apply unreservedly to designs 
of complexity. There are signs that more 
adequate, higher-order principles of colour 
harmony may eventually be discovered. 

Of recent years the general public have begun 
to take a greatly increased interest in colour. 
This naturally results in broader and more 
discriminating colour perceptions, more critical 
demands for adequate colour systems, and a 
greater sensitivity to colour harmonics and 
discords. These developments tend to stimulate 
scientific progress in colour and colour photo- 
graphy. S.M.N. 

See also: Colour; Psychology of vision. 

Books: An Introduction to Color , by Ralph M. Evans 
(New York); Color In Business, Science and Industry, 
by Deane B. Judd (New York). 


COLOURING PRINTS 


Many people look on a hand-coloured 
photographic print as a satisfactory substitute 
for one made by direct colour photography. 
It is certainly possible to achieve very beautiful 
results, much depending upon the skill of the 
worker and his knowledge and sense of colour. 

The principal types of colour used for hand- 
work on prints are dyes, transparent oil colours, 
and pastel chalks. It is also possible to use 
chemical methods. 

Most subjects are suitable for hand-colour- 
ing, but simple colour schemes are the best. 
When colours in the original are likely to 



COLOUR CHART. This indicates what colours are required to 
mijt a particular shade. The outer circle covers pure colours, 
the artist’s primaries being red R. yellow Y, and blue B. The 
inner segments show the tones obtained by adding white. 


render as dark tones in the print, it is advisable 
to use a suitable filter to lighten the tone when 
taking the picture. 

Transparent Colours or Dyes. Dye tinting is 
the simplest method of colouring prints. The 
colours can be bought in sets either in solution 
or dry, coated on sheets of paper (these must 
be dissolved in water for use). Dyes are trans- 
parent and can be used for prints, lantern 
slides, or larger transparencies. The dyes can 
be diluted with water and they are easily 
applied as an even wash of colour. Dyes of 
different colours can be combined to give any 
desired tint. Being fully transparent they do 
not obscure any of the detail, tone and grada- 
tion of the photographic image. If the first 
attempt at colouring does not give a strong 
enough effect, a further wash or washes of 
colour may be applied. 

The best practice is to build up to the depth 
of lint required by applying successive washes 
of colour. If the result looks exaggerated, the 
colours can be toned down by soaking the 
print in water. Dyes cannot be completely 
removed from the emulsion by soaking, but 
stubborn colours will usually yield to a weak 
solution of carbonate of soda. 

Good quality brushes should be used, parti- 
cularly for small size prints. Size O is suitable 
for very small details and 2 and 4 for larger 
areas. 

Small prints can be very effective when 
coloured. A semi-matt surface is probably best 
for taking the colour. The print to be coloured 
is soaked for five minutes, laid upon a sheet of 
glass, and the surplus moisture blotted off. The 
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PRINT COLOURING WITH DYES. I . Sook prints in worm water. 
2. Mix dyes as required from concentrate or solid. 3. Place 
print on a sheet of blotting paper, and support on a glass plate. 
A. Blot off surplus moisture. 5. Apply washes of diluted colour 
Co large areas. 6. Take up excess liquid with edges or corners 
of clean blotting paper, to avoid sharp colour edges. 7. Use 
small brush to apply more concentrated colour to details. 


print is then ready for colouring with successive 
faint washes. The washes should be carried 
right up to the edge of the outline without 
overlapping on to an adjacent colour. Spaces 
between the edges of different colour areas are 
then filled in with a mixture of both colours. 

The depth of the tint will depend upon the 
subject. In general, prints for colouring should 
be fairly light in tone; dark prints tend to look 
dull and muddy. Portraits are best kept in a 
high key and may be sepia-toned first. 

OB Colouring. Prints can be coloured with oil 
colours, but it is a difficult job and best left 
to the professional artist. Transparent oil 
colours are used; they must not be mixed with 
white or opaque colour. The print, preferably 
on semi-matt paper (sepia-toned in the case of 
a portrait), is prepared by applying the special 
medium supplied by the maker of the colours. 
Artists’ megilp thinned with pure turpentine 
may be used. The colours are applied to areas 
of any size on tufts of cotton wool; brushes 
are used for the smaller details. 

The print should be fixed by its four comers 
to a smooth board covered with several sheets 
of blotting paper. 

A small tuft of cotton wool is wound around 
the point of a small piece of wood; these are 
supplied in the colouring outfits. The tip of the 
cotton wool is worked into a fine point. This 
is placed in the colour, the latter being upon a 
palette or sheet of clean glass. The cotton wool 
is then applied to the area to be coloured, work- 
ing it into the surface, and following the out- 
lines carefully. The colours may be worked 
further into the surface of the print with an- 
other piece of clean cotton wool. Any colour 
found incorrect or excessively brilliant can be 
reduced or removed with cotton wool mois- 
tened with the thinning medium. 

After colouring is completed the print should 
be dried in a warm, dust-free atmosphere. 

Often the reds, crimson and carmine can be 
made brighter by the addition of a little yellow. 
YeUow can also be added to the greens to pro- 
duce greater brilliance. 

Greys are the result of equal parts of blue, 
yellow and crimson diluted according to the 
depth of the grey. 

A few experiments with the actual colours 
along these lines will soon indicate the possi- 
bilities. 

Pastel Chalks. Coloured chalks are extensively 
used by professional colourists, but their use 
calls for considerable skill; the colour is 
opaque and needs to be applied very lightly. 
The print should be light in tone and pre- 
ferably of a fairly large size. 

The print surface is prepared by rubbing it 
lightly with fine pumice powder, and the 
colours are then applied with small pieces of 
cotton wool. Or the crayon may be rubbed on a 
piece of cartridge paper from which it is 
wipedoffwitha piece of cotton wool and applied 
to the print. Excess or overlapping colour can 
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OIL COLOURING. I. Attach print to a hard surface ( e.g ., a 
board covered with blotting paper). Clean surface of print with 
turpentine, and leave to dry. 2. Mix colours on a palette, 
thinning with turpentine as necessary. 3. Apply colour to main 
areas with a cotton wool rubber. A. Grade the colour to correct 
shade by carefully rubbing off excess with clean cotton wool. 
This also blends edges and hard outlines. Bottom: Cotton 
wool rubber, consisting of a tuft of cotton wool wrapped round 
the end of an orange stick. Replace cotton wool frequently. 

226 


be removed with a pointed india rubber. Fine 
detail can be filled in with a small piece of 
chamois leather twisted around a match stick. 
Very fine detail is best put in with water colour. 

Chalk colouring needs to be fixed: the print 
may be held in the steam from a kettle, or 
sprayed with the special liquid fixative sold by 
the makers of the colour. 

Colour Blending. All colouring should be done 
in soft daylight, as it is difficult to judge the 
effect of the colour by artificial lighting. 

The successful colouring of photographs 
depends very largely upon an understanding of 
the art of colour blending. 

The best results will be obtained when the 
colours are well diluted. Very vivid colour 
effects are rarely successful. For small prints 
the colouring should be delicate. 

The beginner should study the effects of 
painters and especially note the relative depth 
of colour of near and more distant objects. The 
latter are much more soft in colouring than 
those close at hand. By this means depth can be 
easily conveyed. 

Colours are rarely used alone. The results 
are most harmonious when a given colour is 
obtained by combinations. The following is a 
short guide to some of the hues that are ob- 
tained by combinations of colour. 

Red and blue make purple. 

Sap green and yellow make pale green. 

Flesh and yellow make brick red. 

Red and yellow make orange. 

Navy blue and green make dark green. 

Carmine and blue make purple. 

Yellow and blue make green. 

Still further modifications are possible as any 
of the colours in an above pair can be given a 
deeper tone suggestive of either by using more 
of one and less of the other. For example, more 
yellow and less blue will produce a light green 
while more blue and less yellow yields a blue 
green. 

Chemical Methods. Various methods have been 
used which utilize chemical means of hand- 
colouring. These processes are usually more 
complicated than normal hand-colouring. 

One such system that has been employed 
uses normal chemical toning baths and a hand- 
painted resist to prevent parts of the photo- 
graph from being toned. In this way, only 
selected parts of the image are toned in one 
colour. The process is then repeated with fresh 
resists and other colour baths, building each 
colour up separately. 

With another process, special materials are 
employed and the colour is applied selectively 
with a brush, any mixture of colours being 
possible. The colours react with the silver 
image in the print, replacing it entirely in 
proportion to the silver present. In this way, a 
pure colour image is obtained. R.M.F. 

See also: Flextchrome process. 

Book: All AbouJ Colouring, by R. M. Fuutone 
(London). 



COLOUR LIGHTING. The lighting needed 
for taMng colour photographs must fulfil cer- 
tain requirements. 

For normal results it must be of the correct 
colour temperature for the colour materials 
being used in the camera; it must be suffi- 
ciently bright to permit a reasonably short 
exposure time; it must be arranged so that the 
brightness range of the subject is kept to a 
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minimum; it must emit a continuous spectrum 
to reproduce colours accurately. 

See also: Colour materials; Colour technique; Colour 
temperature; Contrast; Lighting the subject; Light sources. 

COLOUR MASKING. Method of compensa- 
ting for deficiencies in subtractive dyes when 
reproducing colour transparencies. 

See also: Masking. 


COLOUR MATERIALS 


Materials for direct colour photography 
are generally classified according to the system 
of colour synthesis and type of processing 
employed. They fall into the following groups: 

( 1 ) Additive materials with i ntegral screen. 

(2) Additive materials with separate screen. 

(3) Subtractive reversal materials. 

(4) Subtractive negative materials. 

(5) Subtractive positive materials. 

In addition, black-and-white materials are 
used in various indirect processes. 

Additive Materials with Integral Screen. These 
use a panchromatic silver halide emulsion 
which is processed in the normal way to either 
a negative, or more usually, a reversal positive. 

A mosaic of transparent red, green, and blue 
elements between the support and the emul- 
sion breaks up the light into its primary com- 
ponents, and so produces small image units 
corresponding to the colour of the image at 
each point. These image units in combination 
with the colour units then yield the additive 
colour picture 

The mosaic in one additive process consists 
of a mechanically ruled pattern of blue and 
green squares and red lines. The three are pro- 
portioned so as to occupy approximately one- 
third each of any unit area. 

An earlier system, still in use, employs a 
mixture of coloured starch or resin grains 
spread upon the support between the lacquer 
and the emulsion. The drawback of this system 
is that the apparent graininess is greater than 
the size of the starch or resin grains. This is 
not due to incomplete mixing of the colours, 
but to the fact that a certain amount of clump- 
ing of grains of the same colour is unavoidable 
in a chance distribution. 

Since the grains act as filters, and are posi- 
tioned between the emulsion and the support, 
additive materials with an integral screen have 
to be exposed through the support. 

Additive materials with integral screen are 
generally designed to yield positive trans- 
parencies. They have, however, also been used 
to produce additive colour negatives, from 
which positives can be obtained by printing 
on to another additive screen material. This 
requires a special set-up to avoid moire patterns 
or other interference between the two screens. 
Additive Materials with Separate Screen. Here 
the sensitive material is strictly speaking not a 


colour material at all, but a normal panchro- 
matic plate. This is exposed in contact with a 
ruled screen of three colours, and thus works 
in the same way as an additive material with 
an integral screen. 

The screen and sensitive material are 
separated for processing, which takes place in 
the normal way to a negative. From this nega- 
tive it is possible to prepare as many positive 
transparencies as are required. Each of these 
transparencies is then bound up with a view- 
ing screen similar to the screen used during 
exposure, and yields a colour transparency. 
Each positive and screen thus forms an image 
in colour. 

A further advantage of this method is that it 
enables three-colour separation negatives or 
positives to be made by using suitable “block- 
ing screens” which cut out two of the colours 
and leave only the colour required in the 
separation negative. 

Subtractive Reversal Materials. Subtractive 
colour materials consist of three differentially 
colour sensitive layers coated on top of each 
other as an integral tripack. These three layers 
are sensitive to the three primary colours: the 
top layer to blue, the middle layer to green, 
and the bottom layer to red. Generally a 
yellow filter layer between the top and the 
middle layers prevents any blue light from 
affecting the lower two emulsions. 

The material is processed by reversal, the 
second development taking place in a colour 
developer which produces not only a silver 
image but also a dyed image in each layer. This 
dyed image is generally chosen to be comple- 
mentary to the sensitivity of the layer in which it 
is formed. Thus the blue sensitive layer yields 
a yellow positive dye image, the green sensitive 
layer yields a positive magenta dye image, and 
the red sensitive layer yields a positive cyan 
(blue-green) dye image. The three silver images 
are eventually removed by chemical means, 
and the dye images form the composite colour 
picture by subtractive synthesis. 

There are two main types of reversal sub- 
tractive materials, requiring distinctly different 
processing technique. 

The original materials of this kind utilize 
controlled individual colour development of 
each layer. The colour developer in each case 
contains the appropriate colour forming agent. 
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The other type of subtractive reversal film 
incorporates colour couplers in each layer, so 
that one colour developer simultaneously 
develops each layer to its correct colour. 

Subtractive reversal materials yield positive 
colour transparencies on the same support 
which was exposed in the camera. Duplicates 
or prints can, however, be made by printing 
the transparency on to a similar reversal sub- 
tractive material. 

Subtractive Negative Materials. In principle 
these are similar to subtractive reversal 
materials, but are processed to a colour nega- 
tive only. The resultant image is not only 
reversed tonally, but also appears in colours 
complementary to those of the original subject. 
For instance blue skies are recorded brownish- 
yellow, greens appear as magenta, yellow 
appears as blue, etc. 

The choice of colours with negative films 
is fixed by convention rather than by scientific 
necessity; the purpose of the colours is to 
enable the three layers to cover the visible 
spectrum in three approximately even ranges. 

These negatives can be printed by contact or 
enlargement to produce colour prints, black- 
and-white prints, or colour transparencies. In 
each case the colour negative can be used to 
produce unlimited numbers of positives. 

In addition, the colour negatives may be 
used to produce direct separation positives 
for various indirect colour printing processes. 

Some subtractive negative materials incor- 
porate suitable masking layers to compensate 
for the shortcomings of the image dyes. The ab- 
sorption of these dyes often deviates appreciably 
from the ideal absorption required for perfect 
colour reproduction. In some materials of this 
type the colour couplers incorporated in the 
emulsions are themselves coloured and thus 
automatically modify the response of the 
respective emulsion layers. 

Subtractive Positive Materials. In structure and 
general principle subtractive positive materials 
are similar to subtractive negative materials. 
They are used for printing colour negatives to 
yield prints or transparencies. The positive 
material differs from the corresponding nega- 
tive material mainly in its gradation and 
spectral sensitivity curves. It is available on a 
paper or film base. 

Grain and Resolving Power. Most colour emul- 
sions are inferior in resolving power to average 
black-and-white emulsion. The way in which 
they are inferior depends to an appreciable 
extent on the system used. 

With additive screen materials (whether the 
screen is integral or separate) the resolution is 
limited by the size of the unit screen element. 
This is the area occupied by three squares, 
starch grains, or resin grains of the three pri- 
mary colours. The screen or mosaic thus be- 
comes visible and even disturbing in compara- 
tively moderate enlargements. In practice, 
there might also be a slight depth of focus 


error due to the fact that the emulsion is 
behind, instead of infrontof.thesupport. 

With the tripack subtractive materials the 
fact that there are at least three, and often as 
many as five, separate layers may lead to a 
certain loss in sharpness. With some materials 
this is accentuated by a slight degree of diffu- 
sion of the colour couplers, both within each 
emulsion layer and from one layer to another. 

Subtractive colour films are often claimed to 
be grainless. While the grain size in each emul- 
sion is probably no smaller than it would be 
with an average black-and-white material, 
the graininess itself tends to get lost. This is 
partly because the image dyes do not form as 
distinct grains as the silver image, partly 
because the differently coloured dye grains 
(such as they are) are very rarely in register in 
the three layers, and partly because the contrast 
of each dye image is lower than of a corres- 
ponding black-and-white silver image. 

In practice, lack of sharpness in colour 
images is sometimes due to inadequate colour 
correction of the lens used to take the picture. 
Colour Balance. As all colour materials rely 
on individual sensitivity to the three primary 
colours, they will yield correct colour reproduc- 
tion only if the light contains these three pri- 
maries in a specified proportion. In practice 
therefore colour materials are balanced for 
Iightsources of given colour temperatures. 

With additive materials the colour balance 
is achieved by suitable choice of the colour of 
the three filter elements of the mosaic. With 
subtractive materials the colour balance is 
obtained by adjusting the relative sensitivities 
of the three emulsion layers. 

In each case there are therefore several types 
of material, balanced respectively for daylight 
and one or other artificial light source. The 
latter is generally taken to be a source of 3,200° 
K. or 3,400° K or clear flash bulbs (4,000° K.). 

If the colour emulsion is exposed by light of 
a different colour temperature than that for 
which it is balanced, the colours will be falsi- 
fied. Thus a daylight type film exposed by 
Photoflood light will show very warm (reddish) 
colours, while an artificial light type film 
exposed by daylight will give pictures with a 
bluish hue. With reversal materials it is thus 
specially important to match the light source 
to the colour balance of the material, as there 
is no stage at which any effective correction 
can be made after exposure. 

Most colour materials can, however, be 
used with light sources for which they are 
not balanced, if a suitable colour correcting or 
colour compensating filter is fitted in front of 
the camera lens. This effectively modifies the 
colour temperature of the light reaching the 
film. 

With subtractive negative film the printing 
stage offers an opportunity for correcting the 
colour balance. For that reason the matching 
of the film to the light source is not so im- 
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portant, and there are many negative colour 
materials which can be used equally well by 
daylight or by artificial light, provided light 
sources of different colour temperatures are 
not mixed. 

Speed. At one time colour materials used to be 
comparatively slow; current emulsions do, 
however, reach the sensitivity of high-speed 
black-and-white films. 

Unlike the case with black-and-white 
materials, there is no generally accepted method 
of determining or stating the working speed of 
a colour emulsion. Speed figures given by manu- 
facturers are therefore approximate, and mean 
that the material should be exposed like a black- 
and-white film rated at the quoted speed. 
Gradation. Most colour materials, especially 
reversal ones for transparencies, cover a 
comparatively short scale of tones. This is 
partly due to the fact that the maximum density 
obtainable with the dyes is less than with silver, 
and partly to the fact that the emulsion is 
designed to be contrasty to yield good colour 
saturation. Some makes provide an alternative 
emulsion of even greater contrast for special 
purposes such as photomicrography and 
copying in colour. 

One result of the comparatively contrasty 
gradation of the film is a very limited exposure 
latitude. This is in part due to the limitations 
imposed by the reversal process and to the 
extreme thinness (and low coating weight of 
silver) of the emulsions. The exposure latitude 
is further reduced by the fact that it is difficult 
to match the gradation of the component 
emulsions of a tripack material sufficiently 
accurately over the whole range of tones. 
Consequently, incorrect exposure results not 
only in loss of tone at the highlight or shadow 
end of the scale, but also upsets the colour 
balance. 

Subtractive negative materials usually have a 
softer gradation and thus an increased exposure 
latitude. They are, however, still limited by the 
lack of colour balance when the exposure 
deviates appreciably from its optimum value. 

Subtractive positive materials are available 
usually in two contrast grades; these cover 
such variations in negative contrast as are still 
within the limits of reasonably accurate colour 
reproduction. 

Image Density. In additive materials the image 
is formed by both silver and the dyes of the 
filter elements. Consequently the image density 
is always comparatively high, which means in 
practice that additive transparencies need 
powerful light sources for projaction. As a pure 
white still involves absorption of light by all 
the filter elements, the maximum transmission 
of light is only about 10 to 20 per cent, corres- 
ponding to a minimum image density of 0-6 to 
about 1 -0. 

The image density of subtractive reversal 
materials on the other hand is comparatively 
low. Pure white is equivalent to full trans- 


TYPES OF COLOUR MATERIAL 


Type 

Speed (ASA) 
D. A. 

Available Characteristics 
as and Uses 

Subtractive 

negative 

25-40 

25-40 

S. R. M 

General photo- 

graphy; processed 
by maker, trade or 
user 

Subtractive 
reversal 1 

0-10 

12-16 

S. R, M 

General photo- 
graphy; emulsion 
incorporates no 
couplers; processed 
by maker only 

Subtractive 
reversal II 

25-50 

25-40 

S. R. M 

General photo- 
graphy. Emulsion 
incorporates coup- 
lers; processed by 
trade or user 

High speed 

100- 

00- 

S. R, M 

Photography by 

subtractive 

reversal 

160 

125 


poor light. Emul- 
sion incorporates 
couplers. Processed 
by trade or user. 
Forced processing 
for extra speed 
often possible. 

Positive print 



pp 

Making paper 
prints from colour 
negatives 

Positive 

transparency 



S. M 

Making positive 
transparencies 
from colour nega- 
tives 

Reversal print 



PI, Pp 

Making direct 
prints from colour 
transparencies 

Duplicating 

reversal 



S. M 

Making dupliate 
transparencies 
from colour trans- 
parencies 

Additive 

reversal 

8-12 

0-12 

S, R 

General photo- 
graphy; usually 
processed by trade 
or user 


Abbreviations. D = speed of daylight type material 
to daylight; A — speed of artificial light type material 
to appropriate artificial light source. Availability: 
S = sheet film; R = roll film; M = 35 mm. miniature film; 
PI = plastic opaque base; Pp = paper. 


mission through all emulsion layers ; the mini- 
mum density is therefore in the region of 0-1 to 
0-3, i.e., similar to that of a black-and-white 
transparency. 

The maximum image density is somewhat 
lower than that of a silver image. 

Supports. Most colour materials are coated on 
cellulose acetate safety film base. Additive 
systems with a separate screen require a sup- 
port of specially high dimensional stability; 
glass is therefore generally used. 

Subtractive reversal materials for print- 
making from transparencies are often coated 
on a white opaque plastic base. 

Positive print materials for making prints 
from colour negatives may be coated either on 
a white plastic support or on paper. 

Sizes. Additive reversal materials used to be 
supplied in the standard roll film and sheet 
film sizes and in 35 mm. and sub-standard cine 
film, but nowadays most makes have ceased to 
be available. Additive negative material was 
also made in the 35 mm. size for professional 
cinematography. 
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Subtractive colour materials (reversal and 
negative) are available in most roll film and 
sheet film sizes, and also as 35 mm. and 8-16 
mm. cine 61m. The range offered by any one 
make is, however, usually limited; thus one 
brand may cover 35 mm. miniature and sub- 
standard cine 61m only, while another may be 
available exclusively in sheet 61m sizes for 
professional photographers. 

Subtractive reversal and positive printing 
materials are available in roughly the same 
range of sizes as black-and-white bromide 
papers, though not necessarily in the same 
variety of sizes. 

Keeping Qualities. The keeping qualities of 
additive materials are in the main determined 
by the storage life of the panchromatic emul- 
sion used. A certain amount of colour deterio- 
ration may also occur on storage due to fading 
of one or other of the dyes used for the 61ter 
element. This, however, is more likely to occur 
after exposure and processing. 

Subtractive colour materials do not keep as 
well as black-and-white materials. Apart from 
normal factors of deterioration such as loss of 


speed, increase of contrast, etc., a complicating 
factor is the presence of three emulsions in- 
stead of one. Owing to their different sensitiza- 
tion, they may deteriorate at different rates, 
thus upsetting the colour balance. This is 
especially apparent with subtractive reversal 
61ms where there is no way of compensating 
for inaccuracies in colour balance after the 
original exposure. 

With many materials the colour balance 
shifts towards red with increasing age. For that 
reason some manufacturers have slightly over- 
balanced the sensitivity of their material to 
blue, on the assumption that the material would 
not be used until some months later when the 
colour balance should be about correct. 

The ideal storage conditions for colour 
materials are on the whole similar to those for 
black-and-white materials. They should be kept 
in a cool dry place, and well away from fumes. 
After exposure the material should be pro- 
cessed as soon as possible. L. A.M. 

See also : Colour film processing; Colour print processes; 
Tripack colour printing. 


COLOUR PRINT PROCESSES 


The principle behind colour printing pro- 
cesses is that almost any colour can be matched 
by a mixture of three subtractive primary 
colours; cyan (blue green), magenta and 
yellow. All colour printing processes are there- 
fore based on subtractive synthesis. 

If the printing process is to be a true three- 
colour process without a fourth grey printer, 
each of the primaries must absorb roughly one- 
third of the visible spectrum and reflect the 
rest of the spectrum as completely as possible. 
This is because the primaries should pass as 
much light as possible and at the same time be 
able to absorb all colours and give a good grey 
or black when superimposed. For accurate 
colour reproduction the characteristics of 
these primaries should also be closely related 
to the colours used in recording the original 
images from which the print is made. 

Modern photographic colour printing pro- 
cesses are of two types: those in which three 
coloured layers are coated one on top of each 
other (integral tripack); and the older processes 
where the three-colour images are printed 
separately and then superimposed. 

Integral tripack is a more modem develop- 
ment and colour prints can be made by printing 
direct from a colour negative or positive colour 
transparency on to the specially prepared paper. 
The relative simplicity of these processes is 
most attractive and they are gaining ground. 
However, although they can give excellent 
results, they do not provide the same degree 
of control which is possible when the three 
images are printed separately. 


Integral Tripack Printing Papers. These print- 
ing papers work on the same principle as the 
subtractive type of transparency. The three 
image layers cannot however be as dense 
because the maximum control they can exercise 
is limited to the difference in light reflected from 
the white base and the darkest black of which 
the print surf ace is capable. 

The three layers are sensitive to red, green, 
and blue light respectively, and analyse and 
record the light coming from the colour nega- 
tive or transparency in terms of the additive 
primaries, red, green, and blue. These three 
layers are subsequently converted into coloured 
images in the subtractive primary colours cyan, 
magenta and yellow and so form the colour 
print. Colour rendering in the print can be 
easily controlled by using colour Alters during 
printing, but little or no contrast control as 
between the three colour images is possible. 

There are two kinds of integral tripack 
printing papers which are intended for printing 
from positive colour transparencies and colour 
negatives respectively. 

The colour negative is solely a means to the 
end because it is a negative with the colours 
complementary to those of the subject and 
hence of no value in itself. It is thus possible 
even to include self -masking dyes in the nega- 
tive image. For this reason, the process can 
theoretically be designed to give better colour 
reproduction than direct prints made from 
a positive transparency. There is also the 
further advantage that neither the negative 
nor print require reversal; this cuts down the 
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TRIPACK COLOUR PRINTING. I. Subject consisting of Blue B, 
green G, red R. white W, and black B. 2A. A colour negative 
film records each colour only in the layer sensitive to it. The 
dyes formed are complementary to the original sensitivities. 
3A. On printing on a positive colour material, the layers are 
affected in the same way, reversing the colours lo form the 
colour print. 

2B. A positive transparency consists of similar colours to a 
positive print. 3B. To make a reversal print, the material is 
exposed to the transparency and developed to a negative silver 
image. 4B. The unexposed ports of each layer are converted 
into a colour image, and the silver removed. 


processing to two essential steps — colour 
development and fixing, although more are 
often needed in practice. 

With positive colour papers it is also possible 
to make prints direct from separation negatives 
by giving the printing paper one exposure from 
each of the negatives using respectively red, 
green and blue filters over the light source. 
Correct registration does however present 
appreciable problems. 

Reversal papers used for making prints from 
positive colour transparencies require at least 
five steps for processing; first development, 
bleaching, second exposure, colour develop- 
ment and fixing. Often the material is coated on 
a white opaque film base instead of on paper. 
Separate Image Processes. In many commercial 
processes the separate images are made via 


three separation negatives taken direct from 
the original subject or from a colour trans- 
parency. An exception to this is when separa- 
tion positives are printed direct from a colour 
negative on to panchromatic material through 
red, green and blue filters in succession. 

Separation negatives are made direct from 
the subject by photographing it three times 
through red, green and blue filters. Unless an 
expensive beam-splitting camera is used, photo- 
graphs taken by this method are limited to still 
life subjects. When a positive colour trans- 
parency is used as the original, it can be photo- 
graphed three times through tricolour filters or 
printed or enlarged in a similar way to yield 
separation negatives. 

Most transparencies have a very great tone 
range. This fact, coupled with the imperfections 
of the dyes used in both the transparency and 
in the final colour print, make it important to 
apply some kind of correction if the full advan- 
tages of the separate image processes are to be 



CARBRO IMAGE FORMATION. I. Sensitized pigment paper 
squeegeed into contact with bromide Print. This forms a 
tanned gelatin image. 2. Pigment paper squeegeed on Co 
plastic temporary support. 3. Gelatin relief left after hot 
water treatment. 4. Relief on plastic support squeegeed on to 
gelatin-coated permanent support. 5. Final pigment image on 
permanent support af ter stripping off temporary support. 
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used. By the use of masking — weak positives 
bound up in register with the separation nega- 
tives — it is possible to achieve very faithful 
colour rendering. 

When separation negatives have been made 
by one of these methods, it is then necessary to 
make the final print from them. The main 
methods of obtaining the positive colour images 
for superimposition are pigment (carbro, 
carbon, Duxochrome), dye imbibition, chemical 
toning and dye toning. 

Carbro and Carbon. These two allied colour 
printing processes are the oldest ones in com- 
mon use today. They are capable of giving a 
gradation in the highlights and shadows which 
is seldom equalled and not yet surpassed by 
other processes. 

They depend on the tanning action of 
chromium compounds on gelatin, and the 
difference between the two processes lies in the 
way in which this tanning action takes place. 

In the carbon process the three coloured 
gelatin images are made by sensitizing specially 
repared sheets of pigment paper in a potassium 
ichromate sensitizer and then printing them 
directly from the separation negatives. Tanning 
action takes place in proportion to the expo- 
sure and after transferring the pigment papers 
to transparent supports the untanned gelatin 
can be washed away in hot water leaving three 
coloured relief images. These are then com- 
bined on one sheet of paper to form the final 
colour print. 

The disadvantage of the car on process is 
the very low sensitivity of the pigment paper. 
This means that it usually has to be printed by 
contact from an enlarged negative using a 
special light source such as an arc lamp. 

Carbro overcomes this disadvantage but at 
the cost of an additional step. In carbro three 
bromide prints or enlargements are made, one 
from each of the separation negatives, and the 
tanning action takes place when the wet sensi- 
tized pigment paper and the bromide print are 
brought into contact. 

Carbro is, on the whole, an easier process for 
the amateur particularly as the bromide 
prints give a useful visual guide for exposure 
and colour balance. The definition is not quite 
up to that of carbon because the tanning action 
is caused by diffusion of the chemicals between 
the pigment paper and the bromide print. For 
most practical purposes this is quite unim- 
portant and the definition obtainable with 
carbro is superior to many other colour print- 
ing processes because of the perfect registration 
which can be obtained when superimposing the 
three colour images. 

Duxocbrome. This is a pigment process like 
carbro, but the image is obtained by direct 
development. It uses special films consisting 
of a gelatin layer containing both sensitive 
silver salts and colour pigment mixed together 
and coated on a celluloid base. Three separate 
films are provided, one for each colour. After 


exposure to the appropriate separation nega- 
tives the films are developed in a tanning 
developer and the surplus gelatin washed off 
in hot water. Since the Duxochrome film con- 
tained coloured pigments the resulting relief 
images have varying depths of gelatin mixed 
with proportionate amounts of pigment and 
developed silver. 

To complete the print the silver image is 
removed by bleaching and fixing and the 
reliefs are transferred and registered in turn 
from their celluloid supports on to a final 
gelatin coated paper. 

Colour Development. The principle of this is 
the same as that of tripack positive materials, 
except that the images are initially on separate 
supports instead of being superimposed on one 
base. 

Three separation positives are made on 
stripping film, and developed in appropriate 
colour coupling developers. After bleaching 
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DYE TRANSFER IMAGE FORMATION. I. Latent image formed 
on inside of emulsion layer of matrix film exposed through 
base. 2. Silver image developed in tanning developer. 3. Gelatin 
relief left after treatment in hot water and bleaching of silver. 
4. Dyed gelatin relief brought into contact with gelatin coated 
and mordanted paper. 5. Dye image transferred to gelatin 
layer of coated paper after removal of matrix. 
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the silver image, fixing, washing and drying, the 
dye images are stripped off their supports and 
superimposed in register. 

Imbibition. Three matrices or gelatin relief 
images are used as vehicles for absorbing 
coloured dyes and then for transferring them 
as dye images to a specially prepared paper 
which forms the final colour print. 

The gelatin reliefs may be obtained by 
printing the separation negatives on a special 
matrix film. After processing in the normal 
way, the image is bleached in a tanning 
bleacher, and the untanned gelatin removed 
by washing with hot water. 

In the dye transfer process the matrices are 
made by printing the separation negatives on 
to the matrix film, developing it in a tanning 
developer and then washing away the untanned 
gelatin in hot water. 

Once a satisfactory print has been made the 
same matrices can be re-dyed and used for 
making large numbers of inexpensive dupli- 
cate prints at the rate of one in 15 to 30 minutes. 
Chemical and Dye Toning Processes. With 
these processes the three separation positives 
are coloured by toning or dying and are usually 
made on stripping film. This type of film allows 


the gelatin images to remain on a support until 
they are ready to be superimposed to form the 
final colour print. Compared with dye trans- 
fer there is the disadvantage that a new set of 
reliefs are needed for each subsequent print 
that is made. 

In the chemical toning processes the images 
are first bleached then toned in solutions which 
convert the silver images into metal ferro- 
cyanides, such as nickel, lead, cadmium, iron, 
etc. Finally the silver ferrocyanide is removed 
with hypo leaving the metallic images ready 
for combining. 

In dye toning processes the image is bleached 
in a mordanting bleacher which selectively 
mordants the gelatin. On immersing in a suit- 
able dye solution, the gelatin layer absorbs the 
dyes in proportion to the densities of the origi- 
nal image, producing a dye image. Three 
appropriate dye images are then combined in 
the print. H. 

See also: Carbro colour prims; Dye transfer colour 
prints; Separation negatives; Toners; Tripack colour 
printing. 

Books: Amateur Carbro Colour Prints, by Viscount 
Han worth (London); Amateur Dye Transfer Colour Prints, 
by Viscount Han worth (London); Colour Prints , by J. 
H. Coote (London). 


COLOUR SENSITIVITY. Colour sensitivity 
of a photographic emulsion refers to its relative 
response to light over the range of wavelengths 
included in the spectrum. 

See also: Negative materials ; Sensitizer ; Spectral 

sensitivity; Spectrography. 

COLOUR SENSITOMETER. Any device for 
measuring the relative sensitivity of a photo- 
graphic emulsion to the various colours of the 
spectrum. 

See also: Sensitometry; Spectrography. 

COLOUR SYNTHESIS. Any colour of the 
spectrum can be perceived by the agency of one 
or more of the systems of receptors forming 
the retina of the eye. Colours intermediate 
between any two of the primary colours blue, 
green, and red, act on two systems. White 
light affects all three systems equally. So white 
light, or any chosen colour, can be reproduced 
from the raw material of the three primary 
colours, blue, green, and red. This fact is the 
foundation of every system of colour photo- 
graphy in use today. 

There are, however, two different ways of 
arriving at any particular colour: additive and 
subtractive synthesis. In additive synthesis, 
the colour, say yellow, is produced by adding 
together green and red light. In subtractive syn- 
thesis the colour is produced by subtracting 
colours from white light; in this case blue is 
subtracted, leaving yellow. 


Additive Synthesis. The general principles of 
additive synthesis can be best understood by 
following what happens when the process is 
used to make a coloured photograph of a 
typical subject like a bunch of red, yellow, and 
blue flowers and green leaves against a white 
background. 

The first step is to take three photographs on 
panchromatic material through three filters, 
red, green and blue. The filters used are called 
tricolour filters because each is transparent to 
roughly one-third of the spectrum, just as 
three sets of receptors in the eye are each 
believed to be sensitive to one-third of the 
spectrum. 

(1) The red filter passes the red light from the 
red flowers, and most of the yellow light from 
the yellow ones. All the light passed by this 
filter affects the emulsion and produces a black 
deposit on development. But the green and 
blue light does not get past the filter and does 
not register on the plate. So the green and blue 
areas will remain clear on the negative when it 
is developed. The negative is now used to make 
a positive transparency on a lantern slide. The 
clear areas on the negative corresponding to the 
image of the leaves and the blue flowers repro- 
duce as black areas on the positive. 

(2) The green filter lets through the light 
reflected by the yellow flowers and green leaves, 
but stops that from the red and blue flowers. 
So a positive transparency from this negative 
will show the red and blue flowers as a 
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blackened image while all yellow and green 
areas will be clear. 

(3) The blue filter only lets through light 
from the blue flowers so its transparency will 
show the red and yellow flowers and the leaves 
as dark areas, and the blue as clear patches. 

Now all three positive transparencies are 
projected from three lanterns on to a screen, 
one on top of the other, each through the filter 
it was taken with. The background will be 
clear on all slides and “add up” to white. But 
on two of the slides (the green and blue), the 
image of the red flowers consists of an opaque 
deposit of silver which prevents light getting 
to the screen. So only the light from the red 
lantern gets to the screen. This gives a red 
image of the red flowers. 

The image of green leaves exists as opaque 
silver on the red and blue slides, so the only 
light that can reach the screen through the 
leaf image comes from the green lantern, giving 
a green picture of the leaves. 

In the same way the blue lantern projects a 
picture of the blue flowers which are blocked 
out in metallic silver on the slides in the red 
and green lanterns. 

The image of the yellow flowers only 
appears as an opaque deposit on the slide in 
the blue lantern, so that it allows both red and 
green light to shine on the screen. These two 
colours appear to the eye as yellow, so the 
whole picture is reproduced in its proper 
colours. The process is an additive process, 
because it arrives at the result by adding the 
three different pictures from three separate 
lanterns. At the same time, however, each 
filter cuts out at least two-thirds of the white 
light available and uses only one-third at best. 

Additive synthesis as here described formed 
the basis of the first demonstration of colour 
synthesis in photography. It has, however, 
never been used to any extent in practical 
photography. All additive systems of colour 
photography depend on splitting up the image 
into microscopic red, green and blue elements 
placed side by side. Owing to their small size, 
the elements are fused by the eye and produce 
the same effect as the three superimposed 
lantern slide images. 

Subtractive Synthesis. The second system of 
synthesis works in a different way. It is con- 
cerned not with the colour of light that a filter 
will pass, but with the colours it holds back. 
From what has been said, it is clear that a filter 
is transparent (or nearly so) to one set of 
wavelengths, and nearly opaque to the others. 
So when a filter appears a blue-green colour, it 
is because it lets blue and green light through, 
but stops red light. It is, in fact, subtracting 
the red light from the white light shinjng on it. 
So a blue-green (or cyan) coloured filter can 
be regarded as a “minus-red” filter. 

A filter that looks a magenta colour because 
it subtracts green rays from the white light 
shining on it is a “minus-green” filter. 


A yellow filter — one that subtracts blue rays 
and passes green and red — is a “minus-blue” 
filter. 

These “minus” filters are the key to the 
subtractive processes. The following illus- 
tration gives the general principles on which 
all such processes depend : — 

As in the previous example, the subject may 
be a bunch of blue, red, and yellow flowers, 
and green leaves, against a white background. 
As before, three negatives are made through 
filters of the primary colours, red, green and 
blue, and these three negatives are used to 
make three corresponding positive trans- 
parencies. 

At this point, the black areas of developed- 
out silver are treated with chemicals and trans- 
formed into corresponding areas of trans- 
parent colour of the minus or complementary 
colour of the filter through which they were 
taken. 

To take them in order: the positive from the 
red filter is converted into a minus-red or cyan 
(blue-green) colour; the positive from the 
green filter is converted to a minus-green or 
magenta colour, and that from the blue filter 
into a minus-blue or yellow. 

Now, instead of being projected separately, 
the three transparencies are bound together in 
register and projected as a single slide. Since 
there is a clear background on all three posi- 
tives, the background will be white, the colour 
of the projection light. 

(1) The red flowers are registered on the 
green and blue filter positives, which are now 
minus green and minus blue in colour respec- 
tively, that is they subtract the green and blue 
light from the white light in the lantern, and 
so leave only red, the correct colour. 

(2) The blue flowers which registered on the 
red and green positives are now represented by 
minus-red and minus-green areas — i.e., areas 
which, correctly, allow only blue light to pass. 

(3) The green leaves which registered on the 
red and blue positives are now represented by 
minus red and minus blue areas — i.e., areas 
which, correctly, allow only green light to pass. 

(4) The yellow flowers only leave a positive 
image on the blue filter positive. This image is 
now represented by minus blue which is, 
correctly, yellow. 

So the final result is a picture in the natural 
colours of the original subject. 

Subtractive Analysis. The subtractive system 
described above still analyses the colours by 
utilizing red, green, and blue taking filters. In a 
multi-layer subtractive system the colours are 
similarly analysed by having three emulsion 
layers, sensitive to blue, green, and red respec- 
tively, superimposed during exposure. The 
three layers are then processed simultaneously 
to produce the colour images in the comple- 
mentary minus colours and yield either a 
colour transparency or — by interrupting the 
process at an intermediate stage — a colour 
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negative. The latter then yields a colour positive 
by repeating the steps of subtractive analysis 
and synthesis. These systems are the basis 
of most present-day colour materials. 

Dyes v. Pigments. In general, colours in the 
form of pigments are not as brilliant as those 
of the spectrum. This is because they do not 
have a very sharp break between the colours 
they absorb and those they reflect, but tend to 
absorb all wavelengths of light to some degree 
although reflecting some more strongly than 
others. So pigments are not ideal for photo- 


COL 

graphic colour processes although they are 
still employed. 

The modern synthetic dyes are usually more 
brilliant and are almost universally used in 
present-day colour processes. Some of the 
subtractive processes, in fact, depend upon 
the synthesis of the dye while development is 
proceeding. J.Mo. 

Sec a) so: Colour history; Colour materials; Colour print 
processes. 

Book: Colour Photography in Practice by D. A. 

Spencer (London). 


COLOUR TECHNIQUE 


In colour photography, pictorial effects 
depend on colour differences rather than con- 
trast of tones as in black-and-white work. Quite 
small colour differences will show up much 
more than similar tone differences in mono- 
chrome. 

The Effect of Colour. The way of using colour 
depends to a great extent on personal taste. 
Some colour combinations are, however, 
generally accepted as harmonizing and others 
as clashing. The way in which they are com- 
bined emphasizes or subdues different parts 
of the scene. If there is too much colour in a 
colour picture, all the shades will compete with 
each other or even clash. It is better to include 
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COLOUR BALANCE. Centre: The colours of the colour wheel 
ore G. green; Y, yellow; O-R orange-red; B-R, blue-red 
( mogento ); V-B, violet-blue, B-G, blue-green. Top: Adjacent 
segments indicote harmonising colours (shaded). Bottom : 
Opposing segments (solid) are contrasting colours. 


only one or two brilliant patches of colour at 
a time. A brightly coloured costume, for 
instance, may show up the ability of the film to 
record the colours, but will distract attention 
from everything else in the picture. On the 
other hand a small red scarf may add to the 
character and charm of the wearer. 

It is also wise to avoid many splashes of 
colour in the background or away from the 
centre of interest. Use colour to help to knit the 
picture together — not to pull it apart. Brightly 
coloured areas near the edge of the frame tend 
to lead the eye out of the picture. 

Colours can differ in various ways. Firstly, 
they may be pure or impure. Pure colours are 
more likely to clash than impure ones. Secondly, 
colour schemes can be built up on similar or 
contrasting colours. Similar colours may blend 
while contrasting colours set each other off. 

By association of ideas, colour may also 
create an atmosphere or a mood. 

Colour Harmony. In harmonizing different 
colours, the hue as well as the saturation is 
important. The more saturated the colour, the 
more brilliant it appears. Mixing with white 
de-saturates it, dilution with black degrades it. 
Thus a mahogany brown, a bright red, and a 
pale pink may all be the same hue; but the 
brown is degraded, the red fully saturated and 
the pink desaturated. Colours of the same 
family or hue but of different saturation will 
easily blend and harmonize. 

Colour Contrast. The contrast between different 
colours is greatest when they are complemen- 
tary (blue and yellow, red and green etc.). 

Two fully saturated colours of equal area 
will conflict with each other and fight for 
attention. This disharmony is greatest when 
colours are not complementary; thus a pillar- 
box red and a magenta, or a blue and a blue- 
green, will clash. 

A bright colour against a desaturated com- 
plementary will appear brighter than against a 
saturated non-complementary. This use of 
complementary colours helps to focus the 
eye on the subject. 

Colour and Warmth. Certain colours — e.g., 
yellows and reds — suggest warmth; others — 
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e.g., blues and greens — suggest coldness. Cool 
colours also appear to recede and warm colours 
to advance. This is partly due to the fact that 
the eye focuses reds and yellows as if they were 
nearer than blues and greens. Similarly, light 
and desaturated tones in a picture tend to seem 
more distant than darker and more brilliant 
tones. This again is based on experience — e.g., 
of the way in which the planes of a landscape 
become paler as they recede into the distance. 

These factors are able to create depth. Thus 
yellow and reddish colours (including brown) 
in the foreground make it stand out, while 
greens and blues in the background make it 
appear farther away. 

Colour and Sharpness. Brilliantly coloured 
objects in the picture should be sharpest; 
shapeless blobs of saturated colours are most 
disturbing. Subdued and pastel shades can 
be less sharp ; the subject should be selected so 
that the background colours are more subdued 
than those of the principal subject. When 
photographing a scene which takes in fore- 
ground, middle distance and background alike, 
everything must be sharp. The depth of field 
requirements in colour are therefore more 
stringent than in black-and-white photography. 
Equipment for Colour. Practically any camera 
can be used for colour shots provided the 
light is good enough, but owing to the slow 
speed of colour film the scope of simple cameras 
is very limited. An accurate shutter is a help in 
assuring correct exposures, as the latitude of 
colour film is slight. For large scale colour 
photography the camera lens should be well 
corrected for all chromatic faults. It should 
also be coated, since stray light caused by 
reflections inside the lens and scattered over the 
film will desaturate the tones. For the same 
reason it is always wise to use a lens hood. 

Loading of colour film into the camera 
follows standard practice. It is, however, 
advisable to cover the red film window at the 
back of many roll film cameras at all times, 
except when actually winding on the film, to 
avoid the risk of fogging. 

It is, of course, possible to take colour photo- 
graphs without using colour film. The method 
involves taking three black-and-white photo- 
graphs of the subject, separately, through red, 
green and blue filters. This is nowadays used 
mostly for photomechanical reproduction. For 
moving subjects, a. one-shot colour camera is 
necessary; this takes all three pictures at once, 
each through its correct filter; a colour print 
is then made from the three negatives. 

The Colour of the Light. Since colour film 
records all variations in hue and tone, it will 
also react to the different colours of light 
sources by which the picture may be taken. 
That is why colour materials are specially 
balanced for use in either daylight or artificial 
light. Within both types of lighting, however, 
there are variations in colour quality depending 
on specific conditions. 



THE COLOUR OF DAYLIGHT. Top loft: Brilliant sun with a 
cloudless sky produces intensely blue shadows. Subjects in 
shadow require a correction filter. Top right: White clouds 
lighten shadows, and make them less blue. Bottom left: 
Low evening sun is yellowish, while the shadows are again blue. 
The yellow tinge can be corrected by a pale bluish filter. 
Bottom right: Overcast days yield a flat and cold colour 
rendering, requiring a pale correction filter. 

Three main factors affect the colour of day- 
light. 

(1) Atmospheric dust filters the sun’s rays, 
and absorbs or scatters rays of short wave- 
length (violets and blues) more than those of 
longer wave-length (reds and yellows). When 
the sun is low on the horizon the light becomes 
redder; on the other hand, just before sunrise 
or just after sunset the colour will sometimes 
be blue due to reflections from a clear blue sky. 
Except for special effects it is therefore best to 
avoid taking colour pictures within approxi- 
mately one hour after sunrise and one hour 
before sunset. 

(2) Over water, snow, or from distant views a 
great deal of ultra-violet radiation may reach 
the camera. Although this is invisible to the 
human eye, the colour film is sensitive to it 
and the resulting picture may be too blue^ (In 
addition many lenses are not corrected" for 
ultra-violet radiation, and such rays may 
therefore upset the definition of the image on 
the film.) 

(3) Part of the light reaching the earth does 
not come directly from the sun but is reflected 
from the blue sky. When the sun is shining in a 
clear sky the shadow parts of the subject may be 
lit only by the sky and therefore tend to take 
on a blue tint. Colour film tends to over- 
emphasize this. Conditions for colour photo- 
graphy are generally best when there is a lot 
of white cloud about; this lights up the shadows 
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and also makes them less blue. In overcast 
weather the colour of the diffused daylight 
is also bluer than direct sunlight, but not so 
blue as the light from the clear sky. 

The colour temperature of most artificial 
light sources (with the possible exception 
of electronic flash) is lower than that of day- 
light, and will record a yellowish or reddish 
over-all cast on daylight type colour film. 
Artificial light type films are made more sensi- 
tive to blue to compensate for the excess of 
red in the light. 

Most amateur artificial light type films are 
balanced for Photoflood lamps and are ideal 
for colour photography at home. A few makes 
are balanced for high-power studio lamps of 
slightly lower temperature and others for clear 
flash bulbs. 

Ordinary flash is yellower than daylight but 
bluer than Photoflood lighting. So flash bulbs 
for colour photography are tinted either yellow 
to match Photoflood lighting or blue to match 
daylight. 

Fluorescent tubes of the “colour matching” 
type are similar to actual daylight; white tubes 
are a little yellower, but give a reasonable 
colour rendering on daylight film. Special 
colours like warm white, pink, etc., may distort 
the colours of objects and are less suitable for 
normal colour photography. 

Filters and Colour Balance. Correction filters 
may be required to adjust the colour balance of 


the film to suit the lighting. This applies 
especially to reversal colour films where there 
is no intermediate stage of colour control as 
there is with negative films. 

In general, extreme correction measures are 
only advisable in an emergency. Apart from 
the fact that the results are inferior to those 
obtained when using the proper film-light 
combination, the filters also require appreciable 
exposure increases. This is specially so with the 
conversion filter for daylight film used in 
artificial light. 

Exposure. Under- or over-exposure with colour 
film upsets the colour rendering as well as the 
subject tones. 

Slight over-exposure makes flesh colours 
pale, and slight under-exposure makes them 
richer. Darker colours become washed out by 
over-exposure, and are degraded by under- 
exposure. But if the subject contains few dark 
areas, slight under-exposure may actually 
improve the rendering of flesh tones. 

Exposure Charts and Tables. Most colour film 
packages include exposure tables issued by the 
manufacturers; these are reasonably accurate 
for normal daylight (or artificial light) condi- 
tions. But to be absolutely sure, it is usually 
best to take three exposures of the subject, at 
half a stop below and half a stop above the 
estimated aperture. 

Most charts or tables advise increased 
exposures for very dark subjects and decreased 


CORRECTION FILTERS FOR COLOUR 


Subject or 
Light Cause 

Film 

Effect 

Filter required for 
Correction 

Water, snow, mountains, 
distant views 

Daylight 

Blue cast due to ultra* 
violet radiation 

Ultra-violet or pale straw 

Distant views with haze 

Daylight 

Blue cast 

Pale straw (haze) 

Outdoon with overcast sky 

Daylight 

Bluish, cold colours 

Pale straw 

Subjects in shadow under 
blue sky 

Daylight 

Strong blue cast 

Medium straw 

Early morning or late 
afternoon lit by sun 

Daylight 

Yellowish colours 

Pale blue to give mid-day colour- 
ing; none to record effect faith- 
fully 

Normal daylight 

Artificial light (T ype A or B) 

Strong blue cast 

Yellowish to orange conversion 
(according to film type used). 
Recommended only in emer- 

Blue flash bulbs electronic 
flash 

Daylight 

Correct 

None 

Clear flash bulbs 

Daylight 

Yellowish cast 

Bluish conversion 


Type A and B 

Slight bluish cast 

Yellowish light balancing 


Type F (flash) 

Correct 

None 

Indoors with Photofloods 

Daylight 

Yellowish cast 

Blue conversion not recom- 
mended except in emergency 


Type A 

Correct 

None 


Type B 

Very slight bluish cast 

Very pale yellow light balancing 


Type F (flash) 

Very slight yellowish cast 

Very pale blue light balancing 

Indoors with studio lamps 

Daylight 

Yellow cast 

Blue conversion not recommended 
except in emergency 


Types A and F 

Slight yellow cast 

Pale blue or mauve light balancing 


Type B 

Correct 

None 

Indoors with household 

Types A and B 

Yellow cast 

Mauve light balancing 

lamps 

Types F and Daylight 

Strong orange cast 

Lack of balance coo great to be 
cured successfully by filter 


Type A colour film is balanced for 3,400-3,500° Kelvin. Type B for 3,200° Kelvin and Type F (flash bulbs) for 3,800- 
4,000° Kelvin. 
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exposures for very light subjects. If, however, 
human faces form an appreciable part of the 
picture, it is advisable to give the normal 
exposure; this may render dark clothes too 
dark, but it is preferable to false rendering 
of the skin tone. 

Using Exposure Meters. A meter gives a more 
reliable indication of the exposure required. 
Average reflected light readings are sufficiently 
accurate with evenly lit colour subjects, but 
close-up individual readings are required if the 
surroundings are appreciably different from the 
subject itself in brightness. Highlight readings 
and incident light measurement are specially 
suitable for colour exposures, as they tie the 
exposure to the lightest tones of the scene, 
where faults in the colours are more notice- 
able. Specially light or specially dark subjects 
need some allowance; in the first case use half 
to one stop smaller, in the second case half to 
one stop larger. 

For portraits the exposure should be based 
on close-up readings of the skin tone (key-tone 
readings). 

Subject Contrast. Colour films vary in exposure 
range or latitude. Reversal films in particular 
tend to be contrasty whereas some negative 
films more nearly correspond to medium speed 
black-and-white films. 

Therefore, in general, contrasty subjects 
should be avoided unless it is known from 
experience that the film can handle them. Even 
so high contrasts do not usually lead to a 
satisfying result unless a special effect is aimed 
at; and if strict colour accuracy is essential this 
can be guaranteed only in the mid-brightness 
range, although it depends on the particular 
colour and therefore the quantities of each dye 
required to produce it. For this reason it is 
often stated that the subject brightness range 
should not exceed 10 : 1 , although the film may 
in fact be capable of recording a 200 : 1 range. 
Lighting Outdoors. Direct sunlight produces 
very strong contrasts and a reflector (e.g., a 
white sheet, or silver paper mounted on a 
board, etc.) is advisable to throw light into 
the dark parts. Sometimes natural reflectors, 
such as concrete or white sand, will soften the 
shadows. But coloured reflectors can upset the 
colouring of the subject — e.g., a brick wall can 
reflect a rosy tint. 

Fill-in flash may be used for brightening up 
the shadows, particularly in against-the-light 
shots, which have an extreme contrast range. 

The ideal lighting for outdoor colour sub- 
jects, especially portraits, is slightly obscured sun, 
when shadows are only just visible. But colour 
photographs should not as a rule be made 
during the midday hours as the light then comes 
from too high an angle and makes, for instance, 
the eyes in a portrait appear dark and sunken. 
Daylight Indoors. Owing to the strongly 
directional nature of daylight indoors, reflect- 
ing screens or fill-in flash are usually neces- 
sary to avoid heavy shadows. 



OUTDOOR LIGHTING FOR COLOUR. Top: With subject lit 
by direct sun and cloud reflections, the colours will be brilliant. 
Bottom loft: With direct sun and blue sky, effects are similar 
but shadows deeper and bluer. Bottom right: Front of subject 
lit by cloud and blue sky makes colours bluish and cold. 

If there is only one window, the subject 
should be as near to it as possible, and neutral 
reflecting surfaces of silver paper or white card 
should be used to light up the shadow side. A 
bay window is ideal as the light then comes from 
three sides instead of one and, if the room has 
two windows in adjacent or opposite walls, 
there may even be no need for reflectors. 

Direct sunlight coming in through the 
window will lead to high contrast and curtains 
of net or similar diffusing material will have to 
be used to soften the lighting. This will make 
longer exposure times necessary. 

Artificial Lighting Indoors. Artificial light gives 
more control of lighting effects and subject 
brightness range. 

There is no great difference between the 
lighting for black-and-white and for colour, 
except that the heavy shadows and strong high- 
lights sometimes used for ordinary photo- 
graphy are rarely satisfactory for colour. 

All lamps should be fitted with reflectors, 
preferably painted white inside or with a matt 
surface to give fairly diffused lighting, free 
from "hot” spots. Spotlights used for special 
effects should have the condenser lens of white 
glass without any trace of green. 

All lamps used in a lighting set-up must be 
of the same colour temperature; this is most 
easily achieved by having them all of the same 
kind. Mixing lamps of different types (e.g., 
Photofloods with ordinary studio lamps) will 
yield differences in the colour rendering over 
different parts of the subject. Although the 
colour temperature of the light itself will affect 
the colour rendering, an over-all change in 
colour is not nearly so disturbing as mixed 
lighting. 

The inverse square law has two particular 
applications to colour photography. 
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Firstly, when taking head and shoulder 
portraits only it is possible to increase the level 
of illumination considerably by putting the 
lamps close to the head of the subject. But with 
a half-length or full-length figure the lamp may 
be nearly twice as far away from the lower part 
of the subject as from the face. So the head will 
receive about four times as much light as the 
feet, and will be over-exposed. The remedy is to 
move the lamps farther away from the subject 
or to put additional light on the under-lit 
part. 

Secondly, when the subject is some distance 
in front of the background and lit by the same 
light source, the light falling on the background 
will be only a fraction of that on the subject 
and the background will thus come out com- 
paratively dark. So if the background is to be 
reasonably bright it must be separately lighted. 

As for black-and-white pictures, a lighting 
set-up for colour photography consists of main 
light, fill-in light, effect light, and background 
light. To start with it is best to use only one or 
two lamps and aim at obtaining even lighting 
on the subject; the effect and background lights 
can then be used to add highlights and con- 
trast where necessary. 

For colour subjects the fill-in illumination 
should only be a little weaker than the principal 
light and fairly diffused, to avoid creating a 
second set of shadows. Generally a fill-in lamp 
very close to the camera lens will achieve the 
required result. Reflecting screens will also 
serve for fill-in lighting, if they can be placed 
close enough to the subject. Yellow tinted 
flash bulbs can be used as fill-in lighting with 
Photofloods as the principal light because the 
colour temperatures are similar. 

Flash Indoors. Synchronized flash permits 
instantaneous exposures, and enables moving 
subjects to be shot in colour — e.g., children at 
play, unposed and candid portraits, and people 
at their normal occupations. 

If only one flash bulb is used it isbetterplaced 
on or near the camera. With a good reflecting 
screen on the shadow side the flash may be 
also held to one side of the camera, pointing 
down at the subject. This increases the lighting 
contrast, but also improves modelling. 

If several bulbs are used, lighting set-ups 
similar to those with Photoflood or studio 
lamps are possible with the added advantage 
of instantaneous exposures. The rules of light- 
ing are much the same in each case. 

Flash with Daylight. Blue tinted flash bulbs 
which match the colour temperature of day- 
light can be used for fill-in lighting for outdoor 
or indoor shots by daylight. Electronic flash 
has approximately the same colour tempera- 
ture as daylight without any further treatment. 

Flash used in this way is a great help when 
dealing with people who cannot avoid frown- 
ing in bright sunshine. It is also invaluable for 
natural portraits of children, engrossed in play 
with their heads in f ull shadow. 


When used as a fill-in light the flash must be 
synchronized with the shutter, since the slowest 
suitable speeds are at least 1/25 second; open 
flash technique is rarely possible because this 
results in too long an exposure to the daylight 
and the effect of the flash is lost. 

The fill-in flash must not be too strong, or its 
effect will be obvious by the unnatural appear- 
ance of the subject, and perhaps by double 
shadows. 

Outdoor flash exposures are calculated in the 
same way as for black-and-white photography. 

A special application of flash outdoors is to 
give a dark sky background to a portrait or 
figure. This is done by setting the camera 
aperture and shutter speed so that the back- 
ground and subject would by themselves be 
under-exposed by about 2 stops and then 
using a flash bulb at the appropriate distance to 
yield a correctly exposed image. This technique 
gives a correctly exposed subject and an under- 
exposed, dark sky background like that pro- 
duced by a deep filter in black-and-white 
photography. This is in fact the only way of 
darkening a sky in a colour picture apart from 
the use of a polarizing filter. 

Outdoor Subjects. Most subjects are better with 
a simple background like the sky or a subdued 
area of colour. This is specially desirable with 
pictures of people, since violent background 
colours may make flesh tones appear un- 
naturally pale and lifeless by contrast. 

Sunlight with white clouds, or slightly 
diffused bright daylight is ideal for outdoor 
colour pictures, since the lighting is then 
reasonably balanced, even without auxiliary 
shadow illumination. 

Seaside shots on the sands do not usually 
present great problems; even in bright sunlight 
the sand acts as a fairly good reflector to light 
the shadows. If the sand is particularly yellow, 
it may produce a warm rendering of skin tones 
due to the reflected light, but this is rarely 
disturbing. But the tones are apt to be un- 
pleasantly affected if the subject is coloured 
on one side by light reflected from the blue- 
sky, and on the other by yellow light reflected 
by sand. 

When the light is as brilliant as at the seaside, 
it is usually best to arrange for side lighting 
with a reflector to light the shadow areas. Direct 
front lighting yields brilliant colours, but 
colour emulsions (especially reversal) tend to 
exaggerate the saturation and brilliance of the 
colours. With the light more to one side, or 
slightly diffused, the colours are less vivid and 
correspond more nearly to our visual impres- 
sion. 

Pictures on the water itself, including river 
and lakeside views, need a haze filter to cut out 
the ultra-violet radiation reflected by the water. 
Such views need trees or a human figure in the 
foreground to impart a sense of distance. The 
stronger contrast and more vivid colour of the 
foreground enhances the feeling of depth. 
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Boats make an excellent foreground, with their 
brightly painted colours and the tones of ropes, 
nets, etc. Morning or afternoon sun will often 
produce more brilliant colours here than at 
midday, because many of the surfaces — boat 
sides, quay walls, etc. — are vertical and show 
up best when the sun is low. 

Sunlight sparkling on the water is difficult 
to capture on colour prints but comes out well 
on reversal film. 

Distant landscapes call for brilliant lighting 
which gives foreground features strong contrast 
and rich colours, while the distance is weaker 
and more subdued. The exposure should be 
based on the foreground objects, leaving the 
distance to take care of itself. 

Woodland scenes with the sunlight streaming 
through the trees are inviting subjects but the 
contrast is severe unless they are taken in 
diffused sunlight. 

If the leaves are reasonably transparent, 
back lighting can provide attractive effects. 
The exposure should be based on a highlight 
reading taken with a meter close up to one of 
the illuminated leaves. 

When taking portraits in woods, parks or 
other green surroundings, it is necessary to 
watch out for green reflections on faces and 
clothes. 

For mountain shots an ultra-violet or haze 
filter is almost essential. Both haze and ultra- 
violet radiation tend to give a blue cast without 
a filter. 

In snow scenes the subject contrast tends to 
be low, but side lighting from the sun helps to 
create texture and modelling. The shadows in 
very clear weather will appear really blue. 
Exposure should be based on highlight readings. 

Sunsets require a suitable foreground to give 
a base to the picture. As the colours and hues 
visible vary so much, almost any colour repro- 
duction on the film, provided it is not gro- 
tesquely over-coloured, will be acceptable. 
Exposure readings should be taken with an 
incident light meter pointed straight at the sky. 

Towns and cities are usually less coloured 
than country scenes, but this fact lends greater 
value to patches of brilliant colour — e.g., 
motor cars, summer dresses and blue sky. 

In city streets the biggest problem is large 
areas of shadow and although diffused daylight 
is best for most subjects, buildings generally 
look better in bright sunshine. So it is pre- 
ferable to wait until the sun is out and to 
choose a viewpoint which reduces the shadow 
area. 

Lighted street scenes in town centres make 
effective night pictures. Such subjects are best 
taken on daylight film, as the artificial light 
type tends to render the lights too blue. The 
warmer rendering on daylight film is usually 
more natural and attractive. It is not possible 
to record the full brightness range of a night 
scene on the film. On the other hand, the 
shadows are meant to be completely black, and 
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LIGHTING FOR COLOUR. Top: A single lamp should be high 
and to one side , with a reflector for shadows. Centre: A 
second lamp (shaded) acts as a fill-in for the main light (solid). 
Bottom: Four lamps allow almost unlimited variations, with 
additional fill-in and effect lighting. 


the amount of black is a matter of taste. So 
there is a surprising amount of latitude and 
the results are acceptable over a large range of 
exposures. 

Indoor Subjects. The limited amount of light 
available indoors usually means that people — 
singly or in groups — have to be posed in one 
place. This also allows time to discover un- 
pleasing splashes of colour such as out-of -focus 
flowers in the background, etc. 

Groups in particular must be evenly lighted 
since complicated lighting schemes may result 
in disturbing shadows and distorted colour 
values. 

The evenness of the lighting should be 
checked by taking a highlight reading on a 
white card at various points in the picture 
area. The lighting should be adjusted until the 
highlight readings are constant everywhere. 

Walls can be used as reflectors, but only if 
they are neutral in colour. A flood lamp shining 
on a white ceiling will provide a diffused general 
illumination from above. 

For portraits a background colour comple- 
mentary to the subject will provide the best 
colour contrast. A background in a desaturated 
hue will brighten the subject colour if it is 
complementary to it. Flesh tones stand out well 
against pale blues and greens; but if the back- 
ground is a warm colour such as cream or 
yellow, it should be appreciably lighter or 
darker than the skin tone. 
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Make-up should be natural and rather sub- 
dued, and with sleeveless or topless dresses the 
photographer should make sure that the skin 
tone of the arms and shoulders is made up to 
the same hue as the face. Colour film shows 
up variations even more plainly than they 
appear to the eye. 

Details of skin structure and facial blemishes 
show up much more plainly on colour film 
than in black-and-white. For glamour por- 
traits a certain amount of disguising make-up 
may be necessary or the model should be 
moved farther away and lighted as evenly as 
possible. 

The eyes must be well lit, especially in close- 
up shots, so that their colour can be seen 
without being degraded by shadows in the eye 
sockets. Where face and hands or arms appear 
in the picture they should be given the same 
amount of light ; under-lighted skin tones not 
only change in brightness, but also in hue. 

Figure studies, and particularly nudes, need 
carefully chosen backgrounds as well as even 
lighting. The large area of skin tone present 
can show appreciable changes in hue if un- 
evenly lit or when near strongly coloured re- 
flecting surfaces. Flesh tones contrast with cool 
background colours like blue and green and 
tend to merge with warm tones like yellow or 
orange. With interiors the greatest danger is an 


excessive contrast range. Windows should not 
appear in the picture and exposure meter 
readings should be made of the brightest parts 
and the deepest shadows to make sure that 
they come within the range of the film. Usually 
several reflecting screens will be necessary to 
produce more even illumination. 

Interior shots may consist of medium close- 
ups of details of furniture and decorations. 

The background will not usually be sharp, 
but it should still suit the subject. For instance 
a pale blue-grey background will make yellow 
flowers stand out well, while dark wood will 
create a pleasing contrast to pink roses. 

A soft but directional light should be used to 
give good modelling — e.g., a Photoflood with 
a large diffusing screen. A suitable form of 
diffused lighting is produced by shining one 
or more lights on to a large piece of white card 
and directing the reflected light on to the 
subject in the manner of a “bounced” flash, so 
that no direct light falls on the subject. Use a 
reflector or another diffused lamp to lighten 
up what shadow there is. G.W. & L.A.M. 

See also: Colour; Colour impact; Colour materials; 
Colour temperature. 

Books: Colour Photography in Practice , by D. A. Spencer 
(London); Colour Transparencies, by C. Leslie Thomson 
(London); The Colour Book of Photography , by L. 
Lorelle (London). 


COLOUR TEMPERATURE. Measure of the 
energy distribution over the spectral range 
(i.e., the colour quality) of a light source with 
a continuous spectrum. 

Kelvin Scale. The colour temperature, expressed 
in degrees Kelvin (°K.), is the temperature on 
the absolute scale (°C. + 273) to which a 
perfect black-body radiator would have to 
be heated to emit light of the same colour as 
the light source in question. (A perfect black- 
body radiator is one which does not reflect 
any light falling on it.) 

Colour temperature measurements are appli- 
cable to all solid incandescent light sources 
such as flash bulbs, filament lamps, etc. (The 
colour temperature of a filament lamp is for 
all practical purposes the same as the tem- 
perature of the filament.) 

Precise colour temperatures cannot be 
stated for discharge lamps as these do not have 
a truly continuous spectrum. Where colour 
temperatures of such sources are quoted, they 
are only approximations. 

The lower the colour temperature of a 
source, the richer the light is in yellow and red 
rays; the higher the colour temperature, the 
richer it is in blue rays. 

Colour temperature is of special importance 
in colour photography as colour films are 
sensitized to give a true colour rendering with 
light of a specified colour temperature. Thus 


some films are balanced for a colour tempera- 
ture of 6,000° K. (daylight), while others are 
balanced for 3,200-3,400° K. (tungsten or 
Photoflood light). 

The colour temperature of a light source can 
be modified by special filters which absorb 
some of the blue or some of the red end of the 
spectrum. Filters of this type are known as 
photometric or light balancing filters. For over- 
all correction, they may be used over the camera 
lens instead. 

Mired Values. An alternative way of expressing 
colour temperatures is the mired (micro-reci- 
procal degrees) scale. The mired value of a 
light source is its colour temperature in degrees 
Kelvin divided into 1,000,000. Thus a colour 
temperature of 5,000° K. corresponds to 
1,000,000/5,000 = 200 mireds, and a colour 
temperature of, say, 3,200° K. to about 313 
mireds. 

The mired values are useful in assessing the 
effect of light-balancing filters. The degree to 
which such a filter raises or lowers the colour 
temperature depends not only on the depth of 
the filter itself, but also on the initial colour 
temperature of the source. When the colour 
temperature is expressed in mireds, the change 
in the mired value (the mired shift) is more or 
less independent of the initial colour tempera- 
ture. Yellowish filters which lower the colour 
temperature raise the mired value, and have a 
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COLOUR TEMPERATURE. Left: Typical natural light sources 
in order of ascending average colour temperature; mean noon 
sun, average daylight, overcast sky, blue sky. Right: Artificial 
sources are household lamp, Photoflood and other overrun 
photographic lamps clear flash bulb, blue flash bulb 


COLOUR TEMPERATURES COMPARED 


Type of Light Source 

Approx. Colour 
Temperature 

Small general service (below 100 wacu) 


2,600° K 

Large general service (100 watt and above) ... 

2,000° K 

Sensicomecric lamp (international white light 
SA) 

2,040° K 

Projector lamps ... 

... 

3.100° K 

Over-run lamps 500 watt 100-hour life' 

3,100-3,200° K 

Flash bulbs paste filling 


3,300° K 

Over-run lamps (275 watt, 2-hour life 
500 watt, 6-hour life) 

and 

3,400° K 

Flash bulb lamps, foil or wire filling ... 


4,000 c K 

Fluorescent daylight tubes 


4,000° K • 

Fluorescent warm-white tubes 


3,700° K # 

Electronic speed flash discharge lamps 

4,600-6,000° K* 

English daylight (international white light SB) 

4,600° K* 

Mean noon sun .. 


5,000° K • 

Blue flash bulbs 


6,000° K 

American daylight (international white light 

SC) 

6,500° K* 

Overcast American daylight (international 
white light SD) 

7,500° K* 

North sky, blue 

10,000-20,000° K* 


American lamps, being run at lower voltage, operate at 
colour temperatures between 50° and 100° higher than 
the English lamps here quoted. 

•These sources are not temperature sources in the 
strict sense, and their colour temperature therefore only 
approximately indicates the quality of light they emit. 


positive mired shift. Bluish filters which raise 
the colour temperature lower the mired value 
and have a negative mired shift. 

Special meters, similar in principle to photo- 
electric exposure meters, are made for measur- 
ing colour temperature. L.A.M. 

See also: Colour materials; Colour Technique; Colour 
temperature meter: Light sources. 

COLOUR TEMPERATURE METER. In- 
strument for measuring the colour temperature 
of a light source. It is based on the fact that the 
spectral-energy distribution of sources at 
different temperatures can be defined rea- 
sonably accurately by stating the relative pro- 
portions of red and blue radiation which they 
emit. An instrument constructed to measure 
this proportion of red to blue will then give a 
measure of the colour temperature of any 
light source. 

A typical colour temperature meter consists 
of a selenium barrier layer type photo-cell 
connected to a micro-ammeter. Immediately in 
front of the photo-cell is a circular filter, half 
red and half blue. These filters are rotated by 
means of an external lever, and are spring 
loaded so that the red filter is normally in 
front of the photo-cell. By pressing the lever, 
the red filter is replaced by the blue. In front of 
the filters is a diaphragm which may be rotated 
to control the amount of light received by the 
photo-cell. 

The instrument is directed towards the 
light source to be measured and held at eye 
level. The shutter is adjusted until the pointer 
of the meter coincides with a red index line 
on the scale. The filter lever is then depressed, 
bringing the blue filter in front of the cell 
in place of the red one. The cell therefore 
measures the amount of red light and the 
amount of blue in succession. If the proportion 
of the two is equal, the meter needle will 
not move, but if the blue proportion is greater 
or less, the blue filter reading will be higher or 
lower respectively. As the zero setting to the 
red index also corresponds to a standard 
colour temperature, the meter reading directly 
gives the colour temperature of the light source. 
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SPECTRAL ENERGY AND COLOUR TEMPERATURE. The 
curves show the relative energy distribution throughout the 
spectrum ( from violet V to red R) of light sources of different 
colour temperatures. Tungsten lamps (about 3,000° K) are 
rich in red ; balance shifts to blue at higher temperatures. 

Alternative systems may use a null-method 
with two photo-cells, balancing the red and 
blue content of the light on them. The draw- 
back of this method is that the response of the 
two cells may not be the same at varying wave- 
lengths, which would introduce an error. 

Visual colour temperature meters rely on 
matching various shades of fluorescent and 
non-fluorescent pigments, or on matching the 
tint of a dichroic filter with a standard tint by 
means of a filter wedge. This type of meter 
cannot, of course, give more than a very 
approximate value. 

When the colour temperature measurement 
has been made it may prove necessary to 
employ a colour temperature correction filter 
on the camera. 

However, the effects of a correction filter 
may be assessed by using the meter to measure 
a light source first without and then with the 
filter interposed. 

Colour temperature meters can also be 
supplied with a second scale calibrated in 
mireds (= 10* x 1/°K). This scale is of parti- 
cular assistance when it is desired to select a 
correction filter, since any true colour tem- 
perature correcting filter will give a constant 
change in mireds irrespective of the source em- 
ployed. G.C.C. 

COMA. One of the off-axis aberrations of 
lenses, resulting in unsymmetrical defects in 
image points. 

See also: Aberrations of lenses . 

COMBINATION PRINTING. Combination 
printing and photomontage are used for making 
pictures from more than one negative or print. 

The basic methods are: simultaneous 

printing of two or more negatives; successive 
printing; montage. 

Simultaneous Combination Printing. Two (or 
sometimes more) negatives are placed together, 
emulsion to emulsion, in the negative carrier 
of the enlarger, and printed as one. Where 


parts of the images overlap, they produce 
lighter tones in the print because the negative 
densities are added. 

The process is often used to reproduce ghost 
effects and for printing genuine or faked nega- 
tives of falling snow, rain, etc., into a picture. 

Two identical negatives, or a negative and a 
positive transparency made from it, can also 
be combined by simultaneous printing. If one 
of the two is reversed left to right, a variety of 
interesting image patterns and shapes is 
obtainable. The negative and positive used for 
this method must be relatively thin, because 
the effective printing densities are added. 

Further special effects can be achieved by 
removing parts of one or both images by local 
reduction with Farmer’s reducer. 

The reducer is applied to the emulsion with 
a plug of cotton wool. If the edges of the 
reduced area are not to appear sharply defined, 
the emulsion should first be soaked in water. 
If sharp outlines do not matter, the reducer 
can be painted on to the dry negative, or the 
whole negative may be immersed in the reducer 
after protecting it where necessary with an 
asphalt vamish, or similar protective lacquer. 
Successive Combination Printing. Several nega- 
tives may be printed, one after the other, on the 
same sheet of paper. The appearance of the 
resulting combination print differs from that 
obtained by simultaneous combination in that 
the print tone is darker where parts of the 
images overlap. For this reason the separate 
exposures must be reduced, or the print will be 
too dark. The process can be used for ghost 
effects in which one image is seen through the 
other. But as a rule, the separate images are 
required to merge without overlapping, so a 
certain amount of complementary shading may 
be necessary during the separate exposures. 
This may be done with the hands, or with a 
suitably shaped card. For complicated com- 
binations specially cut masks and counter 
masks are used. 

This method is used for printing in clouds 
when the sky in the subject negative is blank. 
The usual technique is to mount a shaet of thin 
card on a glass plate supported just above the 
paper holder on the enlarger baseboard after 
the image has been focused. On the card the 
skyline of the picture is sketched in, and the 
shaet cut along that outline. This yields a 
mask and counter mask which are realigned 
in position on the platform. The subject portion 
is now printed on the enlarging paper with the 
sky mask in position, the subject mask replaced 
and sky mask removed, and the clouds exposed 
on the same paper from another negative. 
Montage. Different parts of various prints can 
be cut out and pasted together on a base to 
make a composite photograph. This is a special 
and major technique of its own. L.A.M. 

See also: Cloud negatives; Montage; Tricks and effects. 

Book: The Complete Art of Printing and Enlarging, 
by O. R. Croy (London). 
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COMMERCIAL PHOTOGRAPHY 


Commercial photography is the branch of 
professional photography concerned princi- 
pally with supplying the need of the sales, 
advertising and display side of industry, and the 
art departments of the press and specialized 
publications. 

Nowadays the demand for photographs for 
all these purposes is so general that there is 
usually a commercial photographer’s business 
in even the smallest town. The size and scope of 
the establishment vary widely. In the smaller 
towns the studio may be a one-man business 
turning out photographs for local industries 
and traders. This type of studio may even be 
run in conjunction with a portrait photo- 
grapher’s business and a photographic dealer’s 
shop. The photographer and his staff in such 
cases will usually go out to cover weddings, 
banquets and events of local interest. 

In the cities and more particularly in London, 
the commercial studio tends to specialize 
almost exclusively on work for reproduction — 
i.e., on photographs for catalogues, advertise- 
ments, posters and sales literature. This type of 
establishment employs a large staff of photo- 
graphers, darkroom staff and retouchers. It 
may even include commercial art and block- 
making facilities so that the client can be sup- 
plied with the finished blocks of the illustra- 
tions he has commissioned. 

While the large establishments will — and 
often do — undertake outside assignments they 
usually prefer to do all the work in the studio 
where they can keep all the conditions under 
control and repeat the shot if necessary. 
Modem trends have encouraged most com- 
mercial studios to handle colour; and this in 
turn has compelled them to adopt precision 
technique in place of the old rule-of-thumb 
methods. 

The ever widening applications of photo- 
graphy in commerce and advertising are forcing 
more and more studios to concentrate on parti- 
cular classes of subject — e.g., fashion, advertis- 
ing, industry, aircraft, architecture. To-day, a 
studio would need to command a large 
organization and a team of workers to be able 
to handle every branch of the work. It would 
have to be prepared to deal with a wide range of 
subjects and be ready to apply scientific 
techniques like industrial radiography, ultra- 
violet light photography or ultra-high speed 
photography and cinematography. Such work 
is beyond the scope and equipment of any but 
the most highly specialized studio. 

The word studio is commonly understood to 
include the whole organization and not merely 
the part of the building where the photographs 
are taken. 

The Small Studio. The small specialist studio 
generally adapts itself to the requirements of 
one class of work. It may, for instance, be 
designed to handle food pictures for a group of 


women’s magazines. In this case the studio 
might consist of a room with a cooker in one 
comer, a typical kitchen table in another, and 
a plain wall against which small objects can be 
photographed. For lighting equipment it may 
manage with a minimum of a couple of flood 
lights, two focusing spots, and a few portable 
hand lamps. The camera may be anything 
from a half-plate to an 8 x 10. As a rule a 
large size is preferred since retouching can be 
done on the negative and the prints made by 
contact. A small room or large cupboard to 
serve as a darkroom containing processing 
dishes or sink, and a contact printer or an 
enlarger (or both) complete the set-up. 

There are large numbers of such small com- 
mercial studios specializing in photographs for 
catalogue and advertising illustrations. They 
are designed to handle small objects quickly 
and they are often squeezed into basements or 
out-of-the-way comers, because they try to 
get as near as possible to their clients, to be 
able to offer a quick and efficient service. Such 
work is usually required for reproduction, and 
nearly always has to be retouched before it 
goes to the blockmaker. So unless the studio 
includes retouching in its service it usually 
has a working arrangement with an outside 
commercial retoucher. 

The Larger Studio. The larger commercial 
studios are completely self-contained with all 
the facilities for carrying out a wide variety of 
commissions without having to call in outside 
help. This calls for a much more complex type 
of organization which can handle teams en- 
gaged on both indoor and outdoor photo- 
graphy. 

At the same time even the largest studios 
tend to specialize in some degree. A studio 
dealing with heavy industrial subjects, for 
instance, must be planned in terms of concrete 
floors, plenty of wall space, and easy access to 
the street, whereas a fashion studio spends its 
money on carpets, a reception desk, and 
dressing-rooms. 

The Camera. Cameras taking large-size plates 
or cut-film are still used in some studios, 
especially for reproducing fine detail and for 
giving an opportunity for negative retouching. 
But it is becoming more general to use smaller 
negatives and print by enlargement. This in 
turn calls for additional darkroom facilities. 
Heavy stand cameras are usually favoured, 
being adapted where necessary to use the smaller 
negative material. Most studios have at least 
one camera, fitted with the whole range of 
camera movements, which can be used at any 
angle on a heavy commercial-type camera 
stand. At the same time there is usually a small 
folding camera, and a precision 35 mm. camera 
available for specialized photography. 

Lighting Equipment. Lighting equipment varies 
considerably according to the work of the 
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studio, but it usually includes a number of 
movable floodlights, and a bank of floods for 
general illumination, stand lamps for model- 
ling, and focusing spots for adding highlights. 
As most studios now handle colour, all the 
light sources must be of the same colour 
temperature or be fitted with suitable lamp 
filters. It is no longer practical to mix daylight 
and artificial light, still less fluorescent lamps 
and half -watt lighting. Some studios nowadays 
do a lot of their work with electronic-flash 
operated from the mains, but in general, the 
lighting equipment of the commercial studio 
consists of the normal units sold for the pur- 
pose. 

In a properly run modem studio, the number 
of trailing cables is kept as low as possible. 
Lighting units are operated from convenient 
wall fixtures, and the cables are suspended 
from above instead of letting them trail along 
the floor. In a studio of any size, there is at 
least one ceiling light (or bank of lights) for 
general top-lighting, mounted on runners 
fixed to the ceiling and pulled into position 
from below. 

If the ceiling of the studio is low, it reflects 
a useful amount of light, but on the other hand 
a high ceiling gives more scope for manipula- 
ting top lights and spots. 

Accommodation. In addition to the normal 
studios and darkrooms, a reception or con- 
ference room is an essential part of the establish- 
ment. This is used by clients who wish to have a 
say in the direction of the photograph — a 
situation that often arises when the studio is 
working on an advertising photograph that 
has to conform to a particular layout dictated 
by the agent, or when making catalogue illus- 
trations of a new technical product with 
special selling features that have to be em- 
phasized to satisfy the manufacturer. These 
activities must be kept separate from the 
normal routine work of the studio, and the 
premises must be laid out with that condition 
in mind. 

Negative Filing and Storage. As time goes on, 
negatives accumulate so a reliable negative 
filing system is essential. The copyright of a 
photograph taken to instructions may belong 
to the client, but the negative is the property of 
the photographer. Re-prints may be required 
long after the picture has been taken, so every 
print and negative is given a reference and 
entered in a card-index system. 

Storing the negatives so that they do not 
deteriorate and in accordance with fire regu- 
lations, is a major problem to the large com- 
mercial studio. The difficulty is made worse by 
the variation in size of the negatives, which 
may range from 8 x 10 glass plates, to 35 mm. 
cine film strips. Also the effort and additional 
work in extracting individual negatives and 
deleting them from the card-index (probably 
with cross references) is more trouble than 
leaving them where they are, so that over a 


period of years, negative storage may account 
for a considerable proportion of the studio 
floor space. 

Models. Advertising photographs often include 
people, so the commercial studio must be able 
to call on the services of professional models. 
This means compiling a filing index of some 
complexity which must record the personal 
information about each model, and be kept 
up to date as models grow up, or cease to be 
available. A studio must be ready to provide 
suitable models at short notice during the 
winter months for instance to stage a sunny 
picture advertising beach wear, or produce a 
cosy fireside picture in the middle of August. 
Such inquiries demand dressing-rooms, and 
plenty of floor space for the erection of simple 
sets. The range of effects is extended by using 
projected backgrounds — e.g., in the middle of 
winter a slide of a sunny garden with masses of 
flowers in full bloom may be projected to form 
a background for models displaying summer 
dresses, or enjoying a cool drink. 

If the studio had to wait to take such photo- 
graphs in actual sunshine, the summer would 
be over before the finished advertisement could 
appear. 

“Props.” The design and erection of studio- 
sets plays a major part in the make-up of the 
larger commercial studio. Smaller studios often 
work wonders with a few simple “props” — 
e.g., long wooden boxes that can be used hori- 
zontally as steps, or vertically as stands. A 
couple of “flats” are standard items in all 
studios for representing the comer of a room. 
Backgrounds. Studios use both soft, roll-up 
backgrounds of painted canvas, and “flats” 
of three-ply or wall-board. The roll-up back- 
ground has the advantage that it keeps clean 
when not in use; flats are stacked face-to-face 
for protection. Apart from a table with lamps 
available for photographing small objects, the 
studio floor is normally kept clear so that sets, 
comers, or short sections of wall can be built 
up as required with “flats” which may be 
either painted, distempered, or covered with 
wallpaper to suit the character of the interior 
represented. Odd flats are also used for pre- 
venting interference from the lighting of 
adjacent sets when more than one camera is in 
use in the same studio. The increasing use of 
colour means that any backgrounds used must 
be in perfect condition because it is no longer 
possible to touch out blemishes on the nega- 
tive or print, and dirty marks show as dirty 
marks in a colour set where they would pass 
unnoticed in a black-and-white picture. The 
walls and most of the flats used in the studio 
are now coloured in light pastel shades which 
serve equally well as backgrounds for colour 
or black-and-white. One result of this is that 
nowadays the commercipl studio is quite often 
clean and colourful. 

Retouching. Much of the work done in a com- 
mercial studio is required for reproduction, 
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and retouching of prints and skilful use of the 
air-brush are part of the service. Most small 
commercial studios have an arrangement with 
an art studio where specialists will do the work : 
although in some of the larger studios there is 
an art department which also handles layout 
work and typography. 

The air-brush is employed for ghosting 
effects where the important part of the picture 
stands out against a “misty” surround, and for 
reinforcing tones on large prints. When smaller 
prints and precision work are required, the 
photographs must be dealt with by an expert 
retoucher who is equally conversant with the 


use of an air-brush, knife and pencil. This form 
of retouching is often employed for colouring 
industrial pictures (colour retouching) and 
the fineness or boldness of the work must be 
in accordance with the requirements of block 
making and printing. Obviously the retoucher 
must have a working knowledge of the printer’s 
art and be familiar with the methods of repro- 
duction, screen sizes for half-tone, gravure 
technique, etc. B.A. 

See also: Professional photography; Studio; Studio 

^Boofc: P The Business of Photography, by C. Abel 
(London). 


COMMON SALT. Everyday name used for 
sodium chloride. Household salt is not usually 
pure sodium chloride. 

COMPENSATING DEVELOPER. Obsolete 
term still sometimes applied to M.Q.-borax 
and similar types of fine grain developer of low 
alkalinity, because the low gamma obtained 
compensates to some extent for high subject 
contrasts. In terms of gradation, the result is 
identical with that obtained by development 
to a low gamma in any normal developer. 

More correctly, compensating developers 
should compress the over-all subject contrast in 
the negative, without greatly affecting the 
gradation in the highlights and shadows — 
yielding an effect analogous to tone separation. 
This often happens in two-bath development, 
where the action of the developer absorbed 
in the emulsion layer keeps up or even in- 
creases the contrast of the shadows, but does 
not appreciably increase the highlight density. 

COMPENSATING POSITIVE. Low-contrast, 
low-density positive image on film or glass, 
bound up in register with the negative during 
printing in order to bring the tone range of an 
excessively contrasty negative within the range 
of the printing process. 

See also: Contrast control; Masking. 

COMPETITIONS. Photographic competitions 
are of several types. In a sense all photographic 
exhibitions and salons where only a limited 
number of prints are selected from those sub- 
mitted are competitions, but generally speaking 
the term is applied to those contests in which 
prizes are given. 

There are competitions organized by the 
great national newspapers where prizes are 
offered, for example, for the best pictorial 
prints, the best sports picture, the best action 
picture, the best child portrait and so on. These 
competitions are generally run on well organ- 
ized lines and the final selections are made by 
competent judges. Then there are commercial 
competitions run by manufacturers to increase 


sales of some particular product. In such com- 
petitions the purchase of the product is usually 
a condition. The competitor is asked to include 
a coupon or box lid or some evidence of 
purchase with the photograph. Many of these 
competitions are promoted by manufacturers 
of photographic products who award a prize 
for the best photograph taken with a particular 
make of camera or using a particular paper or 
film. Finally there are the competitions run by 
[he photographic press in specialized subjects. 
These are organized to stimulate readership and 
to promote good photography generally. 
Conditions for Success. A study of thousands 
of competition entries has shown quite clearly 
that the great majority of entrants, particularly 
for the national newspaper competitions, have 
little idea of what is required in order to win. 
Usually there is no limit on the size of the 
print submitted and for this reason the great 
majority of people send in contact prints of the 
2± x 3± ins. size or even smaller. Experi- 
enced entrants, however, generally submit a 
picture measuring half plate (4| x 6$ ins.), 
whole plate (6$ x 8J ins.) or even 8 x 10 
ins. They know that the proprietors of the 
paper will want to reproduce the winning 
pictures in their journal and that it is much 
easier to judge a picture and to visualize it 
in its reproduced form when it is of a reason- 
able size. A certain number of very large 
pictures pf what are generally called “exhibi- 
tion size” are frequently sent in, but these stand 
no better chance than a half or a whole plate 
print. 

It should be obvious to any entrant that the 
picture must be clear and sharp and of a rea- 
sonable technical quality, but at least 75 per 
cent of the entries for the big national news- 
paper competitions are thrown out on the first 
sorting because they are thoroughly bad 
photographically. So before submitting a print, 
the sender should make sure that it is at least 
sharp, correctly exposed, and free from blem- 
ishes. Then the picture must make an imme- 
diate appeal to the average reader of the paper 
and should generally be simple in character and 
possess one main interest. Technical quality 
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alone will not win a prize any more than good 
grammatical construction will ensure the 
printing of a story. A good sharp picture of a 
baby sitting on the sands with a spade and pail 
might be considered quite an achievement by 
the photographer and will certainly be of 
special interest to the parents of the child ; but 
unless there is something about the baby which 
has a universal appeal it will stand no more 
chance than thousands of other similar pictures 
submitted at the same time. 

The type of photograph that wins prizes is a 
simple record of some particular incident 
with a strong sentimental appeal and the best 
training for success in this kind of photograph 
is undoubtedly to study the type of picture 
that is awarded the prize in similar competi- 
tions or in previous years. The judges in select- 
ing the winning photograph always bear in 
mind that what is required is the picture that 
will have the maximum appeal to the paper’s 
readers. If the picture has a strong appeal, 
slight technical faults may be overlooked. 

In competitions designed to boost the sales 
of particular products the same general rules 
apply, but the picture should in addition create 
a desire to own the product. In fact, success in 
this field is largely dependent upon the photo- 
grapher’s sense of salesmanship. 

In the general photographic competitions 
simplicity and direct appeal should again be 
aimed at and technical quality must be of the 
highest. The standard of a pictorial entry will 
be judged as keenly as for a picture entered at 
a salon or general exhibition. 

All prints submitted to competitions should 
be black-and-white and on glossy paper for 
good reproduction. Rough paper prints, and 


particularly those which have been sepia toned, 
are almost impossible to reproduce satisfac- 
torily. Finally, if the competitor wants his 
prints back, he should be sure to enclose 
suitable wrapping, stamped and addressed for 
easy return. 

Copyright. The better organized competitions 
usually require that the winners of big prizes 
should make over the copyright of the picture 
to the promoters. This is reasonable when the 
prize offered is ten guineas or more, but en- 
trants should beware of competitions, particu- 
larly for commercial products, in which one of 
the conditions of entry is that all entries become 
the copyright of the promoters. By making this 
condition, some firms will obtain hundreds of 
photographs for reproduction without having 
to pay any reproduction fee, simply because 
the pictures they use have not necessarily won 
prizes. The better competitions usually state 
that the main prizes call for the surrender of the 
copyright but in the case of all the other entries 
the copyright remains with the entrant. P.W.H. 

See also: Judging exhibition entries. 

COMPLEMENTARY COLOUR. One colour 
is said to be the complementary colour of 
another when the two added together make 
white light. A filter absorbs light of a parti- 
cular colour and transmits light of the comple- 
mentary colour. 

Negative/positive processes of colour photo- 
graphy produce first of all a picture made up of 
colours which are complementary to those of 
the actual scene, and then, by an extension of 
the same principle, give a final print in colours 
which are complementary to the negative and 
true to the original subject. 


COMPOSITION 


Composition is the process by which the 
artist handles the subject matter at his disposal 
in the picture space so as to express his pur- 
pose. His purpose is not always simply to 
please; he may wish to instruct, entertain, or 


even annoy. The subject matter by itself can 
do none of these things; all the virtue lies in 
the way in which it is used by the artist. 

The painter has the advantage of the photo- 
grapher in being able to put in or leave out 



EFFECTS OF TONE. Tone differences moke a subject stand out ogainst its surroundings. Left: Light subject, dark background. 
Right: Dark subject, light background. In both cases the separation is good and the subject contrasts effectively against the back- 
ground. Centre: Subject tone and surroundings the same, resulting in poor differentiation. 
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EFFECTS OF DEFINITION. Left: With all parts of the sceen equally sharp, nothing stands out — the subject appears as a two- 
dimensional design. Right: Making the most important part only sharp ( e.g by diff erential focusing) isolates it, and adds 
an impression of three-dimensional depth. Such effects are best judged visually on a focusing screen. 


bits of subject matter at will. If anything pre- 
sent in the actual scene does not help to make 
his meaning clear, he can leave it out. If the 
purpose of the picture would be strengthened 
by adding something, he can add it. He has 
complete control of his medium. 

Up to a point, the photographer can include 
more or less of the scene by changing his view- 
point, but eventually he must accept the con- 
tents of the picture space as he finds them. 
When that point is reached, his only remaining 
way of expressing his personal feeling about 
his subject matter is by emphasis — playing 
down some objects or aspects of them, and 
stressing others. 

The things that control emphasis in a photo- 
graph are: tone, sharpness, scale, and arrange- 
ment. 

Tone. If the tone of the subject is lighter or 
darker than that of the background and any 
other objects in the picture, the subject will tend 
to stand out from its surroundings and the 
observer’s attention will naturally turn to it. 
If the subject itself is the picture, it is sufficient 
to show it well lighted against a plain back- 
ground of darker tone, or if it is dark in tone, 
against a lighter background. But if the picture 
must include other items all more or less equal 
in tone, the principal item must be emphasized 
in some other way. 


Sharpness. The photographer can direct atten- 
tion to any part of the picture by making that 
part sharp and detailed and leaving the rest 
vague and blurred. This is one of the most usef ul 
photographic tricks for achieving emphasis and 
it is simply a matter of focusing the lens, 
accurately on the part to be emphasized and 
throwing the rest of the picture out of focus. 
Scale. All other things being equal, attention is 
held by the biggest single unit in the picture, 
whether it is an object or a mass of light or 
shade. To give the subject importance, it is 
useful to make it appear larger in proportion 
than the rest of the subject matter. The photo- 
grapher can control the size of the subject in 
relation to other things by altering the distance 
between the camera and the subject. 

Everyone is familiar with the exaggerated 
proportion of hands or feet stretched towards 
the camera in close-up portraits. This apparent 
distortion of the truth is due to the way in 
which the lens looks at things — the closer they 
are, the more they are magnified beyond their 
true proportion. 

In a photograph showing a row of telegraph 
poles along a road running away from the 
camera, the pole nearest the camera is almost 
twice the height of the next nearest, but a pole a 
quarter of a mile away seems no bigger than the 
pole on either side of it. This shows that the 




EFFECT OF SIZE. The relative size of an object influences its importance in the composition of the picture. Left: Close camera 
position, and the subject dominates the picture area. Centre: Camera too close and the subject is of incidental foreground interest. 
Rif ht: Distant viewpoint and the subject becomes part of the over-all picture arrangement. 
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EFFECT OF ISOLATION. The subject in a picture can be more clearly presented when isolated from irrelevant detail. Left: In a 
mass of conflicting shapes, the subject is obscure and the pattern confused. Right: Concentrating only on the subject area and 
leaving out distracting details gives a clear result which is less confusing to the eye. 


apparent size of the subject is increased by 
bringing the camera close to it and decreased 
by choosing a more distant viewpoint. In 
photography a close viewpoint is generally best 
since it emphasizes the proportion of the sub- 
ject and makes the best use of the film space. 

At the same time, the size of any subject can 
be played down by photographing it from a 
more distant viewpoint. For example, a group 
of people photographed at close quarters will 
show those standing near the camera as giants 
and those farthest away as dwarfs; or cottages 
at the foot of a mountain may look right while 
the mountain itself is reduced to an insigni- 
ficant rise. In such cases a more distant view- 
point will give a more normal set of propor- 
tions, and although this means accepting a 
smaller negative image, it can always be 
enlarged in printing. 

Arrangement. The subject receives importance 
from its position in the picture, that is, the 
place it occupies in relation to the other units 
making up the picture and to the actual frame 
of the picture. Arrangement in the picture space, 
like furnishing a room, is to some extent a 
matter of personal taste. But just as it would 
clearly be wrong to put a bookcase with its 
back to the light, or an easy-chair under a 
draughty window, there are rules of common- 
sense that can be applied in arranging the 
picture material and trimming the print. 


When arranging the picture, the first common 
sense rule is to simplify the problem by cutting 
out all unnecessary bric-4-brac, however strong 
its sentimental value. Ruthless simplification 
makes the job of arrangement easier, and the 
meaning clearer and more direct. 

Generally the only means of excluding un- 
wanted material is the choice of viewpoint — 
a close viewpoint is often chosen because it 
cuts out a lot of background and surrounding 
objects; a low viewpoint, because it gets rid of 
fussy foreground and adds importance to the 
subject. 

Having reduced the problem to its essentials, 
the next concern is to see that what remains 
helps the emphasis. All strong lines and shapes 
should as far as possible lead the eye towards 
the important part of the picture, certainly not 
away from it. A useful trick to give this sort of 
emphasis is to take advantage of the pattern 
into which the supporting details fall, or can be 
arranged, and to have the principal interest at 
the “strong” point of the pattern — at the 
top of a triangle, the centre of a circle, the 
inside of a spiral and so on. Such devices, 
however, are easier for the artist’s brush than 
for the camera lens which must take things as 
it finds them. 

Some thought should also be given to the 
balance of shapes in the picture. The principal 
shape should, ideally, be so positioned that it 



CONVENTIONAL PICTURE ARRANGEMENTS. Left: Triangular construction conveying a sense of symmetry. Centre left: Circular 
composition, usually giving an impression of unity or repetition. Centre right: Diagonal arrangement, departs from the static 
effect and introduces stronger appeal. Right: Common L-shaped construction used in foreground framing. 
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POSITIONS OF THE SUBJECT. For the most acceptable results visually, the subject may be positioned according to traditional 
recommendations. Left: Intersections of thirds are usually strong points of interest, especially the top left intersection. Right: 
Horizons are best either high or low in the picture; central division tends to create two pictures. 


does not make the picture too heavily un- 
symmetrical. This is normally ensured by 
balancing the effect of the principal shape by 
a smaller, but stronger, tone in the other half 
of the picture. 

Placing the Subject. The rules about placing the 
principal interest in the picture are straight- 
forward and are as much rules of common sense 
as of art. 

(1) Keep the subject away from the edges of 
the picture. If it is too close to any of the four 
edges, it will look uncomfortable, and there 
will be difficulty in filling the rest of the space 
without drawing the interest away. 

(2) Keep the subject away from the geo- 
metrical centre of the picture. Central placing 
is useful for strong emphasis, but it is apt to be 
dull and formal. This is particularly so with 
the horizon, which should never be allowed to 
cut the picture space into two equal areas. 
Keep it well up or well down, leaving no doubt 
about where the interest lies — in the sky or in 
the landscape. If the horizon has no business 
in the picture, then cut it out completely and 
the picture will be rid of a strong distracting 
force. 

(3) Allow more space in front of the subject 
than behind it. In a portrait, there should be 
more space in the direction of the sitter’s gaze; 


a moving object should be shown moving into 
the picture and not out of it. 

As far as possible these methods of con- 
trolling emphasis are applied when taking the 
photograph. It is always easier to cut out an 
unwanted bit of the scene by a change of view- 
point or camera angle than it is to get rid of it 
in the print. At the same time, the enlarging 
process does give the photographer a valuable 
second chance to improve the composition. 

On the Enlarger. Ideally all the composition of 
the picture should be arranged at the time of 
exposure. In practice, however, this is not 
always possible. 

Any necessary adjustment of shape and 
content to improve the composition can be 
made at the enlarging stage by increasing the 
magnification of the image until the unwanted 
part lies outside the margins of the paper. At 
this stage it is often possible to improve the 
composition of the picture by moving the paper 
about to bring the subject into a more favour- 
able position in the picture area. So long as 
there is enough “air” around the subject on the 
negative it may even be possible to choose 
between a horizontal and vertical picture 
format as an aid to composition. 

Sometimes the negative may contain enough 
suitable subject material to form the basis of 




EFFECTS OF DIRECTION. Lett: Outward directions near the picture edge lead the eye away from the subject. Centre: Ideally 
there should be plenty of space in front of strong directional lines or movement to keep the interest in the picture. Right: 
Inward lines too near the edge lose emphasis and suggest that the important subject is outside the picture. 
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EFFECTS OF BALANCE. Careful relative positioning of important elements may help in balancing the composition. Left: This 
symmetrical arrangement achieves balance but lacks interest. Centre: Concentration into a single area creates unbalance. Right: 
Large elements may be balanced by smaller ones of more dominant tone. 


two or even more separate pictures that can be 
composed in this way on the enlarger. In 
general, however, the main constituents of the 
picture should be selected and arranged at the 
time of taking; there is no merit in shooting 
indiscriminately and hoping to compose a 
picture at the enlarging stage. 

Trimming. A final opportunity to improve the 
composition arises at the print trimming stage. 
As little as possible should be done here, how- 
ever, because trimming means wasted paper 
and a smaller final print. 

Retouching. The various methods of physical 
and chemical after-treatment of both negative 
and print afford another means of improving 
the composition of the subject. Unwanted 
objects may be removed by bleaching out or 
subdued by reducing. Tones may be modified to 
adjust the emphasis of tonal arrangements, and 
additional images — e.g., clouds — may be added 
by multiple printing. 


The above devices are no more than the 
grammar of the picture — they tell the photo- 
grapher how to express himself so that people 
who look at his pictures will understand what 
he wants to tell them. But there must be some- 
thing to say: a knowledge of the rules of 
composition is no substitute for a subject. 

The literature of the graphic arts probably 
includes more books on composition than on 
any other subject, but it is doubtful whether 
such books are of any help to the photographer 
unless he wants to use his camera to turn out 
the sort of picture that could have been done 
better by a painter or etcher. Photography as an 
independent art form is still too new for its 
special principles of composition to have 
crystallized. F.P. 

See also: Visual appeal. 

Books: AH About Composition, by A. Kraszaa-Krausz 
(London); Composition In Pictures, by R. Betheru (Now 
York). 


COMPOUND LENS. Lens unit made up of 
two or more individual glasses. The term is 
seldom used nowadays. 

COMPOUND SHUTTER. Central-opening 
type of shutter f ormed by a number of identical 
leaves mounted symmetrically around the 
optical axis of the lens. 

COMPUR SHUTTER. Trade name of highly 
developed type of diaphragm shutter in which 
the speed of the operating mechanism is con- 
trolled by a clockwork escapement and, on the 
slow speeds, a gear train. 

CONCAVE. Optical term applied to lenses and 
mirrors indicating that the surface is curved 
so that it forms a hollow. 

CONCENTRATED DEVELOPER. Liquid 
developer in a concentrated solution that is 
diluted with water for use. Such solutions are 
more convenient to use than in powder form. 


CONDENSATION. When certain articles are 
brought from a cold atmosphere into a warm 
room, moisture forms on their surfaces. This is 
particularly evident with glass and metal parts, 
and is due to the condensation of moisture 
present as water vapour in the atmosphere. 

Condensation can be very troublesome on 
photographic equipment, particularly lenses; 
even slight misting on a lens causes consider- 
able diffusion of the image. Therefore a cold 
camera brought into a warm room should not 
be used until it has warmed up to the tem- 
perature of the room and the moisture on the 
lens has evaporated again. To hasten this, the 
camera may be held near a warm fire or 
radiator — but not dangerously close. 

The same trouble occurs with enlargers kept 
under similar conditions. 

See also: Cold Weather. 

CONDENSER. Optical system which concen- 
trates the light from a source into a more or 
less defined beam. 
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A condenser consists of either a single 
plano-convex lens or a pair, with their plane 
sides facing out. It forms a very efficient light 
collector and can be adjusted to give suitably 
even lighting. 

Use in Enlargers. A condenser or a condenser- 
diffuser type enlarger makes use of one, or 
more often, a pair of plano-convex lenses. 
Where only one such lens is used, the flat side 
is turned to the negative, and in fact is often 
used as a pressure plate to press down on the 
celluloid side of a film negative to hold it flat. 
When a pair of lenses are used, they are mounted 
with their convex sides facing and not quite 
touching. The mounting for double condensers 
must allow room for expansion due to heat. 

Double condensers give the most even illu- 
mination and make for more compact lamp- 
house design. Single condensers are used only 
because they are cheaper, and then only for the 
smaller negative sizes. The double lens system 
is always used for the larger negative sizes 
because, apart from any other considerations, 
single lenses would be inconveniently thick at 
the centre and would suffer from excessive 
spherical aberration. 

The condenser must be large enough to 
extend well out beyond the comers of the nega- 
tive. If it does not, the comers of the print will 
be darkened or even completely cut off. The 
diameter of the condensers should be slightly 
greater than the length of the diagonal of the 
negative. 

Focal Length. The focal length of the condenser 
system is also important, particularly in a true 
condenser enlarger. Even in the condenser- 
diffuser enlarger the correct focal length is a 
great aid to even lighting. 

The focal lengths of the condensers and the 
enlarging lens are directly related when used to- 
gether. If a single condenser is used, it should 
be capable of forming an image of the lamp 
filament in the enlarging lens without an incon- 
veniently great separation between lamp and 
condenser. If the image is formed at any other 
point, the enlarging lens will be able to project 
another image of this condenser-image on the 
print. The unwanted image may not be sharply 
focused, but it will be sufficiently real to make 
lighting uneven. 

When the condenser-image of the filament 
falls within the enlarging lens, the enlarging 
lens can only see the condenser as an evenly 
illuminated disc of light, and this is exactly 
what is required for even illumination of the 
negative. To achieve this conveniently, a single 
condenser should have a focal length about 
half to the same as that of the enlarging lens. 

The same conditions must be fulfilled by a 
double plano-convex combination. In this case 
the individual components should have a focal 
length of approximately the same to twice that 
of the enlarging lens, so that the focal length 
of the combination will be roughly half to 
equal to that of the enlarging lens. 


Focusing. It has been said above that the image 
of the light source should be focused on the 
enlarging lens to give the most even illumination 
of the negative. But the condenser-to-lens 
distance varies according to the degree of 
enlargement: the lens is moved towards the 
condenser to increase the scale of enlargement 
and away from it to reduce the scale. So in a 
plain condenser enlarger the condenser must 
be re-focused every time the magnification is 
changed. This is commonly done by moving 
the lamp towards or away from the condenser. 
In some horizontal enlargers it is also possible 
to move the condenser. 

When the lighting is a combination of con- 
denser and diffuser, refocusing is not necessary 
for small changes, but it is always advisable 
whenever large changes of magnification are 
made. For this reason the lamphouse should 
always have some provision for lamp adjust- 
ment. 

Spotlights and Projectors. Condensers are 
also employed in spotlights and projectors. 
Spotlight condensers sometimes take the form 
of Fresnel lenses which have the same effect of 
concentrating the light in a beam. They are 
however much thinner than a full-sized con- 
denser lens and are thus less liable to crack as 
a result of the heat of the lamp. 

In projectors special cooling arrangements 
(e.g., a fan) are provided. G.W.A. 

CONJUGATE FOCI. (Conjugate Points). 
Name in optics for the associated positions 
of object and image in relation to the lens. For 
every position of the image there is a corres- 
ponding position of the object and these 
positions are interchangeable. If the distance 
of each point is measured from the corres- 
ponding front (Df) or rear (Dr) principal 
focus of the lens (focal length, f) then: 

Df x Dr = f> 

See also : Lens; Optica I calculations. 

CONSTANT DENSITY RATIO LAW. 
According to Hurter and Driffield, relative 
densities measured over the different parts of a 
negative are decided by the exposure and not 
development. Any changes in the time of normal 
development can affect contrast only. 

CONSTANT GAMMA EMULSION. Term 
indicating an emulsion which develops to the 
same contrast factor over the part of the spec- 
trum being used, i.e., 2500-3750 A for ultra- 
violet spectrography, or 4000-7000 A for 
making separation negatives. 

See also: Gamma; Spectrography . 

CONTACT PAPER. Relatively slow develop- 
ment paper (usually a chloride paper) for mak- 
ing positives by contact printing. 

See also : Papers. 
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Equipment for contact printing is of three 
main types: frames of varying size for making 
single prints; boxes for quick repetition work 
and machines for bulk photographic printing, 
as in commercial photo-finishing or post-card 
production. 

Printing Frames. The familiar printing frame 
is the simplest type of equipment for making 
contact prints from negatives. The sort used 
by amateur photographers is generally made 
from a hard, non-warping wood, like beech, 
although plastic materials have been used for 
small negative sizes. 

The wooden printing frame carries a sheet 
of plain glass in a rebate. The back of the 
frame is detachable and is pressed against the 
glass by hinged spring arms which can be 
released to allow the negative and paper to be 
inserted. 

In use, the frame is laid face downwards and 
the back removed. The negative is inserted, 
image side upwards, and a piece of printing 
paper laid on it, emulsion side down. If a 
white border is required around the print, a 
suitable mask is interposed between the 
negative and printing paper. When printing 
from glass negatives, the plate takes the place 
of the printing glass. 

Exposures with printing frames are generally 
made under an electric lamp. A reading lamp 
is excellent for making occasional prints. The 
frame is laid face upwards on the table and the 
lamp adjusted to throw its light down on to 
the front of the frame. In this way the lamp 
distance is kept constant and all negatives are 
exposed under the same conditions. Even 
illumination is essential. An opal or pearl 
lamp is satisfactory provided that it is kept at 
a distance of more than twice the diagonal of 
the negative away from the frame. 



PRINTING FRAME. The parts, in order of assembly, are the 
frame Itself, the glass ( for film negatives), the border mask, 
and the back. In use the negative and paper are inserted 
between the mask and the back, and pressed into close contact 
by the springs which hold down the back. 

E.— I 


Large Frames. Printing frames for large 
negatives, 8 x 10 ins. or 12 x 15 ins., have to 
be much stronger than the amateur models. 
Because the negative is larger, the pressure 
applied must be greater to give good contact 
with the printing paper. Instead of wood, 
metal castings are often used to give the 
necessary strength, and plate-glass is used in 
the frame to stand up to the increased pressure 
which is applied by levers or screw-clamps. 

The limiting factor in this type of construc- 
tion is the strength of the glass used in the 
front of the frame, and large sizes are apt to 
be heavy as well as expensive. For this reason 
it is usual to employ the vacuum principle to 
obtain the contact pressure in printing frames 
of the largest sizes, such as those used in 
printing from negatives of high definition or 
for printing-down in photomechanical work. 
In this, the frame carries a strong rubberized 
canvas pad or blanket with a heavy rubber 
beading. After loading the frame in the 
normal way, the blanket is pressed into contact 
with the printing glass around the edges of the 
negative, and the space between is evacuated 
by an air pump. The pump may be either 
hand-operated or electrically driven. The 
pressure of the air acts on the back of the 
blanket and the front of the glass, forcing the 
negative into close contact with the paper. 
Since the air pressures on the front and back 
of the frame are exactly counterbalanced, the 
printing glass and its frame can be of much 
lighter construction than where pressure is 
applied mechanically. 

The contact obtained with a vacuum frame 
is much better than that given by a mechanical 
pressure frame since the air pressure is dis- 
tributed evenly over the whole area. The 
frame can be opened instantly after admitting 
air to break the vacuum. 

Miniature Frames. Miniature negatives on 
35 mm. cine-film require special types of 
printing frame. One type is used for making 
contact prints on to strips of perforated 35 mm. 
paper or positive film, and the other for 
miniature lantern slides where the negatives 
are contact-printed on to 2 x 2 ins. lantern 
plates. 

For making diapositive films or film strips 
on 35 mm. film, the printing frame has a film 
magazine and a sprocket drive for feeding the 
positive film into position behind the negative 
in the gate of the printing box, one frame at a 
time. Negative and printing material (film or 
paper) are pressed into close contact by a pair 
of spring-loaded optically flat glass plates and 
exposure is made through the pressure glass 
by placing the printing frame under a lamp. 

The magazine spools hold up to 10 or 1 2 feet 
of paper or film and the exposed material is 
cut off, removed, and developed in lengths of 
5 or 6 feet in a drum-type processing outfit. 
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FILM STRIP PRINTERS. Left: Priming 35 mm. negatives on to 
miniature lantern plates. The negative film is spooled up and 
held above the illuminated gate of a lightbox, and the plate 
aligned in contact above it. Right: Printing on to positive film 
uses a similar arrangement, but needs a magazine, holding the 
positive film, on top of the negative. 

Since exposures cannot be developed indivi- 
dually, this method of printing calls for con- 
siderable skill and judgement to produce an 
evenly-exposed strip of prints. 

The frame for printing lantem slides is 
much simpler. It is an ordinary frame for 
2x2 ins. plates with a pressure pad and guides 
which keep the 35 mm. film parallel to the 
edges of the lantem plate. 

Another special frame is used for printing 
stereo-negatives made in a stereoscopic camera. 
Such frames are sometimes known as trans- 
posing frames because the images from each 
pair of negatives must be interchanged before 
they can be viewed correctly in a stereoscope. 
Printing Boxes. The simplest printing boxes 
consist of little more than a printing frame 
with a self-contained source of illumination. 
Even so, they meet most of the needs of the 
average amateur photographer. 

The cheapest type consists of a wooden box, 
painted white inside, with a light source pro- 
vided by four flash-lamp bulbs, connected in 
parallel with a battery. An opening in the 
top of the box holds a glass plate backed up 
by a hinged, felt-covered pressure pad which 
presses the printing paper and negative tightly 
against the glass. A spring catch holds the 
pressure pad down, and when in this position, 
the bulbs can be switched on to give the 
necessary exposure to the paper. The box will 
take negatives up to quarter-plate size and 
black paper or red celluloid masks can be in- 
serted to leave a white border on the print. 

Better boxes are made of metal and are 
fitted with a 40 or 60 watt lamp, run from the 
mains. The pressure pad is made to operate a 
switch, so that the lamp switches on to make 
the exposure as soon as the pressure pad is 
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firmly in contact with the plate-glass printing 
bed. A small ruby lamp, which burns con- 
tinuously, provides a safe light to allow the 
printing paper to be adjusted without risk of 
fogging. Masking bands on the surface of the 
printing glass can be adjusted to give a white 
border around prints of any size within the 
range of the box. A diffusing sheet of opal 
glass or plastic is generally interposed between 
the lamp and the printing glass to give even 
illumination, and suitably shaped pieces of 
tissue paper may be inserted between the 
negative and the light-source for local printing 
control. This type of printing box meets the 
requirements of the advanced amateur. 

The professional printer must be able to 
turn out work of the very highest quality 
rapidly and easily and handle large negatives 
on both film and glass plates. For such work 
the illumination must be absolutely even, and 
strong enough for short exposures. The con- 
tact between negative and printing paper must 
be good enough to allow negatives of the 
highest definition to print without any loss of 
sharpness. 

This type of printer is built to take negatives 
of any size up to 12 x 15 ins. Thin adjustable 
steel masking bands provide white margins on 
all prints up to this size. The pressure platen 
is made of hinged sections, faced with felt or 
soft rubber to distribute the pressure evenly 
over the area of the negative and paper. 
Specially selected flat plate glass is used to 
ensure intimate contact between negative and 
paper. 

Dlnmination. There is a choice of diffused or 
direct illumination to suit the type of negative. 
Fully diffused illumination is used for negatives 
carrying heavy retouching or blocking-out. 
This type of illumination is usually provided 



PRINTING BOX. Most designs feature a white exposing lamp 
fitted below a glass top with one or i.iore diffusing sheets in 
between. The negative and paper art placed on the glass and 
pressed together by the hinged plTten. An orange lamp ( shaded ) 
permits exact positioning before exposure. 
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by a bank of lamps behind diffusing sheets of 
ground glass or opal. 

For high definition negatives or line subjects, 
direct illumination must be used to preserve 
the fine detail. Such lighting is given by a 
small light source placed some distance away 
from the negative. Even illumination is 
essential, so the printing light is fixed at a 
distance from the negative at least equal to its 
diagonal. The small light source may also be 
obtained by placing a pearl or opal lamp 
behind a 1 or 2 ins. diameter hole cut in an 
opaque baffle. 

Printers sometimes have provision for 
varying the distance between the lamp and the 
printing glass to give further control of the 
exposure time. Other alternatives include 
interchangeable light sources of different 
intensity (from 15 watts to 1000 watts), or a 
variable step-by-step resistance in series with 
the printing light. By adjusting the strength 
of the light it is possible to print from a given 
negative on to any one of the four commonly 
used classes of printing paper (chloride, slow 
chlorobromide, fast chlorobromide, and bro- 
mide papers) and still give about the same 
exposure time. 


Bulk Printers. Wholesale photo finishers use 
special printing machines for handling D. & P. 
and picture postcard printing. On such 
machines, everything possible is made auto- 
matic. The details of construction vary 
greatly according to the make and the output 
of the machine. 

Reflex Printers. The reflex printer for copy- 
ing documents is larger than most types 
of printer because it must be big enough to 
handle documents ranging from 8 x 10 ins. up 
to 30 x 40 ins. or larger. 

A reflex printer is designed to give complete 
contact between the document and the printing 
paper, generally by the use of a heavy sponge- 
rubber pressure pad in conjunction with a 
rubber blanket. Large size printers use the 
vacuum system. A bank of lamps is generally 
necessary to give good, over-all illumination. 
In addition to the usual diffusing glass, there 
is a slot to hold a yellow filter when copying 
documents on a faded or yellow base. 

Reflex printers are intended to be used by 
people with no knowledge of photography or 
printing; they are therefore simple, foolproof, 
and almost automatic. G.B.M. 

See also: Document photography. 


CONTACT PRINTING 


Contact printing is any method of making a 
photographic print in which the sensitized 
material is exposed in contact with the negative. 

There are two principal ways of making 
contact prints: by daylight and by artificial 
light, according to the material used. 

DAYLIGHT 

Daylight printing is the simplest way of 
making prints because the image can be seen 
growing darker as exposure progresses. By 
inspecting the print from time to time it is easy 
to see when it has had enough exposure. Once 
the print has been exposed, it has only to be 
toned and fixed. 

Exposures are rather long (up to ten minutes), 
and the output of prints from one printing 
frame is limited to about half a dozen an hour. 
The prints are the same size as the negatives, 
and are sepia brown in colour. Negatives for 
daylight printing must be more contrasty than 
those for printing by projection. 

The procedure consists of the following steps : 
loading the printing frame, exposing, pro- 
cessing (washing, toning, fixing, final wash). 
Loading the Frame. The negative is put into the 
printing frame, emulsion side up. A sheet of 
daylight paper is placed on top of the negative, 
emulsion side down, and pressed into contact 
by clamping down the back of the printing 
frame. White margins on the print may be pro- 
duced by inserting an opaque paper or cellu- 


loid mask between the negative and the glass. 

When printing from negatives on plates, 
there is no need for a glass in the printing f rame. 

Since daylight paper is only affected by 
comparatively prolonged exposure to daylight, 
it can be handled safely in subdued daylight or 
ordinary artificial light. 

The paper and negative must be free from 
any traces of dampness before they are loaded 
into the printing frame, or the soluble silver 
salts in the paper emulsion may form brown or 
black stains on the negative. 

Exposing. The loaded frame is exposed to bright 
daylight — e.g., light from the blue sky — or even 
the sun. Exposures may vary from as little as 
2 minutes in direct sunlight to as long as 30 
minutes in normal daylight. The light on the 
frame must be even and free from irregular 
patches of shadow. Prints made in direct sun- 
light are usually softer than those made by 
diffused daylight. 

High power mercury vapour and arc lamps 
may also be used for exposing daylight prints. 

From time to time, one half of the hinged 
back of the frame is opened and a comer of the 
paper is turned back to check the depth of the 
image. The inspection must take place in very 
weak daylight and the paper must not be 
allowed to move in relation to the negative or 
it will give a double image. 

The print loses density in the fixing bath, so 
exposure must be continued until the image 
looks a little too dark. The exact degree of 
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CONTACT PRINTING. Top and left: Daylight printing on 
P.O.P. I . Assembling negative and paper in the printing frame. 
2. Exposure to daylight. 3. Washing. A. Toning. 5. Washing. 
6. Fixing, 7. Final rinse. 0. Drying. Top and right: Printing by 
artificial light on chloride paper. 2 A. Exposure. 3A. Develop- 
ment. A A. Stop bath. Stages 6 to 0 following here as f or daylight 
printing ( the fixer used is not, however, the same). Bottom: 
Exposure control by shading (to hold back part of the picture) 
and spot printing (to get more detail into areas corresponding 
to exceptional negative densities). 


over-printing necessary depends on the paper 
used, and must be found by experience. When 
exposure has gone far enough, the paper is 
removed from the printing f rame for processing. 
Processing. Processing consists of: washing, 
toning, rinsing, fixing, washing. 

There are special solutions in which the pro- 
cesses of toning and fixing can be combined. 

Self-toning papers need no toning bath; they 
are simply washed, fixed, and washed again. 

The purpose of the first wash is to remove all 
the soluble silver salts remaining in the P.O.P. 
emulsion. These are the silver salts that have 
not been converted into the visible deposit that 
forms the image. They have no further purpose 
to serve and if they were not removed, they 
would interferetvith efficient toning and fixing. 

The exposed prints are washed for about 
twenty minutes in running water, or in about 
five changes of water. Some types of P.O.P. or 
self -toning papers may curl violently; these are 
best washed in a very shallow dish in changes of 
water. In this way it is easier to keep them flat. 

Most tap water turns milky when silver 
salts dissolve in it. When successive changes of 
such water stay quite clear, washing can be 
considered complete. 

The simplest toning bath for P.O.P. is a 
mixture of equal parts of 1 per cent gold 
chloride and 10 per cent ammonium thio- 
cyanate solutions, diluted fifty times. Even' 
100 c.cm. (4 ounces) of such a toning bath will 
tone 700 square cm. (120 square inches) of print 
area. The toning solutions should be made up at 
least two hours before use. 

An alternative toning bath consists of one 
part 1 per cent gold chloride and four parts 
10 per cent disodium phosphate, diluted twenty 
times. 

Toning time and tones obtained vary as the 
bath becomes exhausted. If a batch of prints is 
to have a uniform tone, all the prints must be 
toned together. 

When the prints arrive at the desired tone, 
they are washed for about ten minutes in 
running water, and then fixed. 

P.O.P. papers are fixed in a 20 per cent 
sodium thiosulphate (hypo) solution. Acid 
fixers must not be used. 

The prints should be kept moving in the 
fixing bath to ensure free access of the solution 
and complete fixation. Prints should not be 
left in the solution for longer than about ten 
minutes, or they will begin to lose density. (At 
the same time it is useful to know that pro- 
longed fixing will lighten slightly over-exposed 
prints.) 

With self-toning papers, toning takes place 
during fixing, and no separate toning bath is 
necessary. Certain self -toning papers do not 
even require pre-washing; they can be put in the 
fixing bath straight after exposure. 

With most papers, 100 c.cm. of fixer will 
fix about 1,500 square cm. of print area — i.e., 
4 ounces to 240 square inches. 
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P.O.P. that is normally toned and fixed in 
separate baths may have both operations 
carried out in one combined toning and fixing 
bath. The prints therefore only need washing 
before treatment. 

Combined toning and fixing baths must not 
be over-worked. This is because they still 
appear to tone satisfactorily after the bath is 
in fact exhausted. The image in these circum- 
stances is not permanent. 

A suitable formula for a combined toning 
and fixing bath is: — 


Sodium thiosulphate 
Sodium chloride 
Lead nitrate or acetate 
Gold chloride, 1 per cent 
solution 
Water to make 


12 ounces 
35 grains 
35 grains 

2 ounces 
40 ounces 


300 grams 
2 grams 
2 grams 

50 c.cm. 
1,000 c.cm. 


The capacity of combined baths is about 
1,800 square cm. of print area for every 01 
gram of gold chloride contained in the volume 
of solution used — i.e., 190 square inches for 
every grain. 

Printing-out papers should be washed for 
at least one hour in running water, or in twelve 
to fifteen changes of clean water. They are then 
blotted and dried in the normal way, prefer- 
ably by laying them face down on a clean towel. 

Glossy gelatin daylight papers can be cold- 
glazed. 


ARTIFICIAL LIGHT 

Contact printing on development papers is 
quicker than daylight printing, but it calls for 
more skill because the image is invisible until 
after development, so that the correct exposure 
must be found by experiment. 

The average exposure time may generally be 
adjusted to lie between 5 and 10 seconds, and 
the output, particularly with automatic contact 
printers can be as high as 500 per hour. 

The prints are the same size as the negatives. 
They are usually black, but there are special 
warm tone papers which can be made to give 
warm black to red-brown prints. There are 
also special toners that can tone bromide 
prints to any desired colour. 

Development papers are available in a range 
of paper grades, and can deal with negatives of 
almost any contrast. 

It is always a wise plan to collect a batch of 
negatives f or printing and then to do the job 
with ample quantities of developer and fixer 
under reasonably convenient working condi- 
tions. The habit of dealing with negatives 
piecemeal encourages makeshift darkroom 
arrangements and careless technique. 

Sorting the Negatives. Negatives should first be 
grouped according to their suitability for 
printing. 

Unsharp negatives, also films or plates 
showing deep scratches, dark or light blobs, 
streaks, and areas of uneven density, are use- 
less for print-making without some prelimi- 
nary preparation. Very much under-exposed 


negatives with practically no shadow detail 
should also be thrown out unless they have 
been deliberately under-exposed — as, for in- 
stance, in night photographs. 

The remaining negatives are then grouped 
according to their contrast and hence the 
grade of paper they will require to give accept- 
able prints. 

MATCHING NEGATIVES AND PAPERS 


T ype of Negative Correct Paper Grade 


Very contrasty, consistinf almost 
entirely of areas of black and 
almost transparent film or glass 
Contrasty. witR strong blacks and 
fairly thin shadows 
Average, with moderate contrast 
and tone gradation 
Soft, with light grey shadows and 
medium grey highlights 
Very soft (and often very thin), with 
little tone difference between the 
various parts of the image 


No. 3 or Extra Soft 


No. I or Soft 

No. 2 or Normal 

No. 3 or Hard 

No. 4 or 5 : Extra 
Hard or Ultra Hard 


The over-all density of the image does not 
affect the grade of paper that should be used ; 
the paper grade is decided solely by the con- 
trast of the negative. It is thus possible to 
have very dense and very thin negatives in the 
same contrast group. For this reason it may 
be worth while to classify the negatives in each 
group according to their density. This avoids 
big jumps in exposure times from one negative 
to the next within the same group. 

The density may be judged by laying the 
negative on the page of a book printed clearly 
on white paper. Using this test, a negative in 
each group should then be chosen as a standard. 
It should show good tone and detail even in the 
thinnest areas, and the text underneath should 
be just readable, even through the densest 
areas. The negatives in the group can then be 
divided into four or five degrees of density with 
reference to the standard negative. It is much 
safer to estimate densities in this way than by 
looking through the negative at a bright light. 
Loading. During loading and processing the 
printing paper must be handled under suitable 
safelight illumination — generally yellow or 
light brown. 

The printing frame is opened, the back taken 
out, and the negative inserted, emulsion side 
up. It is then covered by a sheet of printing 
paper, emulsion side down. The back of the 
frame is then replaced and clamped down, 
pressing the negative and paper into intimate 
contact. 

If the print is to have a white border, a cut- 
out opaque paper or red celluloid printing 
mask is inserted in the printing frame in front 
of the negative. When printing from plate 
negatives, the glass of the printing frame is not 
needed. 

To load a printing box the pressure plate is 
raised and the negative is placed, emulsion side 
up, on the glass window and covered by the 
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paper. The pressure plate is then clamped 
down, pressing the paper and negative into 
close contact. 

It is absolutely necessary for the emulsion 
side of the paper to be in contact with the 
emulsion side of the film or plate. If the nega- 
tive is inserted the wrong way round, there will 
be a layer of film or glass between the actual 
negative surface and the paper, so the print 
will be blurred. 

If the paper is inserted the wrong way round, 
the print will be even more blurred and it will 
also be very much under-exposed, since the 
light will have passed through the paper base. 
In both cases the right and left hand sides of 
the picture will be transposed. 

Exposure. The amount of exposure that the 
print must be given depends upon the speed 
of the paper and the density of the negative. 

The amount of exposure that the print 
receives depends upon the power of the printing 
light, the length of time the light shines on it, 
and its distance from the light. 

In practice it is easier to get at the right 
answer by trial and error. 

With average contact papers suitable lamp 
distances are 7-8 ins. (20 cm.) with a 40- 
watt lamp, 12 ins. (30 cm.) with a 60-watt 
lamp, or 15-18 ins. (40-50 cm.) with a 100- 
watt lamp. Under these conditions, average 
negatives will call for exposure times around 
5-10 seconds. 

The closer the printing frame is brought to 
the light, the shorter the exposure that can be 
given. But when the lipht is very close to the 
frame, the centre of the negative will receive 
noticeably more exposure than the edges. So 
there is a minimum distance for the printing 
light. This distance depends upon the size of 
the negative. 

Negatives larger than 24 x 34 ins. (6x9 
cm.) should not be exposed nearer than 12 
ins. from the printing light, and 5x7 ins. 
(13 x 18 cm.) or larger sizes should be at 
least 1 8 ins. away. 

In a printing box the distance is in any case 
fixed by the design of the box. 

Chlorobromide or bromide papers are very 
much faster than ordinary contact papers, so 
the printing distances have to be greater in 
proportion; they may be several feet. 

For timing the exposures there is probably 
nothing better than a loud-ticking alarm clock. 
It is usually easier to count ticks by ear than 
to watch the seconds hand of a clock — particu- 
larly in the relatively dim light of the darkroom. 

Alternatively, the exposure can be regu- 
lated by one of the many types of automatic 
timer. These switch the light off at the end of 
any desired interval. 

Processing. After exposure the paper is re- 
moved from the frame or printer and it is 
then ready for development, which is basi- 
cally the same as with enlarging papers. This 
can be carried out by subdued artificial light 


(no direct light must reach the print) or by a 
suitable safelight. The steps involved are; — 

(1) Immerse the print in a suitable developer, 
and develop at about 65° F. for |-1 minute, 
moving the print in the solution all the time. 

(2) Lift the print out of the developer, drain, 
and immerse in an acid stop bath for 10-15 
seconds. 

(3) Lift out, drain, and immerse the print in 
the fixing bath. Keep the print moving for the 
first half a minute or so. 

(4) After 1 minute white light can be turned 
on for inspection. 

(5) If two fixing baths are used, transfer the 
print to the second fixer after about five 
minutes. Move the prints about from time to 
time in both fixers and take special care that 
they do not stick together. 

(6) After a further 5 minutes, transfer the 
print to a bowl of water for washing. 

(7) Wash in running water for 1 hour or in 
about twelve changes of water, leaving the 
prints for 5 minutes in each change. 

(8) If a hypo eliminator is used, immerse 
the prints in the eliminator solution for 10 
minutes, moving them about all the time. 

(9) Follow this by a further wash of 10 
minutes. 

(10) Drain the prints and lay them face down 
on a clean fluffless cloth, or squeegee them on a 
glazing plate for glazing (glossy papers only). 

(11) Leave until dry. 

Test Exposures. Once the grade of paper, 
strength and distance of the printing light, 
and the method of processing have been 
decided, the only variable factor that remains 
is the actual time of exposure for each negative. 

The best time is found by making small test 
prints. A number of these are made from an 
average negative, with exposures of, say, 2, 4, 
8, 16 and 32 seconds. The test prints need not 
be larger than about 14 x 24 ins. (4x6 cm.). 

The first batch of test prints is developed, 
fixed and, after a quick rinse in water, brought 
out into the light for inspection. There should 
be one print that stands out as being better 
than the others, and this print is made the 
basis of a second series of test exposures. For 
instance, if the best print received an exposure 
of 6 seconds, the second series should cover 
5, 6 and 7 seconds. One longer and one shorter 
exposure will generally be sufficient to pin- 
point the correct exposure. 

If all the prints in the first series of tests are 
either too light or too dark, the strength or 
distance of the printing lamp must be suitably 
adjusted. With a printing box only the light 
strength can be adjusted. 

If even the lightest print is too dark, a 
weaker bulb or an increased standard printing 
distance should be used, and vice versa. 

The test prints will also show whether the 
paper grade is correct: if the best print is grey 
and dull, without proper blacks or really light 
tones, the paper is too soft. If the print is too 
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black in the shadows, and at the same time 
white and lacking detail in all the lighter areas, 
the paper is too contrasty. 

As the sensitivity of different paper grades 
is not the same, a new series of test exposures 
must be made to find the correct exposure time 
whenever the grade of paper is changed. 

After some experience, both print contrast 
and exposure can be estimated with fair 
accuracy so that there is no need to make a 
full range of test exposures every time unless 
for specialized work. 

One test print will serve to check the first 
guess and show what exposure adjustments are 
needed. It will rarely be necessary to make more 
than two tests of this sort, and after some prac- 
tice, the appearance of the print after develop- 
ment alone will provide all the indication 
needed. 


Local Exposure Control. In contact printing, a 
limited amount of local control can be exer- 
cised in the manner of shading and spot print- 
ing enlargements. 

The hand or a suitably-shaped card can be 
held between the printing frame and the light 
to control the exposure of larger areas of the 
picture — e.g., the foreground in landscapes— 
and a card with a hole in it can be used for 
overprinting smaller areas. 

In more elaborate printing boxes, movable 
masks can be inserted between the lamps and 
the printing stage to serve a similar purpose. 
In some multi-lamp printers the lamps can be 
switched on or off individually to vary the 
strength of the printing light over selected 
areas of the negative. L.A.M. 

Book: All About Making Contact Prints, by B. Mautner 
(London). 


CONTINUOUS TONE PROCESSES* Term 
applied to those photomechanical printing pro- 
cesses in which the image consists of a whole 
range of tones from light to dark — e.g., 
Collotype, Woodbury type — as opposed to 
discontinuous tone processes in which the 
image is built up of areas of dense black tones 
and blank paper — e.g., letterpress processes 
and lithography. Photogravure has a dis- 
continuous image, but owing to ink flow it 
often appears continuous. 

CONTRAST. In black-and-white photography, 
a difference in visual brilliance between one 
part of the image and another. Without con- 
trast there could be no such thing as a visible 
image. A line in a photograph is visible only 
because it is either darker or lighter in tone 
than its ground. Every distinguishable part of 
the image is the result of a contrast in tone 
values. 

Range and Scale. The difference in brilliance 
between the lightest and darkest tones in the 
picture is called its brightness range. The bright- 
ness range of a scene, negative, or print is 
expressed as the ratio of the brightest to the 
deepest tone. 

The brightness range of an image tells only 
one thing about its character. A line drawing in 
Indian ink and a photograph may have the 
same brightness range, from black pigment or 
silver to white paper. But the line drawing has 
only two tones: black and white, while the 
photograph includes intermediate grey tones 
as well. In the same way, two photographs may 
be equal in over-all brightness range or con- 
trast while one includes a large number of 
intermediate grey tones between black and 
white, and the other only a few. 

The scale of tones discernible in a photograph 
governs its ability to give an impression of 
roundness and depth. To some extent, the black 
and white artist can overcome the monotonal 


limitations of his medium by shading effects 
in which he builds up intermediate tone values 
by shading and cross-hatching. He uses lines 
of varying thickness, more or less widely 
spaced according to the tones he wishes to 
reproduce. 

So the artist can show the gradual change of 
tone that indicates a rounded surface, even 
though he is restricted to two tones — black and 
white — in applying the medium. 



COMPARISON OF CONTRAST RANGES. I. An overofe tub lea 
may consist of a house of light tone in sunshine with shadows, 
with a range of 1 60 : I. 2. The negative records ell the tones. 
3. A paper print can only reproduce a portion of the range. 
A. A transparency projected on screen shows increased shadow 
detail. 5. A transparency lit from behind Is the only positive 
reproduction that can encompass the full original range. 
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A photographic print does not express inter- 
mediate tones in this way. The depth of tone 
in a print is decided by the density of the silver 
deposit. In order to reproduce a full scale of 
tones from black to white the density of the 
deposit must vary in exact proportion to the 
luminosity of each individual tone. 

In practice the tones of the picture may pro- 
ceed from black to white in a small number of 
steep steps or a large number of shallow steps. 
The first results in a hard, boldly defined pic- 
ture with only a few clearly recognizable tones — 
say black, dark grey, middle grey, pale grey, 
and white. This is known as a hard or contrasty 
print. 

The second gives a print in which there are 
no sudden changes from dark to light tones and 
in which the eye can recognize a large number 
of tones of different depths of grey. A picture 
of this type can reproduce the gradual change 
of light over a rounded surface and the delicate 
differences in tone between near and more dis- 
tant objects. This is known as a soft print. 
At the same time, since there are no strong 
contrasts, the picture loses brilliance and 
strength. It may even appear flat and dull. 

For this reason the photographer generally 
aims at producing an intermediate type of 
print with enough tones to give modelling but 
not enough to destroy firm definition and 
clarity. In other words, a normal print. 

Subject Contrast. The brightness range of the 
subject and hence the contrast of the picture it 
presents to the camera can vary within very 
widelimits. Ascenewhere there are whitewashed 
walls in sunlight and, say, dark paintwork in 
shadow, might have a brightness range of 160 : 
1 , while the range of a calm seascape under an 
overcast sky might be only 2 : 1. A scene with 
a brightness range of 60 : 1 viewed in cross- 
lighting might not exceed 20 : 1 in frontal 
lighting where no shadows are visible. The 
brightness range of a subject seen against the 
light is always extreme, but it can be greatly 
reduced by the use of a light reflector or a 
synchro flash. 

Negative Contrast. The brightness range of a 
negative can never exceed a ratio of about 
200 : 1 because the clear parts are never com- 
pletely transparent and the blackest parts are 
never completely opaque. 

How contrasty any particular negative may 
be is determined by the contrast of the original 
subject, by the type of emulsion used, by the 
characteristics of the developer, and by the 
time of the development. 

A contrasty subject tends to give a contrasty 
negative, although by suitably varying the 
characteristics of the developer or the time of 
the development it is possible to produce a 
contrasty negative of a sof t subject or vice versa. 
Print Contrast. The contrast of a glossy bro- 
mide print can never be more than about 60 : 1 
and it is generally very much less because the 
whitest highlights are always slightly veiled. 



SUBJECT AND NEGATIVE CONTRAST. A. subject of normal 
brightness range. B, reproduction of subject tones on negative 
material of normal gradation. C, reproduction on contrasty 
negative material (either shadow or highlight gradation Is 
lost). D, reproduction on sof t gradation material (negative has 
no very high or low densities ). 

and the deepest shadows are never completely 
black. In practice the contrast of the picture 
will depend on the contrast of the negative and 
on the paper grade. It is also affected by the 
texture of the paper surface. Matt and rough 
textures scatter light and so give less deep 
shadows than a glossy or glazed surface, thus 
shortening the contrast range. 

Subjective Considerations. Contrast as mea- 
sured, say, by a densitometer is by no means 
the same thing as contrast as it is finally per- 
ceived by the human brain. For example the 
eye may fail to perceive a range of delicately 
graduated tones in a photograph which also 
contains a strong patch of brilliant light or deep 
shade. It may be much more affected by a 
white image on a dark ground than by an iden- 
tical dark image on a white ground, although 
the measured contrast would be the same in 
each case. 

Again, the ability to discriminate between 
tones — and therefore to perceive detail and 
form — varies between one observer and an- 
other. It may even vary in the same observer; 
if he is familiar with the subject and knows 
what to look for, he is more likely to be able 
to see significant detail in it than if he has no 
idea of what he is looking at. 

Finally, the colours of the scene can alter 
the whole character of its contrasts as they 
appear to the eye. 
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From all this it is clear that the subject of 
photographic contrast is complicated by a 
number of subjective and psychological factors, 
by personal idiosyncrasy and by the nature and 
context of the scene. 

It is a matter of first importance to all photo- 
graphers because it controls print quality and 
decides the whole character of the finished 
photograph. But much of its effect must be 
learned by observation and experience. It 
cannot be mastered simply by being measured 
with a densitometer. F.P. 

See also: Characteristic curve; Contrast control; Gamma; 
Papers. 

CONTRAST CONTROL. Some control of the 
contrast of the negative is possible during pro- 
cessing. 

There are also various ways of controlling 
the contrast of the final photograph by modi- 
fying the normal technique during enlarge- 
ment, or when processing the print. 

Control in Negative Processing. The two main 
means of controlling contrast are the choice of 
developer and degree of development. 

Energetic developers will give high contrast 
especially the caustic hydroquinone type of 
formula as used in process work. Soft-working 
developers, including most fine-grain types 
will give low contrast images. 

Prolonged development also increases the 
image contrast, while shortened development 
decreases. 

The maximum contrast obtainable in each 
case depends on the negative material employed. 

Special techniques like two-bath and water- 
bath development also afford a measure of 
contrast control. 

Control by Masking. The contrast of the nega- 
tive can be effectively altered by making a weak 
positive transparency from it, and of different 
contrast. This is then bound in register with the 
negative before the print is made. The technique 
is known as masking, and although involving 
extra work, is capable of producing a wide 
range of results that can be strictly controlled. 

In particular, masking is of special value in 
making colour prints or duplicates of colour 
transparencies. 

Control in the Enlarger. The type of enlarger 
illumination to some extent controls the con- 
trast of the projected image. But it is not 
practicable to use the enlarger illumination as 
a means of contrast control, because this would 
mean changing the lamphouse and the optical 
system. 

One practical system of contrast control 
in the enlarger is to use a printing light of 
variable colour in conjunction with a variable 
contrast paper. The latter produces prints of low 
contrast when the printing light is rich in blue, 
and higher contrast as the light becomes in- 
creasingly yellow. 

The colour of the light can be controlled by 
using a range of interchangeable filters. The 


filters may be balanced for high efficiency 
enlarger lighting, and each have the same filter 
factor, so that the printing exposure is un- 
affected by changing the filters. 

Part of the exposure may be given through a 
filter of one colour, and the rest through a filter 
of the colour giving the opposite contrast 
effect. This method gives a continuous range of 
contrasts from hard to soft. 

On some enlargers an automatic mixing 
device combines the light of two different 
colours, again yielding a continuous range of 
contrasts. 

A different procedure, widely used in photo- 
finishing laboratories, entails the use of a hard 
paper grade all the time, the contrast being 
reduced by a controlled fogging exposure 
before, during, or after the printing exposure. 
The relative exposure times are balanced by a 
suitably calibrated control. 

A modern printing method with automatic 
contrast control uses a flying spot scanner 
(produced by an electron beam on a cathode 
ray tube) as the light source. This scans the 
negative in the manner of a television image, 
while the light coming through is monitored by 
a photo-multiplier tube. With the aid of a 
suitable electronic circuit this tube controls 
the brightness of the scanning spot all the 
time, and so adjusts effective printing exposure 
to the negative density over each part of the 
image. The feed-back of the photo-multiplier 
tube is variable, giving any desired degree of 
contrast reduction or increase. The necessary 
apparatus is complex and comparatively 
expensive. 

Control in Print Processing. Some local control 
may be exercised during development by 
applying concentrated developer to the print 
locally with a plug of cotton wool. This often 
gives some increase in local density and con- 
trast. But the actual degree of control possible 
in this way is very small. 

One way of controlling the over-all contrast 
of the print is to choose a developer with suit- 
able characteristics. Otherwise, of course 
there is the more normal course of using a 
different paper grad# — or even a different 
make of paper. 

Hydroquinone developers give slightly higher 
contrast than a standard metol-hydroquinone 
f ormula. By the same standard metol developers 
give prints of rather lower contrast. The range 
of control made possible by the use of pure 
metol, or pure hydroquinone developers, is 
usually equal to just under one paper grade. 

Three stock developers consisting of pure 
hydroquinone, standard metol-hydroquinone, 
and metol formulae, give the whole range of 
control available by this method. There is 
nothing to be gained by using intermediate 
mixtures. 

With a standard metol-hydroquinone for- 
mula, the strength of the solution also has 
some slight effect on contrast; the more 
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concentrated the developer, the more contrasty 
the result. 

For very close control of contrast the 
developer may even be changed during develop- 
ment. The print is made on the contrast grade 
estimated to be most suitable, and develop- 
ment is started in a metol-hydroquinone 
developer solution. If the image, as it begins to 
appear, seems too soft, the print is transferred 
at once to the hydroquinone developer. If it 
appears too hard, it is put into a metol 
developer, and development finished there. 
The sooner the print is transferred to the soft 
or contrasty developer, the more marked the 
effect. 

This method calls for experience in judging 
the contrast of an under-developed print; this 
is not necessarily the same thing as the contrast 
of the finished picture. 

The developers very quickly become con- 
taminated in the process of changing over 
prints from one to the other. For this reason it 
is better to work with small quantities and 
renew the baths frequently rather than con- 
tinue to use a comparatively large volume of 
heavily contaminated solution. L.A.M. 

See also: Gamma; Hot water bath development; Masking; 
Optical aftertreatment; Redevelopment; Tnree-bath develop- 
ment; Tone separation; Two~batk development. 

CONTRAST FILTER. Filter that is used to 
lighten or darken the tone of a particular part 
of the subject in relation to its surroundings, as 
opposed to a filter employed to reproduce each 
tone in its normal visual brightness. Any filter 
can be employed as a contrast filter. 


CONTRAST GRADES. Bromide, chloro- 
bromide and contact (gaslight) development 
papers are manufactured in a range of grades of 
printing contrast. The number of grades varies 
with the maker of the paper and the type. 

See also : Papers. 

CONTRE JOllR. Term used to denote a 
photograph taken with the camera pointed 
towards the light source. Contre jour pictures 
are notable for the halo effect usually produced 
around the edges of the subject. Because photo- 
graphs of this type have an extremely great 
brightness range, they call for special care in 
exposure. 

See also : Against the light. 

CONTROL PROCESSES. In the early days 
of photography the shortcomings in contrast 
range and colour sensitiveness of plates and 
film caused photographers to look for printing 
processes that would give them some control 
over the tone values of the picture. The pigment 
processes answered the need of the time and 
some of them continue to be used to-day. In 
the pigment processes the image is developed in 
light sensitive gelatin or gum, loaded with a 
suitable pigment. During development the 
pigment is removed from the highlights, 
revealing the white paper base. The amount of 
pigment removed is under the control of the 
photographer, and in some processes extra 
pigment can be added to the shadows, giving 
very full control over the tones of the final 
picture at the photographer’s discretion. 


BASIC CONTROL PRINTING PROCESSES COMPARED 


Nome 

Type 

Control 

Remarks 

Bromoil 

Bromide print image bleached 
out and converted to relief 
image: this accepts ink or 
pigment 

Hard ink applied by brush, 
strengthens shadows. Soft 
ink softens lights and con- 
trasts. Ink applied in different 
depth. Highlights picked out 
with soft rubber. Unsightly 
objects can be removed 

This process needs some skill 
and experience before it can be 
used with success 

Bromoil Transfer 

The Inked bromoil print may 
be used to transfer the pig- 
ment image to a sheet of plain 
paper by passing this through 
a roller press in contact with 
the Inked print 

None at this stage 

Prints very attractive and are 
more delicate than the bromoil. 
Care Is needed — and experi- 
ence-before the process is 
mastered 

Oil Process 

Gelatin coated double trans- 
fer paper as used for carbon 
printing is sensitized with bi- 
chromate and exposed by 
daylight in contact with nega- 
tive. When a brown image is 
seen with shadow detail, 
print is washed in running 
water until stain disappears. 
Then dried print soaked and 
ink applied with brush as for 
bromoil 

In application of the ink by a 
patting action on the print. 
Detail will be built up and 
density attained 

This process has largely been 
superseded by bromoil, which 
allows a small negative to be 
used for enlarging 

Gum Bichromate 

Print sensitized by coating of 
bichromate, gum arabic and 
pigment. Print exposed under 
negative by contact in day- 
light or to mercury vapour 
lamp. Developed with water 

Application of water to the 
image by spray or gentle Jet 
reduces depth. For more 
rapid development warmer 
water may be applied locally. 
Gentle brushing will also 
emphasize highlights 

Prints may be made In any 
colour pigment. Considerable 
skill needed to master the pro- 
cess. Has largely been super- 
seded by bromoil, as control 
is effected more easily 
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Many of the processes have to-day little 
more than historical interest, but others have 
been improved, and are still employed to a 
limited extent. 

With the improvements that have been made 
in bromide papers and the almost universal 
use of small negative sizes, many printing pro- 
cesses that were formerly popular have gone 
out of use. The more important of these are 
mentioned in the table. 

The only important pigment or control pro- 
cesses in use today are carbon, carbro, gum 
bichromate, bromoil. Of these, only gum 
bichromate and bromoil permit really selective 
control. There are numerous other processes 
which allow varying degrees of control; some 
of these are obsolete variations of a basic 
process, others are modern processes which, 
although not intended as control methods, 
do provide some incidental manipulation. Of 
all these, the most well-known processes — by 
name at least — are as follows: arabin, Artigue, 
broloid, dusting on, Flexichrome (a modern 
hand-colouring process), Fresson, gum plati- 
num, ozobrome, ozotype. R.M.F. 

See also: Obsolete printing processes; Pigment processes. 

CONVERGING LENS. Lens which is thicker 
in the middle than at the edge. It has at least one 
convex surface. Rays of light passing through 
a converging lens are refracted towards the 
optical axis. A converging lens is capable of 
forming a real image, i.e., that can be focused 
on a screen. 

CONVERGING VERTICALS. When anyone 
stands in front of a tall building and looks up at 
it, the vertical lines appear to converge as they 
get farther away. At least, they converge in 
the image on the retina of the eye. 

But we know that the sides of the building 
do not really converge, so the brain refuses 
to see them that way. Furthermore, the whole 
of the building is not seen at once; the eye 
travels up and down and the brain adds up 
all the impressions. So it has time to cheat 
itself over the discrepancy between the width 
at the bottom and that at the top. 

But when a camera looks up at the building, 
it records it as it appears to the lens. And it 
does it with a single glance. When the brain 
is confronted with the true state of things on a 
reduced scale so that the eye can take it in as 
a single impression, it refuses to accept it. In 
some way the picture looks wrong. But if the 
photograph shows the sides of the building 
parallel (as they could never appear from an 
angle) the brain is satisfied and the picture 
looks right. 

In taking the photograph, the true picture 
can be distorted to get one that is acceptable. 
This is done by first setting up the camera 
with the negative plane vertical and parallel 
with the front of the building. This ensures that 


the vertical lines will be parallel, but it also 
means that the top part of the building lies off 
the negative. So the rising front is brought into 
action, sliding the lens up until it brings the 
whole of the building into the picture. 

If converging verticals have not been ad- 
justed in the camera, they can be corrected 
during enlarging by tilting the paper easel, or 
by tilting both the easel and the negative carrier. 
Tilting the Paper. The vertical lines of the 
picture can be made to run parallel by raising 
the paper holder or masking frame at the edge 
towards which the lines of the projected image 
diverge. This decreases the degree of enlarge- 
ment at the raised end of the paper and, within 
limits, it is possible to adjust the tilt until the 
lines run parallel to each other and to the sides 
of the picture. But because the surface of the 
paper no longer lies in the same focal plane, 
the image will no longer be uniformly sharp. 
So the image is first focused so that it is sharp 
in the centre of the field, and the lens is then 
stopped down until the depth of focus extends 
far enough to give sharp definition over the 
whole of the image. 

Another consequence of the tilt is that the 
image gets progressively brighter as the dis- 
tance between the lamp and the paper decreases. 
So it is necessary to give the paper progressively 
less exposure as it comes closer to the lamp. 
This is done by shading the enlargement during 
part of the exposure. 



CORRECTING DISTORTION. Top: Pointing the camera upwards 
at a building makes verticals converge. Bottom: Tilting the 
paper holder during enlarging makes the converging lines 
parallel, but usually distorts the original proportions. 
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CORRECTING DISTORTION. Top left: The degree of distortion 
due to straightening verticals in enlarging depends on the 
distance A which is normally fixed for a given enlargement. 
Top rifht: Tilting the lens alters the lens-negative distance 
B to permit approximate correction. Bottom left: An alterna- 
tive method is to tilt both negative and baseboard in opposite 
directions to each other. Bottom right: In this case a new 
lens-negative distance C for more correct representation is 
obtained by sliding both negative and paper sideways. 

Tilting the paper also has the effect of 
stretching out the image in the direction of the 
lines that have been made parallel. The elon- 
gation is only important in scientific photo- 
graphy; it is rarely as objectionable in pictorial 
work as uncorrected verticals. 

Tilting Paper and Negative. The amount of 
possible correction can be doubled if the 
negative carrier also is tilted. The direction of 
tilt should be opposite to that of the paper, so 
that the side of the negative towards which the 
lines diverge comes nearer to the lens — i.e., 
the negative earner is lowered at the side on 
which the paper holder is raised. 

This method of correction preserves the 
negative-lens-paper relationship, so that the 
image can be focused sharply over the whole 
area without stopping down the lens. The pro- 
jected image will be perfectly sharp so long as 
the planes of the negative and the paper inter- 
sect in the plane of the lens. 

Since the tilted paper is still farther away 
from the lamp at one side than the other, 
progressive shading is still necessary during 
the exposure. 

Whether the image is elongated or com- 
pressed, depends on the lens used and on the 
scale of magnification. 

Accurate Correction. For exact work — aerial, 
architectural records, etc. — no distortion of 
the image proportions can be tolerated. But 
the necessary accuracy is only possible under 
specific conditions of compensation; the 
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focal length of the enlarger lens must be 
greater than that of the camera lens used in 
making the negative, and a definite degree 
of enlargement must be used depending on the 
focal lengths of camera and enlarging lens. 

To correct converging verticals without 
image distortion, the degree of enlargement 
required is given by the equation : 

M = Fe / %/ (Fe)’ - (Fc)> 
where M = Degree of enlargement 

Fe = Focal length of enlarger lens 
Fc = Focal length of camera lens 

If prints are required on any other scale of 
enlargement than this, a duplicate negative 
must be prepared at this magnification, and 
prints made from it in the normal way. The 
greater the focal length of the enlarger lens, 
the smaller the magnification required for the 
duplicate negative. L.A.M. 

See also: Camera movements; Perspective. 

CONVERTIBLE LENS. A convertible lens is 
made of two lens assemblies which can be used 
separately or together. Such lenses are usually 
of the symmetrical type. 

When the separate lenses have different focal 
lengths — as they usually have — there is a 
choice of three different focal lengths. To use 
the rear component alone, the front one is 
simply unscrewed, but when the front com- 
ponent is used alone it has to be screwed into 
the back of the mount in place of the rear com- 
ponent to bring it behind the stop. 

Changing over from one arrangement to 
another alters the effective aperture as well as 
the focal length. For example, a lens may have 
a combined focal length of 12J ins. at / 6-8, 
and the component parts used alone give 
lenses of 26J ins. at/ 16 and 19 ins, at /12-5. 

See also: A focal lens; Supplementary lenses. 

CONVEX. Optical term applied to a surface, 
e.g., of a lens or mirror, which bulges out- 
wards at the centre. 

COOKE TRIPLET. The Cooke Triplet was 
designed by H. D. Taylor in 1893. It was a 
complete breakaway from tradition, and was the 
basic design from which many of the leading 
camera lenses have been developed. In its 
simplest form, the Cooke Triplet uses three 
glasses arranged as a compound front and a 
single back element. The front element consists 
of a converging crown glass and a diverging 
flint glass with a small separation. The back 
element, widely separated from the front, is a 
converging crown glass. This lens was manu- 
factured in apertures up to/6’3, but other lens 
designers have since used it as a model and 
improved its performance. 

Zeiss replaced the single back element by a 
compound lens to make the now famous Tessar 
lenses with apertures up to /2-8. A further 
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modification of the back element gave the 
Ross Xpres. 

Many of the well-known lenses derived from 
the Cooke Triplet are complicated and expen- 
sive. In its simplest form it gives a maximum 
aperture of / 6-3 and will cover a plate with a 
diagonal equal to the focal length of the lens. 
To improve on this performance, the single 
elements have to be replaced by more or less 
complex assemblies of glasses which naturally 
add to the cost. 

See also: Lens history. 

COOPER, JOHN THOMAS, 1790-1854. 
English resident chemist of the Regent Street 
Polytechnic. Read a paper before the Royal 
Society of Arts on 19th May, 1839, which 
was the first account of the production of sensi- 
tized material on a large scale. The title of this 
paper of Cooper’s was The Preparation of 
Photogenic Paper. 


COPPER CHLORIDE. Cupric chloride. Used 
in bleachers, some toners, intensifiers and 
reducers. 

Formula and molecular weight: CuCl a .2H 2 0; 
171. 

Characteristics: Green hygroscopic crystals. 
Solubility : Highly soluble in water. 

COPPER SULPHATE. Blue vitriol; cupric 
sulphate. Used in bleachers, some toners, 
intensifiers and reducers. 

Formula and molecular weight: CuS0 4 . 
5H s O; 249-7. 

Characteristics: Blue crystals. 

Solubility: Freely soluble in water at room 
temperature. 

COPPER TONING. Method of toning bro- 
mide prints with copper ferricyanide which 
gives warm black to purplish-red tones accord- 
ing to the time of immersion in the toning bath. 


COPYING 


Copying is the process of making photo- 
graphic reproductions of graphic art, manu- 
script or printed matter — e.g., paintings, 
drawings, photographs, documents, postage 
stamps. 

In such cases the aim may be to produce a 
photographic print which can be used instead 
of the original, either because the original is too 
precious or fragile to be exposed to everyday 
handling, or because it is too large to handle or 
sometimes too small — e.g., postage stamps. But 
the commonest reason, of course, is that any 
number of prints or reproductions for distri- 
bution may be made from the negative. 

Photographic negatives may be copied for 
any of the above reasons, and also as a way of 
altering the tone scale, density or some other 
characteristic. 

Approach. The normal procedure requires that 
the copy should be evenly illuminated, and 
that the camera should be perfectly square to 
the copy (i.e., so that the plate or film plane is 
parallel to the copy). The correct exposure 
must be then determined, and af ter exposure the 
sensitized material must be processed to suit 
the contrast range of the original. The only 
other consideration that may be necessary is 
that of scale: it may be desired to reproduce 
the copy to a pre-determined size. 

Other special requirements exist when deal- 
ing with special subjects. For instance, in 
copying manuscripts and old documents, 
severe limitations may be imposed on the 
handling of the copy, making it impossible to 
adopt a normal procedure; in photographing 
oil paintings, it may be required to emphasize 
the texture of the oil paint. Such specialized 
subjects are separate techniques in their own 
right and are not considered here in this more 
fundamental account of copying procedure. 


Equipment. It is not always necessary to use a 
camera to reproduce documents or line draw- 
ings. These may be printed by contact: 
examples are blue-prints and dye-line, widely 
used in drawing offices. 

Reflex copying may be used for originals on 
thick paper, or documents printed on both 
sides. This is a variation of contact printing in 
which the sensitized paper is placed on top of 
the original, emulsion side down. On exposure 
the light passing through the sensitized paper is 
reflected back by the white ground of the docu- 
ment but not by the ink. This therefore yields a 
paper negative from which positive copies can 
be made by normal contact printing. 

Special equipment and materials for these 
processes are produced and widely used in 
industry and commerce. 

If the original has to be enlarged or reduced 
a camera must be used. Some copying machines, 
for example, incorporate a special camera and 
make copies up to 18 x 24 ins. from 36 x 48 
ins. originals, using bromide paper as negative 
material — usually processed in the machine. 

Other commercial copying systems are used 
to make copies of small size for filing and 
storage, some producing half -plate or whole- 
plate negatives on sheet film from drawings 
and large documents. Micro-copying outfits 
record smaller originals on 35 mm. film. 

From the technical point of view the basic 
requirements of camera copying apply equally 
to the photographer making occasional copies 
with improvised apparatus as to commercial 
systems. 

The essentials are that the subject must be 
perfectly flat, at right angles to the optical 
axis of the lens and parallel to the plane of the 
sensitive material. This condition is met con- 
veniently by a copying stand analogous to an 
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enlarger. The camera is mounted on either a 
vertical column or a pair of horizontal parallel 
guide rails in the same way as the head of an 
enlarger. 

Anyone who possesses an enlarger can con- 
vert it into a copying stand by simply removing 
the head and fixing the camera in its place. 
Some miniature camera systems are planned so 
that the camera or a focusing stage can be 
substituted for the enlarger head in this way: 
others have special stands. 

The camera must be equipped for close up 
focusing by means of long bellows extension, 
extension tubes, or supplementary lenses. 

For the best quality reproduction a plate 
camera of reasonably large negative size is 
normally used. An 8 x 10 ins. camera with 
adapters for smaller plates makes an excellent 
copying camera. For documents the copy can 
be made direct on to one of the document 
copying papers, which saves the cost of a plate. 
Negative materials for copying, too, are 
mainly produced in plate or sheet film form, so 
that a plate camera can best cope with all kinds 
of work. Ideally it should have a focusing back, 
since this is more convenient than front focus- 
ing when working close up. 

Miniature cameras are widely used for 
copying documents and small drawings on 35 
mm. micro-copying film. Rollfilm cameras are 
largely unsuitable since special negative 
materials are not available. However, ade- 
quate line and half-tone copying is often 
possible using the slowest films, processed for 
maximum contrast. 

Illumination. The illumination must be as 
uniform as possible over the whole of the area 
to be copied. 

The difficulty in achieving even illumination 
is due to the fact that the intensity of the light 
varies according to the law of inverse squares — 
i.e., at double the distance it is four times 
weaker, at three times the distance it is nine 
times weaker, and so on. However, in practice 
it is always necessary to establish the final 
details of the lighting set-up by experiment. 

If a single lamp is used it should shine as 
perpendicular as possible on the original. The 
greater its distance, the more even the illu- 
mination. This is however suitable only for 
dead matt negatives. 

The more usual practice is to use at least one 
lamp from each side. Substantially even illu- 
mination results from placing the lamps about 
one diagonal of the subject apart and at a 
distance from the subject of about three- 
quarters of a diagonal. This illumination is 
satisfactory for most subjects. 

More even illumination is given by four 
lamps arranged over the corners of the copy 
board. In this case the distance between the 
lamps and the board may be reduced to a half 
diagonal of the square containing the subject. 
This arrangement is the one generally used for 
copying coloured and continuous tone subjects. 
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COPYING SET-UP. Top: For even illumination the lamps should 
be at the same distance from the original, to each side of the 
camera, and make the same angle (about 45°) with the lens 
axis. Centre: The lamps should also be in the same plane as 
the lens axis. Bottom: A vertical stand takes up less space, 
but tends to be less rigid. In all cases the lens must point 
squarely at the original, with the plate or film parallel to the 
copying surface and the lens axis at right angles. 

It can of course be imitated by making expo- 
sures with a single lamp at each of the four 
comers in turn, or by making two exposures at 
each side with the two-lamp arrangement. 

In all lighting arrangements no direct reflec- 
tions from the surface should fall on the lens. 
With a focusing screen there is no difficulty 
in checking the image for the presence of un- 
wanted reflections. 

All lamps used for illuminating the copy 
board should be well diffused. A pearl or opal 
lamp in a satin finished, matt, or white reflector 
makes a satisfactory source. 

The most uniform lighting is given by 
tubular strip lighting — i.e., fluorescent lamps. 
Two such tubes, slightly larger than the long 
side of the copy and spaced a diagonal apart 
and at a distance rather less than a diagonal 
above the long sides of the subject, give a 
standard of illumination that can be considered 
unif orm for all practical purposes. 
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LAMP DISTANCES FOR COPYING. The distance from lamp . to 
original to be copied must be sufficient Co permit even illu- 
mination of the whole surf ace. This depends on the number of 
lamps used. Top: If one lamp only is available, the original 
should subtend an angle of not more than 30°. Centre: Two 
lamps should be placed as or abort as the diagonal of the 
original, and three-quarters of the diagonal away from the 
surface. Bottom: Four lamps can be nearer; and are best 
spaced half the diagonal from the copying surface. 

There are certain advantages in using day- 
light for illuminating the subject — e.g., it is 
uniform over the whole area. But its strength 
varies sometimes from moment to moment and 
it is difficult to make accurate daylight expo- 
sures based on test negatives. A convenient 
arrangement is to have the copy board illu- 
minated by direct daylight under a window, 
with a mirror placed at the other side to double 
the light by reflection. Or the copy board may 
be placed between two windows and illu- 
minated by mirrors at either side. 

Negatives and transparencies and other 
forms of transparent documents are best copied 
by transmitted light. This type of illumination 
is also useful for softening the contrast of a 
hard photographic print and it may be used 
alone or in combination with reflected light 
illumination to control the degree of softening. 
The most convenient method of lighting here is 
to set the transparency up in front of a sheet 


of white paper uniformly illuminated by any 
of the above arrangements. Small subjects 
like lantern slides can be satisfactorily illu- 
minated by mounting them to fill a cut-out 
aperture in a piece of card and moving a pearl 
lamp about behind it for the duration of the 
exposure. 

Lois. Any lens used for copying must have a 
flat field; the aperture is relatively unimportant. 
It is desirable to use a lens which has been 
computed for close subject distances (e.g., 
an enlarging lens); otherwise poor definition 
may result, especially with lenses of unsym- 
metrical design. One method that may be 
successful in overcoming such a fault is to 
reverse the lens in its mount. 

Special process lenses, usually apochro- 
matic and of moderate maximum aperture, are 
used professionally. But they are very expensive 
and by no means essential for the average 
copying job for which any good anastigmat 
lens is quite satisfactory. 

Sensitized Material. The average photographer 
makes copies on odd occasions and wants to 
see the results right away. So from this point 
of view alone, glass plates are the best form of 
sensitized material. Plates are also much easier 
to handle singly during processing. But by far 
the greatest advantage of plates lies in the 
variety available. 

One of the most important factors in making 
a good copy is the correct choice of plate. The 
table below gives a very general idea of the most 
suitable types of plate for the principal classes 
of subject, but considerable variation is 
possible according to the condition of the 
original and the type of print required — e.g., 

PLATE AND SUBJECT 


Tyfttof 

Original Sensitised Material Filter 


Black and white line Process; None 

drawings ; typed ordinary blue- 
or printed matter sensitive 

The same, on age- Orthochromatlc; Filter as near to 
darkened, yellow or panchromatic ground colour as 
tinted ground possible 

Black and white Ordinary blue* None 

E holographs and sensitive; 

alf-tone illustration orthochromatic 
The same on dls- Orthochromatic, For discoloured 


coloured or tinted 
ground or where 
image has been toned 

panchromatic 

or tinted ground, 
filter of same 
colour. For toned 
image, filter of 
colour comple- 
mentary to image 

Documents to be 

35 mm. micro- 

Palest yellow that 

micro-copied 

film 

will give sufficient 
contrast in the 
print 

Coloured originals 

Panchromatic 

Depends on col- 
ours of original; 
filters should be 
selected to give 
good contrast 
between colours 
of similar lumin- 
osity 
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the copy may be required to give a true repre- 
sentation of the faded and stained appearance 
of an old drawing, or it may have to show what 
the original looked like when it was new. 

The characteristics of the various sensitized 
materials may also be modified to suit the 
purpose by the use of filters as indicated. 
Exposure. Correct exposure is probably more 
important in copying than in most other 
branches of photography. At the same time, 
the fact that the subject is normally quite 
static gives the photographer a chance to 
experiment. 

The only certain way of arriving at the 
correct exposure for copying an unfamiliar 
type of original with a temporary lighting set- 
up is to expose a test negative on the same 
principle as a test strip is made in enlarging. 
The simplest arrangement is to advance the 
edge of a sheet of black card across the subject 
in successive steps. Another way of using a 
plate camera is to expose the plate in steps by 
progressively covering it with the sheath of the 
plate holder. 

The test negatives are developed and fixed, 
and the best exposure is found by examining 
the image in white light, or, better still, by 
making a print. Generally, the correct exposure 
will be given by the strip on which the white 
areas of the copy register as a density that will 
just print out pure white while the deepest 
tones give the maximum black that the paper 
can produce. The reproduction of the inter- 
mediate tones will depend on the characteristics 
of the plats — in a print from a process plate, 
for instance, there will be no intermediate 
tones between intense black and pure white; a 
slow, fine-grain panchromatic plate will repro- 
duce a whole range of intermediate greys if 
they are present in the original. 

Processing. The plate must be given exactly 
the same development as the test negative, 
preferably in the developer recommended by 
the plate manufacturer. The experienced pro- 
fessional will generally develop by inspection 
and be guided solely by the appearance of the 
image. Anyone unfamiliar with the exact 
behaviour of the particular plate under his 
conditions will get on better by following the 
manufacturer’s recommendations and develop- 
ing by time and temperature. 

Line subjects copied on process plates are 
cleared by a brief immersion in a ferrieyanide 
reducing bath. This after treatment leaves the 
lines on the negative transparent and free from 
any trace of fog which would prevent their 
reproducing as strong black lines on the print. 
Printing. Negatives of continuous tone sub- 
jects are printed on the most suitable grade of 
bromide or contact paper in much the same 
way as ordinary negatives. Line subjects may 
be printed on the hardest grade of bromide or 
contact paper, or a more intensely black and 
white image can be produced by printing on 
reflex document copying paper. This is very 


much slower than normal printing papers and 
is more suitable for contact printing than 
enlarging. Fine pencil drawings should not, 
however, be regarded as normal line subjects; 
excessive contrast can destroy the tone recorded 
by soft pencil lines or shading. 

Scale. The scale of reproduction of a copy is 
generally of interest — if not of importance — 
and should be recorded at the time of taking. 
One of the easiest ways is to mark a scale — 
e.g., of inches or centimetres — down the 
margin of the subject, or to lay a ruler along- 
side. This method enables the scale to be 
measured directly off any reproduction, either 
magnified or reduced, that might be made from 
the copy negative. 

The degree of reduction or magnification is 
determined by the ratio of camera extension to 
subject distance. That is, for half scale copying, 
the lens-to-plate distance is half the lens-to- 
subject distance ; for same size they are equal ; 
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CAMERA ALIGNMENT. Top: A baseboard marked with dia- 
gonals is a useful aid to centring the camera accurately above 
the original to be copied. Centre: Once the image is centred 
on the focusing screen of the camera, a plumb line will show 
whether the optical axis of the camera is at right angles to the 
baseboard. Bottom: Pencil test for even illumination. If both 
lights are equal in intensity and distance from the centre, the 
shadows on either side of the pencil will be equal in tone. If 
both lamps are at the same angle, the shadows will also be 
equal in length and position indicating good alignment. 
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and for 2x magnification the lens-to-plate 
distance is twice the lens-to-subject distance. 
The simple equation is: — 



where M = magnification 

v = lens-to-plate distance 
u = lens-to-subject distance. 
Reduction is the inverse of magnification. 
That is, a half scale reproduction in terms of 
magnification is l, or in terms of reduction 2 : — 



where R = reduction. 

To establish the lens-to-subject distance for 
setting up the camera the equations are : — 



or 

u = F(1 + R) 

where F = the focal length of the lens, or the 
combination of the camera lens and supple- 
mentary lens if used. 

In practice the scaling is finally adjusted by 
measuring the image on the focusing screen. 
This is because distances should be measured 
from the nodes of the lens, and these are not 
precisely known; and further the engraved 
focal length of a lens is a nominal value and not 
necessarily an exact one. F.P. 

See also : Antiques; Close-ups; Coins; Document photo- 
graphy; Duplicate negatives; Macrophotography; Manu- 
scripts and old documents; Microcopying; Models (scale); 
Paintings and drawings; Philately; Supplementary lenses. 

Books: All About Copying, by H. W. Grccnw d 
(London); Document Photography, by H. W. Greenwood 
(London). 


COPYRIGHT AND THE PHOTOGRAPHER 


The law of copyright is governed almost 
entirely by the Copyright Act of 1911. Copy- 
right itself is a form of property, and is defined 
by Section 1 Subsection 2 of that Act, as 
meaning “the sole right to produce or repro- 
duce the work, or any substantial part thereof 
in any material form whatsoever ... if the 
work is unpublished, to publish the work or 
any substantial part thereof.” This form of 
property has led to finely drawn distinctions, 
so that the lawyer’s standard book of refer- 
ence (Copinger and Skone James’s Law of 
Copyright , 8th edition) has 664 pages in which 
some 640 cases are referred to and considered. 
Existence of Copyright To be copyright, a 
photograph must amount to an “original 
artistic work.” This means that some art or 
craftsmanship must be devoted to taking the 
photograph: posing, selecting the light, judging 
the moment to take the scene or action, are in 
law sufficient for photographic copyright. In 
practice therefore intention and execution will 
make a photograph in law “an original artistic 
work” unless there was some general over- 
riding objection to granting copyright. For 
example, there would be no copyright for 
reasons of public policy in an indecent or 
obscene photograph. An indecent or obscene 
nude would probably be recognized as such 
without difficulty. The law has not defined 
these aspects. It would be easy to indulge in 
satire over some decisions but common sense 
will continue to arbitrate on them. 

Ownership of Copyright The copyright owner- 
ship is laid down in Section S, Subsection 1 
of the Copyright Act, 1911, which reads as 
follows: — 

“Subject to the provisions of this Act, the 
author of a work shall be the first owner of 
the copyright therein : 

“Provided that — 

(a) “where, in the case of an engraving, 


photograph, or portrait, the plate or other 
original was ordered by some other person and 
was made for valuable consideration in pur- 
suance of that order, then, in the absence of 
any agreement to the contrary, the person by 
whom such plate or other original was ordered 
shall be the first owner of the copyright; and 

(b) “where the author was in the employment 
of some other person under a contract of ser- 
vice or apprenticeship and the work was made 
in the course of his employment by that person, 
the person by whom the author was employed 
shall, in the absence of any agreement to the 
contrary, be the first owner of the copyright, 
where the work is an article or other contribu- 
tion to a newspaper, magazine, or similar perio- 
dical, there shall, in the absence of any agree- 
ment to the contrary, be deemed to be reserved 
to the author a right to restrain the publication 
of the work, otherwise than as part of a news- 
paper, magazine, or similar periodical.” 

Legal authority takes the view that a photo- 
graph is made when the negative is developed. 
The making does not date from taking the 
exposure. Photograph includes photolitho- 
graph and any work produced by any process 
analogous to photography. 

The Rights In Copyright. The owner of photo- 
graphic copyright enjoys the rights throughout 
Her Majesty’s Dominions to which the Copy- 
right Act 1911 extends, and will continue to 
enjoy them for a period of fifty years from the 
making of the negative, whether it is published 
or not. 

In the case of literary work, copyright lasts 
for the life of the author and fifty years after 
his death, and there are other qualifications. 
But for photography it is fifty years from the 
making of the negative. 

The owner of the copyright can prevent any- 
one infringing his rights and in addition claim 
damages where those rights have been infringed. 
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The remedies are, of course, by way of injunc- 
tion, damages and for an account. 

The owner can also sell his copyright out- 
right by assigning it for a fee. The only legal 
requirement is that such an assignment must 
be in writing. It need not be in any special 
form. Of course he could give it away, but to 
perfect the gift it would have to be in writing. 

Finally, the owner can sell part, i.e., he can 
grant a licence for a period or for a special 
purpose. The wording of the Act permits the 
copyright owner to assign copyright “wholly 
or partially.” When a copyright owner deals 
with his rights by assignment or licence, he 
himself may not reproduce what he has assigned 
because the assignee, on a valid assignment 
having been made, becomes the owner of the 
copyright of what has been assigned. 

Freedom to Take Photographs. The photo- 
grapher must not infringe another’s copyright, 
and some special dangers outside copyright 
are dealt with below. But apart from this, he has 
practically the world and the scene of life 
from which to create his original artistic work. 
Within rather obvious limits, he can photo- 
graph whatever, wherever and whenever he 
pleases. He can photograph the Boat Race, ora 
cricket match, take a snapshot of Charlie 
Chaplin or the Pope (a snapshot having been 
described by a learned legal authority as being 
one of the hazards of using the highway). 

Where there are restrictions, they are usually 
obvious. It would be clearly asking for trouble 
to take photographs of an atomic plant and a 
photographer in Russia would be circumspect. 
But these restrictions are so obvious that they 
do not need further comment. There are a 
number of other minor restrictions, e.g., not 
taking photographs in police courts, which 
are the subject of special laws or bye-laws, but 
these restrictions have nothing to do with 
copyright as such. 

Dangers of Infringement. The greatest danger, 
of course, lies where there is an intention to 
steal another’s work, and this article contains 
no suggestion of how that may be done with 
impunity. Copyright is a form of property 
protecting not ideas, but expression, and, as 
such, there is musical, literary, artistic, drama- 
tic, and other forms of expression entitled to 
copyright protection. 

Photography is a relatively narrow mode of 
expression and limited to its genre. Thus, a 
photograph of a building does not amount to a 
breach of the architect's copyright. To infringe 
the copyright in an architect’s building, one 
would have to build an infringing building. One 
could infringe plans by photographing them, 
but that would be an infringement of the plans. 

Artistic works, however — i.e., sculpture and 
artistic craftsmanship, and painting — are speci- 
ally provided for in the Copyright Act 1911, so 
far as photographers are concerned. (Sculpture 
includes casts and moulds. Artistic craftsman- 
ship is not defined.) 


A photographer may photograph sculpture 
or artistic craftsmanship if they are per- 
manently situate in public places, for example in 
streets, squares, and national museums. 
Possibly statues in a theatre where the public 
only go by licence after payment would not be 
a public place. 

Copies of Letters. Letters perhaps call for 
special comment, especially as photographers 
are more and more employed for making 
copies of letters f or business and for legal work. 

The writer of a letter is the author and owner 
of the copyright in the letter. By sending his 
letter to his addressee, he does not “publish” 
the letter in the sense in which publishing is 
used in copyright — unless of course it is a 
letter to a paper — and accordingly a curious 
legal position arises. The letter belongs to the 
recipient. He commits no offence by throwing 
it into the fire or selling it, but if he has it 
copied (and that includes photographing it) 
there is an infringement of copyright which of 
course, is “the sole right to produce or repro- 
duce the work.” 

It is possible therefore, that a person whose 
letters had been photographed and used in 
litigation could, on the face of things, claim 
breach of copyright by the photographer who 
had photographed the correspondence. 

There is a wide exception under the Copy- 
right Act 1911 itself for certain kinds of copy- 
ing. It is provided that “any fair dealing with 
any work for the purposes of private study, 
research, criticism, review or newspaper sum- 
mary” shall not constitute an infringement of 
copyright. 

Libellous Photographs. Happily libel is going 
out of fashion as a speculative and possibly 
remunerative form of litigation. Before the 
last war it was otherwise. Everyone can remem- 
ber striking cases. Thus an unmarried woman 
whose photograph appeared next door to the 
picture of a married man and had an unsuit- 
able caption underneath, claimed successfully 
that her chastity had had doubts cast upon it. 
Another (a model) claimed damages (and 
succeeded) because the photographed legs of 
another girl had been substituted for her own. 
She protested successfully that a girl of her 
position in life would not parade her legs like 
that and that her reputation had suffered. 

Some of these cases make intriguing reading 
to the outsider, but they may well have been 
painful and distressing to the plaintiff, and one 
must not forget that everygne is entitled to his 
or her reputation, a principle guarded jealously 
over some hundreds of years by our Common 
Law. 

Where models are concerned, a special 
danger lies. It would be unfortunate if an un- 
married woman (unless she had expressly con- 
sented) were posed for a maternity scene in 
the rflle of a mother, or if one used a photo- 
graph of a model who was known to be a 
teetotaller for an advertising campaign to 
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increase the sale of gin. Usually these dangers 
crop up unintentionally with no blame to 
anyone. The only safeguard is to insure against 
such a danger. The premiums are small, and 
well worth while, to any commercial photo- 
grapher. 

In one case known to the writer, an editor 
of a well-known publishing house, after insur- 
ing continuously for some fifteen years, dis- 
continued his insurance. In the following year a 
completely innocent libel was published and 
although the dispute was promptly settled the 
costs came to much more than the fifteen years’ 
premiums! 

So far as models are concerned, it is a fre- 
quent practice to have agreements to try to 
guard against these dangers. The model assigns 
the copyright, grants unrestricted use of the 
photograph, and agrees that any reproduction 
shall be deemed to represent an imaginary 
person, and that no imputations shall be 
deemed to be made because the photograph is 
being used for advertisements and so on. If the 
model is under legal age, the parent or guardian 
must also sign the agreement. 

Cinema Copyright. A film in the sense of a 
cinematograph film is, of course, a series of 
photographs projected so closely together as 
to give the illusion of movement. A film (in the 
same sense) may have several claims to copy- 
right — artistic, dramatic, musical or even 
literary. By Subsection (2) (d) of Section 1 of 
the Copyright Act 1911, copyright includes 
the right “in the case of a literary, dramatic, or 
musical work, to make any record, perforated 
roll, cinematograph film or other contrivance 
by means of which the work may be mechani- 
cally performed or delivered, and to authorize 
any such acts as aforesaid.” Disputes some- 
times arise as to the ownership of the various 
copyrights which go to make up a film and 
would arise far more often but for the fact that 
the agreements relating to the making of a film 
usually define with great precision who owns 
what. 

It is often supposed that to photograph a 
film or even a scene of a film is a breach of 
copyright, and it would be as well to state that 
this is not automatically so. What a photo- 
grapher must not do, is to pirate, i.e., in per- 
haps plainer words, “steal the fruits of another’s 
work.” The exception of “fair dealing” re- 
ferred to above might prevent photographs of 
a “shot” or of a scene, or of even a substantial 
part of a film, from amounting to an infringe- 
ment. One must tum again to the tests of 
quality and quantity and competition to find 
out if it amounts to piracy. 

Television Copyright. In principle one would 
have thought that the same considerations as 
arise in photographing a “shot” or scene of a 
cinema film would apply to television, but it is 
not certain that they would. It has not yet 
been decided what or whose rights would be 
infringed if, for example, the Grand National 


were being televised and a photographer on 
the staff of a newspaper made his plates while 
sitting comfortably in front of a viewer in his 
office instead of visiting the course to make an 
“original artistic work” in person on the spot. 
If this were to happen, he could certainly beat 
his rivals in getting his photograph published 
long before photographers on the course could 
get their photographs ready for the press. The 
other press photographers would have no 
remedy. Whether the B.B.C. or other television 
organizations would have a remedy is a 
problem which may one day be tested. 

At present the law has not been tested. No 
one has decided whether television is “work 
produced by any process analogous to photo- 
graphy.” If, on the other hand, a film were 
being televised, then, of course, the ordinary 
principles would have to be applied to test 
whether the film protected by copyright were 
being infringed. 

Extent of Copyright Protection. Protection 
extends far beyond the United Kingdom. The 
Beme Convention, the Berlin Convention, and 
the Rome Convention, are, of course, highly 
technical, and specialized treaties, and there 
are also reciprocal arrangements within the 
British Empire and with the self-governing 
Dominions. 

The large object of these conventions and 
agreements was to give citizens of the countries 
who signed the treaties the same rights in other 
countries as the natives of those other coun- 
tries themselves enjoyed. Thus, that a British 
subject be able to claim in France, or in any 
other country subscribing to such a treaty, 
national treatment to protect his copyright in 
France, or in that other subscribing country. 
Conversely, that if the owner of copyright in 
(say) France or some other subscribing country 
found his rights being infringed in England or a 
treaty country, that he should be able to claim 
protection for his copyright not only in France, 
but in the treaty countries as well. 

With the exception of the U.S.S.R. and 
U.S.A., which are not convention countries, 
almost all civilized countries have signed these 
treaties, and in general terms, the principles of 
the treaties have become part of the municipal 
law of the signatory countries. There are, of 
course, variations— e.g., the term of copyright 
in a photograph would not necessarily be fifty 
years from the making of the negative in every 
country. There might be a shorter or longer 
term of copyright in the country of origin. 
U.S.A. and U.S.S.R. Copyright in the U.S.S.R. 
is granted to works published there even by 
foreigners, although the copies may be appro- 
priated by a payment of compensation. 

In the United States, copyright, as in 
England, is based on statute law. The basic 
statute was passed in 1909, being a consolidat- 
ing and amending Act, repealing and tidying 
up the previous law and re-enacting it. Since 
then there have been further amending acts. 
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At present, copyright protection in the 
United States is given when an author is resi- 
dent in the United States at the time of publi- 
cation, even though he is not a citizen, and to a 
citizen of another country, even if he is not 
resident, provided his country has granted 
reciprocal privileges to United States citizens. 
The existence of such reciprocal rights is 
determined by Presidential Proclamation. 
Presidential Proclamations have been made in 
respect of Great Britain and her possessions. 

But having so qualified, there are other 
formalities. The work itself must bear a notice 
claiming copyright. If the notice is omitted, 
damages may not be claimed against an inno- 
cent infringer. The copyright must also be 
registered, i.e., deposited at the Copyright 
Office at Washington. If registration is omitted, 
damages may not be claimed against innocent 
infringers. 

There is also a “manufacturing” provision in 
the case of authors who are not citizens of the 
U.S.A. that, even if otherwise qualified by pro- 


clamation to qualify for protection, the work 
must be “printed from type set wi thin the 
limits of the United States, either by hand or by 
the aid of any kind of type-setting machine, ot 
from plates made within the limits of the United 
States, from type set therein or if the text be 
reproduced by lithographic process or photo- 
engraving process then by a process wholly per- 
formed within the limits of the United States 
and the printing of the texts and the binding of 
the said books must be performed within the 
limits of the United States”. This therefore 
applies to lithographs and photo-engravings. 

When the above formalities have been com- 
plied with, then the owner of the copyright has 
under U.S.A. law exclusive rights to print, to 
publish, sell, dramatize, translate and so on. 
The term of copyright in the United States is 
twenty-eight years with a further extension in 
certain specified cases. R.M.H.N. 

See also: Permits to photograph; Reproduction fees. 

Book: Photographers and the Law, by D. Charles 
(London). 


CORKS. Corks are unsatisfactory as stoppers 
for bottles of photographic solutions because 
they deteriorate under the action of many of 
the ordinary photographic chemicals. Dipping 
them in hot paraffin wax helps to prevent them 
from becoming soft and absorbent, but it is 
safer to use rubber, plastic or glass stoppers. 

See also: Stoppers. 

COROT, JEAN BAPTISTE CAMILLE, 
1796-1875. French painter. Executed many 
“clichds-verre” (invented by the brothers 
Cuvelier in 1852) with engravers’ burin on 
collodion glass plates; the prints were produced 
photographically by contact copying. 

CORRECTION FILTER. Term for any filter 
which alters colours to suit the colour response 
of the film in use. Strictly speaking, any colour 
filter can be regarded as a correction filter, 
although the term is more commonly applied 
to filters used in colour photography for 
adjusting colour temperature. Filters used in 
this way may be placed over the camera leDS 
or, for indoor work, over the light source. 

In professional filming, entire windows are 
sometimes covered with correction filters when 
daylight is being used with artificial light colour 
film; this is often more convenient than 
blacking-out the windows and using artificial 
light entirely. 

CORREX TANK. Original amateur developing 
tank for film. The film was attached to a 
celluloid apron and wound around a reel 
before immersion in the circular, light-tight 
developing tank. Raised bosses along the 


edges of the apron kept the apron and film out 
of contact and allowed the solution to circu- 
late. 

For most purposes the apron tank has now 
been replaced by the apronless spiral groove 
type, but for certain special work — e.g., colour 
processing — in which the wet film is removed 
from the spool and later returned to it, the 
apron tank is still preferred because it makes 
reloading much easier. 

CORROSIVE SUBLIMATE. Bleaching agent 
used in mercury intensification; another name 
for mercuric chloride. 

COSINE LAW. Optical law which formulates 
the variation of illumination given across the 
negative by a lens. 

When a perfect lens forms an image on a 
plane at right angles to its optical axis, the 
image is brightest opposite the centre of the 
lens. There the lens diameter subtends the 
greatest angle. At points nearer the edges of the 
field the lens aperture subtends a narrower 
angle, and the illuminating beam falls 
obliquely on the negative. The brightness of the 
image at such points is therefore less, and the 
farther away from the centre of the field the 
point is chosen, the fainter the illumination will 
be. 

According to the cosine law, the illumination 
varies as the fourth power of the cosine of the 
semi-angular field measured from the lens 
axis. (This angle is the angle between the lens 
axis and an imaginary line from the centre of 
the lens to the image point in question.) 

See also: Covering power. 
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COSTING 


The cost of prints is of interest principally to 
the professional who sells them; his livelihood 
depends on being able to sell his work at such a 
price that it will leave him a sufficient margin of 
profit over his actual expenses in producing it. 
From the amateur’s point of view, the cost of a 
print must be weighed against the satisfaction 
he gets out of making it, and that is a purely 
personal balance sheet. 

Anyone who hopes to run a commercial 
establishment at a profit without knowing 
exactly what he can afford to charge for his 
work, is heading for trouble. 

Before a commercial photographer knows 
how much to charge for a job to show a reason- 
able profit, he must know what it has cost him 
to produce in both direct and indirect expense — 
i.e., in wages and materials, and in overheads. 

The first essential is a card or sheet for each 
job. Different studios will have different ideas 
of how this card should be made up, but the 
following is a typical specimen. 

Job. No. 801 

JOB SHEET (FRONT) 

Client: Smith & Co., Regent Street, W.l. 

Client's Order No. A543 

Description of Work; 

Photograph of girl brush- 
ing hair at dressing table. 

Remarks: 

Summary: 

Studio costs: £ a. d. £ s. d. £ s. d. 

Wages and salary of 

proprietor ... I 2 0 

Materials 5 0 

I 7 0 


Add on rate it 71 per 




cent 

19 

2 




2 6 

2 



Add profit tt 

100 per 




cent 

1 7 

0 







3 13 


Outside work 

4 15 

0 



Add profit 

Ill 

8 





— 

6 6 

8 

Total 



9 19 

To 

Charge . 



10 10 

0 


JOB SHEET (BACK) 





STUDIO WORK 





Wages 




Dote 

Artist Hours Rate 


Amount 


£ e. d. 


£ s. 

d. 

May 12th, 1947 .. 

. Brown 2 4 0 


8 

0 

May 13th, 1947 .. 

. Brown 1 4 0 


4 

0 

May 13th, 1947 .. 

. Jones 2 36 


7 

0 

May 13th, 1947 . 

.. Jones, K. 1 3 0 


3 

0 




1 2 

0 


MATERIAL 




Description Amount 





£ a. d. £ i. d. 




4 plates ... 10 4 0 

6 sheets ... I 0 


5 0 


OUTSIDE WORK AND SPECIAL ITEMS 


Invoice No. Supplier Description Amount 

£ •. d. 

600 Black and Co. Hire of table I 13 6 

I Miss Smith Model fee 1116 

601 Furniture Co. Hire of props I 10 0 

4 15 0 


The client’s name and a brief description of 
the job are entered in the job sheet. Each job 
is numbered and the sheet is given the corres- 
ponding number. It follows the job through, 
and each individual concerned enters the time 
spent on taking the photograph, developing, 
retouching, negative printing, print finishing, 
etc. Details of the film, paper, flash bulbs, etc., 
used are also entered on it. Travelling time and 
waiting time, if any, and hotel and travelling 
expenses must be entered. If a car is used it may 
be charged up at so much a mile to include 
petrol, oil, depreciation, repairs, etc. 

The cost of any outside work, hire of proper- 
ties and model fees are included, in fact, all 
the expenses which can be definitely earmarked 
to the job. These expenses are what accountants 
term “direct expenses”. The proprietor’s opera- 
ting wage and the employees’ wages are broken 
down to an hourly rate in working out the cost 
of the labour on the job. The job sheet now 
shows all the direct expenses in connexion with 
the job. 

A percentage may be added to the cost of 
materials to allow for waste and a percentage to 
the labour costs to cover lost or idle time. 

To help in arriving at labour costs it may be 
preferred for each employee to keep a time 
sheet, a typical example of which is shown. 

TIME SHEET 

Name Week ended 

Day Description Job. No. Hours Rate £ s. d. 

Monday ... 

Tuesday ... 

Wednesday 

Thursday ... 

Friday 

Saturday ... 


A little more work will be involved in keeping 
and analysing time sheets, but they have the 
advantage that the job sheet need not follow 
the jobs round with the risk of getting mislaid or 
soiled. The information on these time sheets 
will be summarized weekly in the office and the 
result entered on a job sheet. 

AMaterialsUsed Sheet and an Expenses Sheet 
should also be completed for each job. Suitable 
printed sheets can be obtained from most 
stationers. 

Overheads. Such items as rent, lighting, office 
expenses, stationery, depreciation, etc., are 
generally known collectively as overheads. 
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The figure for these is found in the annual 
accounts. Here is a specimen profit and loss 
account of a commercial photographer. 

PROFIT AND LOSS ACCOUNT 
Commercial Photographer 


Sales 6,000 


Materials Consumed 


500 

Wages 


1,000 

Wages, proprietor (as photographer) ... 


500 

Outside work, including model fees, property 


hire, etc. 


200 

Travelling and hotel expenses, including 

car 


expenses 


250 



2.450 

Grots profit 


3,550 

Expenses (Overheads); 



Trade and office sundries 


80 

Printing and stationery 


100 

Post and carriage 


50 

Advertising 


100 

Office salaries ... 


200 

Rent and rates ... 


300 

Heating and lighting 


70 

Telephone 


50 

Insurance 


20 

Depreciation 


50 

Repairs and renewals 


50 

Accountancy 


25 

Bad debts ... 


25 

Proprietor’s salary (as administrator) 


300 


1,420 


Net profit ... 2,130 


This shows overheads, or on-costs, as they 
are frequently called, as £1,420. Now each job 
has got to bear its proper proportion of these 
overheads. The wages, including the proprie- 
tor's wages, or wages and materials, are gener- 
ally a guide to the relative size of the job, so the 
most common method is to apply the overheads 
in proportion to the wages and materials. It will 
be noted that the proprietor’s earnings fall under 
three headings : first as a photographer, then as 
an administrator and finally in the profits. 

From the specimen profit and loss accounts, 
it will be seen that the overhead expenses at 
£1,420 are equivalent to 71 per cent of the 
£2,000 paid out for wages and materials. So to 
absorb the overheads into the costs there must 
be included by way of overheads a figure equi- 
valent to 71 percent of the wages and materials 
of each job. 

Having got the amount of wages and mater- 
ials which gives the prime costs; having a note 
of the outside work and any special expenses, 
and having included overheads by adding in the 
amount equivalent to 71 per cent of the wages 
and materials, the total represents the total cost 
of the job, including overheads. 

Percentage of Profit. If a price has been 
quoted for the job, the difference between the 
price and the cost determines the profit (or loss), 
and the summary on the cost sheet is completed 
by inserting the amount to be charged and the 
profit which is accordingly made. 


If a price is yet to be given, then the price is 
arrived at by adding the profit to the costs. The 
figure should certainly not be less than 50 per 
cent for an ordinary mechanical job and may 
run up to several hundred per cent if much 
creative work has been put into it, as is fre- 
quently the case in some forms of advertise- 
ment illustration. 

The total cost and profit added together, 
make the price to be charged. 

In most studios the waste of material is not 
sufficiently important to worry about, but if it is 
considered necessary to deal with such items 
they can best be taken into account by way of a 
percentage on the wages and the materials. The 
percentages can only be estimated by the indi- 
vidual photographer in the light of his experi- 
ence. For example — admittedly a severe one 
—if an assistant can only be found employment 
for half the normal working hours the charge 
made for that part of a iob constituting bis 
services must be at double the rate he is actually 
paid. 

Financial Account. Finally to prove if the 
costing has been accurate, the aggregate of the 
cost figures must be reconciled with the corres- 
ponding figures in the financial accounts. This 
is achieved by summarizing the costs and the 
profits on all the jobs to give yearly totals. 

The totals of wages, materials, outside and 
special expenses, on-cost, profit and sales res- 
pectively can be compared with the correspond- 
ing items in the financial accounts. To obtain 
the comparison with the total of on-cost it will, 
of course, be necessary to total the overheads 
in the financial accounts that the percentage was 
intended to cover. Theoretically an exact match 
should result. In practice it seldom does. 

If the comparison throws up serious discrep- 
ancies it should be possible to find out the 
reason. If, for example, the total of the wages 
taken up in the jobs costs is less than the actual 
year'swages bill it could be accounted forbylost 
time. This could be confirmed by the analysis 
of the wages sheets. It should be possible to 
check through if there is any discrepancy on 
outside work and special expenses. A discrep- 
ancy in the on-cost would probably be explained 
by the percentage worked on being too low or 
too high. It would, therefore, call for revision 
in the future. This running summary of job 
results also shows the profits to any given 
moment. 

Simplified Method. There is a simplified 
method by which the small commercial studio, 
particularly the one-man business, can charge 
out its work or check its price list. 

It is necessary first of all to arrive at the total 
cost of running the studio. This cost will 
include the salary that the photographer has 
fixed for himself, the wages of any assistants, 
all overheads such as rent, lighting, heating, 
telephone, advertising, printing and stationery 
and trade and office expenses (but eliminating 
materials and special expenses such as model 
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fees, hotel and travelling expenses). These 
figures can, of course, be ascertained from the 
annual accounts. Allowing for a weekly half- 
day, Sundays, Bank Holidays and a fortnight’s 
vacation, there are 271 working days. On the 
basis of an eight-hour day this gives 2,168 work- 
ing hours in a year. This should be reduced by 
at least a third to allow for unproductive time, 
such as office work, which gives 1,445 or, say 
1,400 productive hours. The total studio costs 
divided by 1 ,400 will give cost per productive 
hour. The number of hours spent on the job, 
multiplied by this hourly rate, plus the cost of 
material used, and any special expenses will 
give the cost of the job. Only the proprietor’s 


cov 

hours should be taken into consideration. The 
time of the assistant should be ignored. 

The rate of profit will be governed by circum- 
stances (such circumstances have already been 
discussed earlier). When the profit has been 
added the resulting total will be the calculated 
charge for the job, which will enable the photo- 
grapher to fix his price. 

(Reprinted from the handbook of the Insti- 
tute of British Photographers by permission 
of t(|e Council.) 

See also: Prices of commercial photographs; Repro- 
duction fees; Selling photographs . 

Book: The Business of Photography , by C. Abe 
(London). 


COUPLED RANGEFINDER FOCUSING. 
Name for the system of camera lens focusing 
that is coupled mechanically to a built-in 
rangefinder. As the rangefinder is adjusted to 
the subject, the lens is automatically focused 
on it. 

COVERING POWER. The covering power of 
a lens refers to the maximum area of the focal 
plane over which the lens is capable of giving 
an evenly illuminated image of an accept- 
able standard of definition. 

The limits of the area usefully covered are 
reached when either the definition or the 
illumination fall below the required standard. 
It also depends on the angle of view of the lens. 
Definition. Aberrations tend to increase away 
from the axis of the lens so that, from one cause 
or another, the definition of the image falls off 
suddenly beyond a certain distance from the 
optical axis. For the same lens, the falling off 
occurs earlier at wide apertures — i.e., the 
covering power is greatest when the lens is 
stopped down. 



COVERING POWER. Relative image brightness ( taking 100 per 
cent as the brightness in the centre of the negotive) is here 
plotted against the distance in degrees from the centre of the 
field. The top dotted curve corresponds to the theoretical cos*0 
relationship, the other curves show actual falling off in bright- 
ness at a small , a medium, and full aperture respectively. 


niumination. When a uniformly bright object 
plane is focused by the lens on the plane of the 
negative in a camera, the illumination of the 
negative is no longer uniform but falls off 
steadily f rom centre to edge. 

Four effects contribute to this reduction in 
illumination. The first three operate whatever 
the lens type and whatever the relative aperture 
and together reduce the illumination by a factor 
cos 4 0, where 0 is the semi-angle of view. The 
fourth effect is known as vignetting, and 
depends on the type of lens construction, 
generally decreasing to zero as the lens is 
stopped down. 

(1) Marginal areas of the uniformly hright 
object are farther from the lens than the central 
area, and the lens receives less light from them 
in accordance with the inverse square law; the 
corresponding areas in the negative are there- 
fore less brightly illuminated. The reduction in 
illumination is proportional to cos*0. 

(2) For two object areas of the same size, 
one on the axis and one near the margin, the 
latter is inclined at an angle 6 to the line 
joining it to the centre of the lens. In other 
words, a given cone of rays is spread over a 
bigger area than the central cone at right angles 
to the subject plane. The light reflected in the 
direction of the lens from such a marginal area 
is reduced by a factor cos 0 compared with the 
light reflected towards the lens from an area 
on the lens axis (Lambert’s law). 

(3) The effective aperture of the lens is re- 
duced when viewed obliquely, appearing as an 
ellipse. A marginal area of the negative there- 
fore receives less light than a central area. 
Again, the effective aperture and the corres- 
ponding illumination is reduced by a factor 
cos 0. 

(4) With complicated lens types an oblique 
beam of light may be partly cut off by the 
mount. This may be caused by some obstruct- 
ing metalwork, but more frequently it is due 
to the fact that lens elements some distance 
from the iris diaphragm are too small in 
diameter. The effect is known as vignetting, 
and causes a reduction in marginal illumina- 
tion. This reduction in effective aperture is 
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VIGNETTING. A deep lens mount may cut off marginal rays of 
light, thus reducing the image brightness near the corners of the 
negative. This effect occurs in addition to the falling off in 
illumination at the edge of the field due to the obliqueness of 
the rays reaching the negative. A shallower mount and large 
front lens element improve both shortcomings. 

additional to the obliquity factor (3) above. 
Vignetting should not be serious with lenses 
covering moderate angles, but is often appre- 
ciable in wide-angle lenses. It decreases as the 
lens is stopped down. 

Apart from vignetting, the reduction in 
marginal illumination due to what may be 
called photometric causes — the cos‘0 relation — 
becomes serious only for wide-angle lenses. For 
lenses covering a moderate angle of 50° 
(6 = 25°) the value of cos‘0 is 0-68. the corres- 
ponding reduction in illumination being 32 
per cent. 

A reduction of about 20 per cent in the 
illumination of the margins of the image plane 
is not appreciable, so that the defect goes un- 
noticed in normal and narrow-angle lenses. 

The effect is much more serious in wide-angle 
lenses, but as vignetting becomes less as the 
lens is stopped down it may not be usually 
obvious in lenses that work at a small aperture. 

In extreme wide-angle lenses, however, the 
effect is so marked that it is necessary to reduce 
the central illumination with an opaque dia- 
phragm. This is sometimes made in the form 
of a metal star that can be rotated during 
exposure by blowing on it. 

Angle of View. The closer the plate is brought 
to the lens — i.e., the greater the distance of the 
object focused — the greater the angle subtended 
by the diagonal of the plate at the lens. This 
means that the maximum covering power is 
required when the lens is focused on infinity. 
As the lens is moved away from the plate to 
focus objects closer than infinity, the angle of 
view becomes smaller and the covering power 
required is correspondingly less. 

In the same way, a long-focus lens can do 
with a relatively lower covering power than a 
normal lens for a given negative size, while a 
wide-angle lens needs a relatively greater 
covering power. 

For most practical purposes, a lens should 
cover a negative of diagonal equal to its own 
focal length. Where the camera is equipped with 
movements, it must have a lens of greater 
covering power than this or the use of any of 
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the movements will take part of the plate out- 
side the limits of the field. The general practice 
is to use a lens of slightly longer focal length 
than the one normally specified for the negative 
size — i.e., for a quarter plate camera fitted with 
movements, a lens would be used which would 
comfortably cover a 4 x 5 ins. plate. K.J.H. 

CRACKED NEGATIVES. A cracked plate 
negative is not necessarily ruined. It is possible 
to transfer the emulsion to another support as 
long as the emulsion itself is not split. 

An alternative idea is to mount a clean cover 
glass on the back of the plate with Canada 
balsam, again provided that the emulsion is not 
split. 

See also: Stripping. 

CREDIT. Caption acknowledging the origin 
of a photograph reproduced in a publication. 
Photographs may be credited to the photo- 
grapher and/or the agency who distributes 
them and/or some third party who may have 
acquired all the rights in them. It used to be a 
fairly common practice for publishers to use 
photographs without crediting their origin but 
this habit is steadily disappearing. Only news- 
papers are an exception; they do not normally 
credit much of their contents. 

Agencies specializing in news photographs 
claim as a rule exclusive credit; whilst agencies 
dealing with general or pictorial subjects mostly 
ask for photographs to be credited jointly to 
the photographer and themselves. If their 
names have a readily recognizable commercial 
character there is no reason to object to this 
practice, but if they trade under some personal 
name there are obvious disadvantages to the 
photographer. 

Advertising agents and their clients, who 
have commissioned photographs and so 
acquired some rights in them, usually try to 
obtain a credit whenever the photographer has 
an additional chance of publishing the prints 
in question. This tendency is human but 
regrettable. Publishers who are experienced 
enough to recognize these demands as requests 
for unpaid advertising generally offer to provide 
either a credit or a reproduction fee, but not 
both. 

The photographer cannot expect to receive a 
credit unless he takes the trouble to see that 
his name is either on or at least clearly 
associated with the photograph. The best 
method of ensuring this is to use a rubber stamp 
on the back of the print. Its text should 
preferably be confined to the photographer’s 
name, address and telephone number. Some 
photographers go to great pains to include 
elaborate references to their rights and condi- 
tions of reproduction, but such admonitions 
are unnecessary and serve only to emphasize 
the photographer’s lack of experience in 
dealing with both editors and publishers. 
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CRIME PHOTOGRAPHY 


Photography is used by the police to provide 
evidence and supplement written reports on a 
very extensive scale. Much of this work is of a 
routine character and not connected with the 
actual investigation of crime. The equipment 
and techniques employed in this branch are 
those of normal photography. Most of such 
photography is done “in the field”. 

Apart from such general work, however, 
there is the highly specialized field of photo- 
graphy applied to crime detection. Much of 
this is carried on in the laboratory with special 
equipment and techniques. By the use of such 
technical aids as infra-red and ultra-violet 
lighting, and radiography, in conjunction with 
suitable filters and sensitized materials, criminal 
evidence that would otherwise remain hidden 
can often be brought to light. 

The work of the laboratory carries on from 
where the outdoor photographer leaves off, so 
there is inevitably a certain amount of over- 
lapping in the work of the two departments. 

In presenting photographs as evidence, the 
pictures must not be retouched — or even 
spotted — in any way. 

Equipment. For ordinary police work the 
official photographer uses a 41 x 6J ins. 
camera, with an 8 ins. lens and a wide-angle 
lens of about 4J ins. in reserve. He probably 
carries a comprehensive range of filters for 
both general and specialized effects. 

For lighting subjects in and out of doors he 
will have a supply of enclosed flash bulbs with, 
possibly, several high intensity Photoflood 
bulbs, reflectors and flexible leads and plugs. 
The special circumstances of this type of 
photography may call for fast, medium or 
slow orthochromatic or panchromatic films or 
plates. 

In the police laboratory, the photographic 
equipment normally includes a long extension 
camera which can be fitted with short focus 
camera lenses to make low power photo- 
micrographs up to about ten diameters. For 
greater magnification than this, the photo- 
grapher may use any of the normal equipment 
for photomicrography. Finally, in addition to 
the usual lighting equipment — Photofloods, 
flash bulbs, and normal electric lighting units — 
there are special lamps for generating infra-red 
and ultra-violet light. 

The infra-red light sources are used for such 
work as the examination of heavily dyed textile 
fibres, of sections of biological material where 
the natural pigment is reddish or brownish in 
colour, and for showing up the presence of 
carbon on sections taken from the lung in 
cases of suffocation by smoke. Various inks, 
sealing waxes, seals, markings of stamps, etc., 
often yield positive evidence by the use of 
infra-red photomicrography. Ultra-violet 
lighting is extensively used for revealing for- 
geries and fakes. Many inks and pigments 


which are apparently identical by ordinary 
lighting fluoresce differently under ultra-violet 
lighting, and the difference can be photo- 
graphed. 

There is rarely any provision for making 
X-rays in the photographic department: when 
X-rays are required the work is done by 
independent specialist firms. 

Routine Work. The ordinary police photo- 
graphic department staffed by policemen 
photographers is concerned almost entirely 
with straightforward pictures of scenes of 
crime and personal identification. This makes 
up the overwhelming majority of photographic 
jobs in crime photography. 

The Scene of the Crime. A typical outdoor job 
for the police photographer might be to take a 
number of exterior scenes of a house showing 
the point of entry of a criminal, of a field, 
wood or lane connected with a murder or sex 
offence, or a road showing the scene of an 
accident. Photographs are wanted here to 
show how the particular spot was approached, 
its visibility from the highway and its con- 
nexion with other points of evidence. 

If the crime has been committed in a building 
it is usual to take several general views from 
different angles, using a wide angle lens in 
conjunction with Photoflood or flash bulbs, or 
using daylight, with or without artificial light 
of some sort, as illumination. Special attention 
is paid to recording the position of various 
objects with relation to the body (if there is 
one), the point of entry or exit of any intruder, 
etc. Care has to be taken when using the wide 
angle lens to avoid distortion caused by having 
the back of the camera out of vertical. 

Close-ups of important details are generally 
desirable. For these and the more general 
shots the proprietary self-contained lighting 
units are very valuable. They not only ensure 
adequate and correct illumination, but also 
allow the operator the opportunity, which 
he does not get with flash, of examining the 
picture before exposure. This allows him to 
avoid “flares” and reflections from mirrors, 
polished fittings, glass, etc., in the final picture. 
Backed plates are normally preferable for 
interior work since they yield brighter and 
clearer negatives. 

The use of available daylight brings in a 
number of minor complications, since its 
uncertain and fluctuating intensity and the 
often unsuitable position of windows make 
calculations of exposure rather rough and 
ready and may render it difficult to take an 
exposure in the direction required. These 
difficulties are overcome by obscuring windows 
with curtains and using artificial illumination 
only. On occasions this may be supplied by 
flash bulbs or powder. 

In the latter case the lens is focused on an 
ordinary hand torch directed towards the 
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camera from each side of the subject in tum. 
This also helps to define the limits of the 
picture. 

Hans Gross, the authority on criminal 
investigation, lays down as an inviolable rule 
that one must “ never alter the position of, or 
pick up, or even touch any object before it has 
been minutely described in the report." The 
value of the camera to make a record of the 
position of objects in relation to each other 
and to reproduce a likeness of an object, as it 
was when first found, thus becomes very 
obvious indeed. 

Generally, the photographs considered essen- 
tial are those showing the scene itself, any 
points of exit and entry, all points where 
traces of the crime are found or where they 
might have been expected but where, in fact, 
there are none, and the scene from spots 
where witnesses have seen, or could have 
seen, anything. A number of these points are 
often not apparent in the early stages of the 
investigation so that it is generally considered 
better to take too many rather than too few 
photographs. Views are, therefore, taken from 
several sides and angles, and reference points 
from which the photographs were taken are 
marked on a diagram of the scene. The dia- 
gram is also marked with measurements 
showing the space-relationship of various 
objects. 

The photographs, beside being an impartial 
record of things present in their state when 
photographed, will also indicate things which 
should normally be there but are in fact absent. 
Sometimes such missing elements may lead to 
important deductions being made as to how, 
or by whom, the crime was committed. 

Road Accidents. In road accident cases, photo- 
graphs are taken along the lines of approach 
of the two vehicles at the eye height of the 
sitting drivers in order to demonstrate their 
field of vision before the accident. Photo- 
graphs are also taken of the actual scene and 
of any marks on the cars which may have 
special significance. There may be skid marks 
on the road, or, in the case of hit-and-run 
incidents, tyie impressions on the victim’s 
person. How these are photographed will 
depend upon the nature of the surface and the 
type of impression. A Polaroid screen may be 
used over the lens to reduce reflection from 
the road. Or again, the photographer may 
actually make use of the glare caused by 
oblique daylight to obtain better contrast, 
taking vertical photographs of the surface with 
the camera stopped down to less than / 11, 
and a process film to give extreme contrast. 
If it is visible, the whole tyre impression is 
recorded in the hope that, besides identifying 
the make of tyre, the particular tyre in question 
may show a characteristic marking or fault 
such as a peculiar cut, mark, etc. 

Identification- Photographs for identification 
are taken in a studio with light-coloured walls. 


Profile and full face photos of one-eighth scale, 
and full length photos of l/27th scale are taken 
on the fastest type of plate or film, with the 
lens at about the level of the sitter’s face or 
chest height for the full length photograph. 
The focal length of the lens used is at least 
equal to the diameter of the picture in order 
to produce satisfactory perspective free from 
distortion of the features. 

When recording diseased skin, bruises or 
injuries, use may be made of suitable filters 
and plates to obtain either faithful or deli- 
berately exaggerated reproduction. By using 
an orthochromatic plate and no filter under 
artificial lighting, for instance, it is possible to 
show the extent of bruises not readily visible 
to the eye. They can be made even plainer by 
the use of colour-insensitive plates. 

“Candid” motion pictures are a valuable 
means of identification. Pictures taken of a 
man “off his guard” often reveal characteristic 
movements of hands, feet or head which can 
identify him as surely as a physical peculiarity. 
X-ray photographs of teeth and other portions 
of the anatomy, preserved in practitioners’ 
records, have, on occasions, been produced for 
positive identification of living people and even 
more particularly for identifying cadavTes. 
Identification after Death. It is possible to 
identify corpses even in such a state of advanced 
decomposition that the features are unrecog- 
nizable. For this the police need a photograph 
of the person when alive, for preference one 
of the full face. A life-size negative of the skull 
of the copse is taken from the same angle as 
the existing photograph, and printed as a 
transparency. The existing photograph is then 
enlarged to life size and placed under the 
transparency and in register with it. The 
extent to which the eyes, ears and nose in the 
“living” photograph correspond to the sockets, 
the bony aperture and the nasal bones, respec- 
tively, in the transparency of the skull is noted. 
These observations will go a long way towards 
establishing whether the two photographs 
belong to one and the same person. If “living” 
photographs of the head in three different 
positions are available, the certainty of identi- 
fication can be almost guaranteed. 

Dusts. High power photomicrography of 
occupational dusts — i.e., fragments of material 
found in a place where a man works — has often 
proved of importance in identification, or in 
connecting suspects with a crime. 

Coal particles can be embedded in the skin 
of miners and remain for a number of years; 
certain classes of quarrymen are found to have 
tiny particles of silica in their breathing tracts 
and lungs. The presence of shellac in the 
system has been used to identify the body of a 
french polisher. Similarly, metal particles are 
associated with engineers, cereal and malt 
debris with brewery workers, and flour and 
starches with adhesive makers, bakers, millers, 
etc. There are many similar associations. 
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Finger Prints. The pattern of the ridges on the 
finger tips is an unchanging characteristic of 
the individual. These ridges contain sweat 
glands, and pressure of the finger tip on a 
surface leaves an extremely fine film of grease 
in the characteristic pattern of the ridges. 
When the finger prints are dusted with an 
appropriate powder, the powder clings to the 
greasy parts and can be blown away from the 
rest of the area, leaving a finger print impression 
that is visible and can be photographed. 

Suitably coloured dusting powders are used 
to contrast with the colour of the surfaces 
bearing the finger prints. Black powder is 
used for a white ground, white powder for a 
black ground. On coloured grounds, a coloured 
powder is used in conjunction with the plates 
and colour filters that give the best contrast. 
On multi-coloured backgrounds the photo- 
grapher uses a powder Which fluoresces in 
ultra-violet light to give a photograph in which 
the glowing finger prints are shown against a 
dull background. 

The photographer’s ingenuity is demon- 
strated at its best when finger prints occur in 
different places, for example, on both sides of 
a piece of glass. In this case the prints on one 
side are dusted with a light powder and photo- 
graphed against a dark background, after 
which the prints on the reverse side are dusted 
with a black powder and photographed against 
a white background. 

Prints in an inaccessible position may often 
be photographed by employing a mirror. In 
this case unbacked film loaded the wrong way 
round in the holder is used to counteract the 
reversal of the image by the mirror. 

The police record finger prints by pressing 
the fingers first on to an inked pad and then 
on to a sheet of white paper, so that the ridges 
show as black lines on a white background — 
the reverse of the picture produced when white 
powdered or light-coloured powdered finger 
prints are photographed against a dark back- 
ground. For this reason the tones of the photo- 
graph must be reversed, but it must not be 
reversed laterally — i.e., from left to right. To 
do this a lateral reverse negative is prepared by 
taking a photograph on an unbacked plate or 
film, loaded back to front in the camera. From 
this an intermediate positive transparency is 
prepared. The positive is then printed in the 
usual way to obtain prints for comparison with 
the actual police records, the effect being that 
of a finger print made with black ink on white 
paper. For finger prints consisting of dark 
coloured powder on a light background, a 
direct photographic method without reversal 
gives the required print for comparison. 

There is a simpler method of correctly 
recording light powder finger prints on a dark 
ground. If the plate holder is loaded with 
bromide paper and the finger prints are 
photographed through a prism or optical 
mirror set up in front of the lens to correct the 
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lateral reversal, developing and fixing in the 
usual way gives the desired print. But by this 
method only one print can be made for each 
exposure in the camera and any duplicate 
records must be made by repeating the whole 
process. 

Another method preferred by a number of 
police departments for photographing light 
powder impressions is to expose on a thin fast 
film, and then develop, bleach, expose to white 
light, and redevelop. This gives a positive 
which can be printed in the normal way to 
give a black on white image with no lateral 
reversal. 

For comparing finger print photographs, 
enlargements of about 6 diameters are used. 

The skin on the finger tips of corpses is often 
hard and shrivelled, making straightforward 
finger printing impossible. In such cases, the 
skin is stripped from the fingers, well massaged 
with a barium paste, mounted between glass 
plates and photographed with rear illumination 
and the lens stopped down to at least / 45. 
Foot Prints. Police photography also includes 
an appreciable amount of foot print recording 
either in the form of dust prints on linoleum, 
etc., or impressions in earth, clay, or snow. 
Examination of car tyre marks also comes into 
this category. 

Technically the photography is fairly 
straightforward. Oblique illumination is often 
used where practicable to show up impressions 
in relief. 

Debris on the Person. Photomicrography at 
magnifications of the order of 200x to750x is 
employed for the examination of fibres from 
clothing and other textiles, paper, hairs, dust 
and debris, which may be found in the tum-ups 
of trousers, in pockets, under the finger nails, 
and in the aural or nasal cavities. 

In many instances the debris under the nails 
or in the tum-ups of the trousers has been 
obviously connected with the scene of a crime — 
e.g., fragments of pine needles have been found 
in the clothing of the murderer when the crime 
took place in a wood, and alum and wood 
fragments have been photographed on the 
clothing of a thief who had ripped open the 
fireproof lining of a safe. 

Debris in Lungs. The lungs of a corpse often 
reveal significant traces of foreign matter that 
help in establishing the cause and time of 
death, and even of identity (when they contain 
characteristic occupational dusts). Thus in the 
examination of the lungs of a man who had 
died in a fire, sections of the lung tissue stained 
red with saf ranin and photographed through a 
red filter on panchromatic film clearly showed 
carbon deposits in the tissue. These deposits 
indicated that the man had inhaled smoke 
from the fire and therefore was alive before 
the fire had started. 

The debris in the water of ponds, ditches, 
and streams is often characteristic, and, in the 
case of drowning, the water in the lungs should 
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contain debris of a similar nature to that in the 
water in which it is presumed death occurred. 
Totally different debris present could indicate 
that the body had been taken away from the 
site of death, and put into the water in another 
place to divert suspicion and enquiries from 
the proper quarter. Debris present in the 
lungs, therefore, allows the real site of death 
to be sought and identified with accuracy. 
Stains on Clothing. Bloodstains are such a 
vital form of evidence that many complex 
techniques have been developed to detect them 
on all types of surface and material. Photo- 
graphy in one form or another enters into all 
these methods of detection since a photograph 
is more convincing than a mere statement. But 
in many instances the evidence could not be 
revealed without the photographic process. 

For instance, a coloured fabric may be more 
transparent to infra-red rays than a bloodstain 
of the same colour. Or the stain may have 
been caught in such a state that it is relatively 
opaque to the rays. In these circumstances the 
presence of otherwise invisible stains, their 
shape, and location, can be reproduced by 
infra-red photographic technique. 

Blood, seminal stains, starches and occupa- 
tional dusts of various types are also revealed 
by photomicrography which shows up the 
characteristic structure and colour of the 
material; and by ultra-violet radiation which 
characterizes certain substances by their 
fluorescence. Alternatively, infra-red illumina- 
tion may be used, in particular to reveal internal 
structural detail normally masked by a skin or 
covering that is relatively opaque to visible 
light. 

Poisons. In poisoning cases, particularly in 
tropical countries, the presence of certain 
vegetable poisons may sometimes be esta- 
blished by the presence of characteristic frag- 
ments of berries, leaves, stems or roots. Photo- 
micrographs of such fragments assist the 
prosecution in explaining to the judge and jury 
reasons for identifying the material as the 
vegetable poison used. Various dried and 
ground insects, powdered glass, and finely 
chopped hair are other fairly common native 
poisons whose presence can be clearly shown 
in photomicrographs. 

Firearms and Ammunition. Guns and bullets 
can usually be identified by the striations left 
on the bullets by the rifling of the weapon, 
the indentation left by the firing pin in the 
soft metal of the firing cap, the impression 
made on the base of the cartridge by being 
forced into contact with the gun breach by the 
pressure of the explosion, and the marks of 
the extractor and the ejector on the cartridges. 
Evidence of this type is photographed generally 
at magnifications of about 3x to 6x on slow 
or medium speed emulsions giving good or 
high contrast. The lighting is arranged to shine 
almost parallel to the surface so that it throws 
the indentation, scratches, etc., into bold 


relief. (This method is also used for examining 
markings on metal objects like coins, in forgep' 
cases, and door locks, window hasps, etc., in 
“breaking and entering” cases). 

Textiles may be examined for stains and 
powder marks from bullets, etc., under infra- 
red light. The opaque carbon from the explo- 
sive blown from the muzzle of the firearm is 
deposited around the point of impact of the 
bullet according to certain well-known laws. 

For instance, if these marks can be seen, as 
on a white fabric, it is possible to calculate the 
distance, etc., of the muzzle from the fabric at 
the time of firing. With coloured fabrics, the 
location of this carbon deposit is not so easy to 
see, but when photographed by infra-red light 
the conformation of the carbon deposit can be 
clearly demonstrated, even on dark coloured 
textiles. Where the bullet enters the body it 
generally leaves a ring of metal which can be 
seen in an X-ray photograph where the metal, 
being relatively opaque to the X-rays, shows 
up as a distinct image. 

Documents. Documents on which the writing 
has been obliterated by dirt or by the passage 
of time are regularly photographed by infra-red 
illumination to reveal the original writing. This 
is possible because infra-red light generally 
shows a higher penetrating power than visual 
light, and although it is invisible, infra-red light 
affects the emulsion of the special plates and 
produces a visible photographic image. Some- 
times even charred documents can be made 
legible by this method provided the charring 
hasn’t gone too far. 

The same technique has also revealed altera- 
tions in passports, additions in diff erent ink or 
with different pencil to documents, and it has 
often been successf ul in reproducing indecipher- 
able drawings and sketches which have been 
obliterated by rubbing or other mechanical 
friction. 

Since some inks are more opaque than others 
to infra-red rays, it has been possible to repro- 
duce the hidden text in certain passages of old 
manuscripts which have been obliterated — 
e.g. by the censor of the Spanish Inquisition. 
More recently the method has been used to 
reveal the original document when dirt, inks, 
etc., have been deliberately applied in an 
endeavour to hide the underlying text. 
Writing. Questions of the authorship of hand- 
writing are tackled by comparing low power 
photomicrographs of specimens. Negatives of 
individual letters enlarged from five to ten 
times can be superimposed to show similarities. 
The same type of test is used to establish type- 
written text as the work of one particular 
machine. No two typewriters give identical 
impressions; there are always slight differences 
in the lining up of the type bars or even micro- 
scopic differences in the shape of the letters. 
All these points can be demonstrated with 
photographically enlarged reproductions. 
Photography by oblique light can also reveal the 
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impression left on a pad after the top sheet 
with the writing on it has been tom off. 

Colour Photography. Most laboratories are 
making increasing use of colour photography 
and photomicrography to make the point of 
their pictures clearer. In the U.S.A. a portable 


back-projector is sometimes taken into court 
to show colour transparencies on it. J.A.R. 

See also: Evidence by photographs; Forgeries; Identity 
photographs; Police photography. 

Books: Photography in Crime Detection, by J. A. Radley 
(Loadon); Photographic Evidence , by C. C. Scott (Kansas 
City). 


CRITICAL ANGLE. When a ray travels from 
a denser to a rarer medium it is refracted away 
from the normal: the angle of incidence at 
which the emergent ray just grazes the surface 
is the critical angle. For all greater angles of 
incidence the light is totally reflected. 

See also: Refractive index. 

CRITICISM OF PHOTOGRAPHS. Fre- 
quently photographs are submitted for appre- 
ciation, criticism and discussion at club 
gatherings, in postal portfolios and to the 
editors of amateur magazines. 

Inevitably the opinions thus evoked may 
reveal more about the person voicing them 
than about the work they are supposed to 
evaluate. In fact, art criticism at its best is a 
literary form in its own right designed to inform 
or entertain the public or just show off the 
brilliance of the critic rather than to help the 
artist to do his job better next time. 

Critics. Yet amateurs seeking criticism do so 
mostly in the hope of benefiting from the 
encouragement and advice they may receive. 
Anxious to be helpful, the expert is easily 
tempted to put forward emphatic views by 
making the most of any little point he happens 
to notice or by groping for concrete recom- 
mendations, too often based only on his own 
vague beliefs or established habits of thougnt. 

Firm adherents of some school of thought, 
ideologists and reformers are notoriously 
aggravating as critics and so are, of course, 
active artists who have developed their own 
individual approach to the very type of work 
they are supposed to review. The critic with 
vigorous or rigid standards cannot be expected 
to possess the necessary tolerance and sym- 
pathy for work not on his own level. 

And apart from the critic’s own qualifica- 
tions, isolated opinions based on a single piece 
of work are apt to be misleading. It is im- 
possible to judge another man’s work from a 
single print. The critic must see at least a few 
of his photographs to be able to detect what he 
is after, what may be intentional, and what is 
accidental in his style and technique. 

Scope. Certain points merit examination in 
any photograph. 

(1) The photographer’s purpose in taking it. 

(2) Has his technique been wholly and 
successfully subordinated to that purpose? 

(3) Would it be possible to produce from the 
negative a better print ? 


(4) Was the photographer’s approach ori- 
ginal or imitative? 

The purpose of the photographer in making 
a particular picture must receive first con- 
sideration; whether his work appears to fulfil 
that purpose or fall short of it is, in fact, the 
only point that really matters. If the man be- 
hind the camera happens to be solely concerned 
with some rare or subtle expression in his 
subject’s face then he should be criticized 
only on account of anything that may distract 
from that expression, no matter whether the 
distracting element by itself represents good or 
bad photography. Thus not even the degree of 
technical perfection is an unfailingly reliable 
guide to criticism. 

Yet technical criticism proper is compara- 
tively easy or, at least, harmless, even if it falls 
into errors. Objections like “This is over- 
exposed, this is unsharp, this is too contrasty” 
can be readily checked and so possibly refuted 
by anybody looking at the same picture. Often 
enough what may appear to be a technical 
fault is a deliberate mark of style. 

Critical suggestions about how to trim a 
print, angle it differently, throw back this 
detail or bring out that may serve a useful 
purpose, as long as all this advice does not 
conjure up an altogether new conception un- 
related to the photographer’s real intention. 
Criticism is reasonably safe if it is confined to 
discussing shifts of emphasis rather than to 
changes in subject matter; it may usefully 
suggest leaving out something from the author’s 
work but it would be grotesque for it to de- 
mand the inclusion of anything additional. 
You can criticize only what is there. 

Limitations. The critic ventures on to very 
shaky grounds indeed once he airs ideas of his 
own about how the picture should have been 
takep. He can seldom be sufficiently acquainted 
with all the relevant conditions to be able to 
pronounce really valid opinions on them. What 
is still more important, he is never in the posi- 
tion to prove his point if challenged. Judges in 
court aim at judgements which are both just 
and appear to be just; by the same token, 
critics must aim at opinions which are both 
justified and can be proved to be so. 

This condition is not met by setting forth 
the critic’s ideas in diagrammatic reconstruc- 
tions which purport to represent some pictorial 
analysis or outline an improved version of the 
photograph criticized. Diagrams are very 
useful to picture some general statement, but in 
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order to translate a particular photograph 
truthfully they would have to be drawn, not by 
hand, but by the same lens that took the 
picture and at the same spot where it was taken. 
Sketches not only eliminate most photographic 
values but may distort and evade awkward 
issues by using a non-photographic idiom. It 
is just as futile to suggest improvements to a 
photograph in an elegant drawing as it would 
be to try to correct a piece of sculpture by 
whistling a tune about it. 

The critic is privileged to appear clever at the 
expense of the work criticized but it is an 
abuse of that privilege to make up arguments 
extraneous to the subject, to pronounce 
opinions as if they were rules and to claim 
ultimate authority in a realm of abstract 
speculation where none can possibly exist. 
Any honest critic realizes that as it is his job to 
be an expert in afterthought, he should at least 
try to avoid any pretence to creative talents. 
“Creative” criticism is a contradiction in 
terms. A critic should offer the product of his 
experience, knowledge and skill acquired from 
studying the work of others rather than his 
own creative urges, prejudices and frustrations. 
Looking at a print he may be able to suggest 
that the photographer ought to take more care 
of his technique or that he should change some 
of his tools or that he might just as well give 
up the game altogether. But, being another 
man with eyes and ideas of his own, he can 
never take a hand in the actual work without 
turning it into something that was probably 
never intended. A.K.-K. 

See also: Composition; Judging exhibition entries; Visual 
appeal. 

CROMER, G. 1873-1934. French photo- 
grapher. Owner of a famous collection on the 
history of photography, the greater part of 
which is now at George Eastman House, 
Rochester, N.Y. 

CROOKES, SIR WILLIAM, 1832-1919. 
British physicist. Investigated the spectral 
sensitivity of the wet collodion process into 
the ultra-violet. Used light filters for the photo- 
graphy of coloured objects (1854-60). Founder 
in 1858, and for five years editor of the Photo- 
graphic News. He was Secretary of the Royal 
Photographic Society in 1857. 

CROPPING. American term for trimming of a 
print. In its wider sense it applies not only to 
physical cutting, but also to the elimination of 
unwanted picture areas in printing — i.e., 
trimming to improve composition. 

CROS, CHARLES, 1842-88. French doctor, 
poet, philologist and painter. Discovered in 
1881 the imbibition process, and was a notable 
pioneer in the theory and practice of three- 
colour photography (1869). 


CROSS, CHARLES FREDERICK, 1855- 
1935. English industrial chemist. Patented in 
1890, with E. J. Bevan, the Primuline process — 
the first successful method of diazo printing. 

CROSS FRONT. Term indicating that the 
lens panel of a camera may be moved laterally 
to bring the lens to the right or left of the 
optical axis. 

See also: Camera movements. 

CRYSTAL. A crystal is a piece of a homo- 
geneous substance with a spontaneously 
formed regular geometrical structure charac- 
teristic of that substance. The structure may be 
a simple one or a derivative of a simple shape— 
e.g., developed from a cube, prism or pyramid. 
When, for instance, a saturated solution of a 
substance in water is further concentrated by 
evaporation, some of the dissolved substance 
may deposit in the form of crystals. 

If crystals of some compounds are heated, 
they give off a certain amount of water (water 
of crystallization) and change into an anhy- 
drous form. Such crystals are called hydrated. 

Many photographic chemicals are obtainable 
in both hydrated crystalline and anhydrous 
forms. These obviously differ in the weight of 
active chemical present, but often they also 
differ in their chemical characteristics. So it is 
most important to know which form is in- 
tended when making up solutions from 
formulae. 

See also: Chemicals. 

CRYSTAL VARNISH. Clear varnish used for 
giving a protective finish to lantern slides and 
transparencies. 

CRYSTOLEUM. Coloured positive made by 
combining a transparency and a hand-coloured 
image. The method is no longer popular. 

CUBIC CENTIMETRE (C.CM. OR C.C.). 
Unit of volume in the metric system equal to 
16-9 minims. In scientific work the millilitre 
(ml.) is largely used instead. For photographic 
purposes the difference between 1 c.cm. and 
1 ml. is negligible. 

See also: Weights and measures. 

CURL. A number of sensitized materials — in 
particular,papers — tend to curl after processing. 
This is because of the difference between the 
shrinkage of the emulsion coating and its 
support. 

The first roll films were troublesome in this 
way until it occurred to the manufacturers to 
coat both sides of the celluloid with gelatin — 
only the coating on the front being sensitized. 
This produces an even drying tension on both 
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sides of the support so there is no tendency to 
curl. Modern films that employ certain plastic 
bases are less prone to curl. 

There are several ways of flattening papers 
that curl after processing. 

See also: Drying. 

CURVATURE OF FIELD. One of the off- 
axis aberrations of lenses, which causes the 
plane of focus to be curved. 

See also: Aberrations of lenses. 

CUSTOMS. Photographic equipment taken 
out of the United Kingdom by a photographer 
for his own use and brought back again by him 
is admitted duty free if the Customs Officer at 
the port of landing is satisfied that the articles 
are of British manufacture and, if not British 
made, that they had not been previously 
imported without payment of any duty 
properly due. 

Purchase Tax is normally not payable if the 
Customs Officer is satisfied that the articles have 
already bome tax and that they are in sub- 
stantially the same state on re-importation as 
when they were taken abroad — e.g., that the 
lens has not been exchanged for a costlier one. 

The equipment must be produced to the 
officers on re-importation, with any evidence 
which can be produced in support of its title to 
free admission — e.g., a bill from a retailer in 
this country showing when and where the 
articles were purchased or the original customs 
receipt. 

The Commissioners will not issue certificates 
to passengers leaving this country for articles 
contained in their baggage, nor will they keep a 
record of any such articles pending return. 

Photographic equipment brought into the 
United Kingdom by tourists from abroad is 
usually admitted without difficulty provided 
the equipment is for the personal use of the 
owner. It must not be sold or otherwise dis- 
posed of during the owner’s stay, unless duty 
and tax are paid first. 

Customs regulations in other countries 
mostly follow a similar pattern; a reasonable 
amount of equipment for a tourist’s own use is 
admitted (usually consisting of one still and 
one cine camera with accessories and 5-6 films). 
However, residents of the country may have to 
pay whatever duties and taxes are applicable. 

In U.S.A. residents can bring back goods 
$200 to $500 in value, according to how long 
they have been out of the country. In addition, 
there are restrictions on foreign equipment 
bearing certain trade marks owned by firms 
in the U.S.A. Such trade marks must either be 
obliterated, or the owner of the apparatus 
must obtain a release from the American 
owners of the trade mark. Certain firms have 
also given a blanket release permitting one 
piece of equipment of their brand to be brought 
in without any restriction. 


CUT FILM. Form of negative material similar 
to roll film but in flat sheets made to the 
standard plate sizes and intended to take the 
place of glass plates in the camera. 

See also : Films. 

CYAN. Name applied to the blue-green colour 
reflected by a surface which absorbs red, for 
which reason it is also referred to as minus red. 
It is one of the three primary colours used to 
form the image in subtractive colour processes, 
the other two being minus blue (yellow) and 
minus green (magenta). 

CYANOTYPE. (Blue print.) Printing process 
giving a white negative image against a blue 
ground. 

See also: Document photography ; Ferro-prusslate 

process; Obsolete printing processes. 

CYCLE. Applied to an alternating current of 
electricity indicates a single complete fluctua- 
tion in potential — i.e., zero, positive maximum, 
zero, negative maximum, zero. 



CYCUC VARIATION. The voltage V plotted against time T 
rises to a maximum, drops to zero, reverses direction to a 
negative maximum and returns to zero. This constitutes one 
cycle ( dotted arrow) after which the process repeats itself . 

CZECHOSLOVAKIA. The discovery of 
photography met with an immediate response 
in the Czech lands. The Czechs and Slovaks in 
no way remained behind the other civilized 
nations of the world, either in the early 
daguerreotype or in the wet collodion process 
or subsequently in other fields of photography. 
They also made their contribution to the pro- 
gress of photography. 

Contributions to Photography. Among the 
leading figures was Dr. Josef Petzval, a native 
of SpiSskA B614 in Slovakia, who as early as 
1840 designed a lens of good quality with a 
high speed — for that period — of /3-6. Thanks 
to him it was possible to cut the exposure time 
of daguerreotypes to several seconds. 

The great reformer, philosopher and poet 
Jan Evangelista Purkyne (born in Libochovice 
in 1794) perfected a stroboscope for viewing 
animated pictures through a slotted disc, and 
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in the 1860’s, with his instrument known as the 
cinescope — i.e., motion viewer — for the first 
time used a series of photographic snapshots 
to portray motion. In this way he undoubtedly 
contributed to the speedier development of 
cinematography. 

Photography also captured the attention of 
Jakub Husnik, 1837-1916, a professor of 
drawing in Prague, who in 1 863, after numerous 
attempts, produced two-tone photography. By 
studying the effect of light on dichromates, 
Husnik made the discovery, in 1869, of a 
collotype process. He also discovered a pro- 
cess emulsion for the photography of originals 
yellowed with age. 

Karel Vdclav Kllfi, 1841-1926, painter, 
photographer, journalist, satirist, caricaturist 
and printer discovered the technique of helio- 
gravure and copper plate printing which makes 
possible the speedy and perfect copying of 
half-tone photographic reproductions. In 1879 
he perfected the first photogravure process. 
In 1 895, working at Lancaster and Accrington 
in England with improvised lighting equipment, 
he etched the first intaglio copper cylinder 
(rotogravure). 

J. Ma ler perfected the method of observing 
stereoscopic pictures by utilizing the pheno- 
menon of polarization in the form of vecto- 
graphs — i.e., stereoscopic pairs differentially 
polarized and printed or projected as a single 
image which is subsequently split up into right 
and left eye pictures when viewed through 
suitably oriented polarizing spectacles. 

Contemporary colour photography tech- 
nique, utilizing colour-forming units, is based 
on Fischer’s and Homolka’s discoveries of 
1912. Benno Homolka, a German chemist of 
Czech origin, discovered carbo-cyanine dyes 
for colour sensitizing panchromatic emulsions. 
Photographic Education. The historic Karlova 
universita (Charles University) in Prague en- 
courages the study of scientific photography. 
This is directed by the Institute for Scientific 
Photography, Photographic Chemistry and 
Photographic Physics, which is part of the 
Physics Department at the Fakulta pfirodnich 
ved (Faculty of Natural Science). The student 
may study these special subjects when he has 
completed four terms on the basic syllabus. The 
University primarily encourages research work, 
but at the same time provides an education 
suitable for production work in the photo- 
graphic industry. 

The Department of Photography at the 
Prfimyslovi Skola grafick£ho umeni (Industrial 
School of Graphic Arts) in Prague and the 
Department of Photography at the Vysokd 
Skola umelcko prumyslovd (High School of 
Industrial Arts) in Bmo both provide training 
suitable for practical photographers. 

At the Bmo Vysok4 Skola umelcko priimy- 
slovd, photography is taught either as the main 
subject or as a supplementary subject in other 
fields — e.g., t e graphic arts. The studies 


include drawing and design (drawing ability 
is demanded in the entrance examinations) 
physics, chemistry and various art subjects. 

The growing demands placed on photo- 
graphy to-day have necessitated a considerable 
extension of the education of young photo- 
graphers. Third year students at the Photo- 
graphic Department of the Prumyslovd Skola 
grafickdho umSni in Prague are therefore 
divided into special groups such as medical 
photography, archive and museum photo- 
graphy, display art photography, etc. They are 
given every opportunity to co-operate with 
scientific institutes and the press. 

The highest educational institution of art 
and film photography in Czechoslovakia is the 
Filmovd fakulta pfi Akademi musickych 
umeni (Film Faculty at the Academy of Music 
and Dramatic Arts) in Prague, which has a 
special department for film cameramen, where 
the techniques and aesthetics of static and film 
photography are taught. 

Besides these institutions the Ministerstvo 
Kultury (Ministry of Culture) and the Ustfedni 
ustav lidov6ho umeni (Central Institute of Folk 
Art) sponsor courses in photography and home 
movies for amateurs. Attending these courses 
every year are workers from factories and 
offices who, upon completion of the course, 
co-operate with the regional bodies of the 
National committees (local government bodies) 
to develop photography and home movies 
either as members of advisory committees in 
regional and district organizations, or as con- 
sultants at local advisory centres of folk art 
or as instructors in photography and movie 
making to hobby groups attached to factories. 

The magazine Fotografie also deals with the 
ideological and specialized training of photo- 
graphers. Its editorial board co-operates with 
representatives in all fields of Czechoslovak 
photography. The task of the board is to use 
the magazine to increase popular interest in 
photography and to raise the artistic level of 
photography. 

Photographic Organizations. Amateur photo- 
graphers are members of photographic circles 
at the factory trade union clubs. To-day there 
are several tens of thousands of photographers 
organized in works’ clubs, educational centres 
for adults, youth and young pioneer organiza- 
tions. For their benefit, exhibitions, courses 
and lectures are organized. For example, the 
Advisory Committee for Photography at the 
Dim Kultury (House of Culture) in Prague 
sponsors lectures on such subjects as: photo- 
graphic theory and composition; colour photo- 
graphy; creative understanding of press photo- 
graphy; aims of photo art; photographing 
architecture, landscapes, etc. 

Besides this, there are smaller groups of 
photographic workers in Czechoslovakia. 
These are, in particular, the photographic 
artists organized in the photographic section of 
the Svaz teskoslovenskych vytvamych umelcu 


284 



(Union of Czechoslovak Artists); photo- 
reporters, organized in the Svaz Ceskosloven- 
sk^ch noviniH (Union of Czechoslovak 
Journalists); and professional photographers 
who, since 1946, have been organized in co- 
operative and communal enterprises. 

Indistry. It is inevitable that so great and speedy 
an expansion of photography places great 
demands on the Czechoslovak photographic 
industry. This, despite its comparatively high 
level of development, cannot keep up with 
domestic needs apfl the demands of foreign 
trade. The principal photographic exports are 
enlargers and reflex cameras. 

Artistic Outlook. In artistic photography there 
is no desire to ape the art of painting. On the 
contrary it Ts taught that, if photography is to 
gain the /respect it deserves as the youngest 
creative art, it must rid itself of the typical 
influences of painting. This means, first and 
foremost, that photographers should aim at 
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pure photographic expression and the preserva- 
tion of the character of photography. 

It is life, movement, spontaneity, naturalness 
and truth that correspond most closely to the 
character of photography. The essence of 
photography is documentation and its choice 
of themes from daily life is unlimited. 

Photography must not seek to remove itself 
from life in special forms of expression. The 
most modern photographic technique is an 
achievement of advanced science and a pro- 
duct of workers’ hands ; it permits us to capture 
what no other field of art can. Its mission is to 
reflect reality. It can fulfil this aim only if it 
speaks a language which is not only under- 
standable and clear, but possesses a content 
and form which are rich and beautiful. In this 
way photography can become a significant 
factor in raising the creative abilities of ordin- 
ary men and women and in developing their 
taste and artistic understanding. V.J. 
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DAGRON, PRUDENT REn£ PATRICE, 
1819-1900. French photographer. Manu- 
factured microphotographs which were sold 
with Stanhope lenses in souvenirs, etc.; they 
were produced on albumen-collodion dry 
plates. Instituted during the Siege of Paris, 
1870, a pigeon post by which photographically 
reduced messages were carried. 


DAGUERRE, LOUIS JACQUES MANDfi, 
1787-1851. French artist, inventor of the 
diorama and of the daguerreotype. He and, 
independently, Nidpce worked on the fixation 
of the image obtained in the camera obscura. 
The inventors were brought together by the 
optician Charles Chevalier, in 1826, and signed 
in 1829 an agreement on co-operation “for the 
further improvement of the invention of 
Nidpce which was perfected by Daguerre”. 
The decisive step in the final invention of 
the daguerreotype was Daguerre’s discovery of 
the possibility of developing with mercury 
vapour the iodized silver plates the partners had 
been using. The first report of the discovery 
was made by the French physicist Arago, on 
7th January, 1839, to the French Academy of 
Sciences. The complete public report followed 
on 19th August, 1839. A printed handbook was 
also published in the same year. The process 
was bought by the French Government and 
given “free to the world” on 19th August, 
1839 — but had been patented in England, 
Wales and the Colonies five days earlier. 
The coming of the daguerreotype aroused vivid 
interest over the whole of the civilized world, 
and for some years the process was popular. 
Its one grave defect, that it produced one 
original only, was the cause of its gradual 
replacement by negative-positive processes 
whereby copies could be produced. Biographies 
by Mentienne (Paris 1892), G. Potonnide (Paris 
1935), H. & A. Gernsheim (London 1956). 

See also: Discovery of photography. 


DAGUERREOTYPE. Photograph taken by 
the method published by Daguerre in France in 
1839. It consists of a positive image formed by 
mercury vapour on a polished coating of silver 
on a copper plate. 

There are five steps in the Daguerre process: 

(1) Preparing. A sheet of copper carrying a 
coating of metallic silver (produced by electro- 
plating, or by the Sheffield plate process) is 
buffed to a very high polish. 

(2) Sensitizing. The plate is exposed to 
iodine vapour in a light-tight “iodizing box” 
until it is uniformly covered with an orange 
coating of silver iodide. This coating is light 
sensitive. 

(3) Exposing. The plate is exposed in a 
camera for anything up to twenty minutes in 
bright daylight. The camera lens must be 
equipped with a reversing mirror since the 
image produced is a reverse (right to left) 
positive. 

(4) Developing. The image is developed by 
exposing the plate to the vapour of mercury 
heated to 140° F. (60° C.). The mercury amal- 
gamates with the silver and clings to the high- 
lights. 

(5) Fixing. The unused silver iodide is washed 
off with a weak solution of sodium hyposul- 
phite (common salt solution was used ori- 
ginally). After washing, the image is permanent; 
the highlights consist of a milky deposit of 
mercury amalgam and the shadows of plain 
polished silver. 

Daguerreotypes went out of fashion after 
the introduction of the wet collodion process. 

See also ; Discovery of photography; Sensitised materials 
history. 


DALLMEYER, JOHN HENRY, 1830-83. 
Optician and lens manufacturer in London (of 
German descent), connected by employment 
and later by marriage to the Ross family. 
Produced portrait lenses based on Petzval’s 
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design; patented (in 1866) the Rectilinear lens 
which is very similar to Steinheil’s aplanat. 
Made photoheliographs. 

DALLMEYER, THOMAS RUDOLPH, 1859- 
1906. English optician, son of John Henry 
Dallmeyer. Introduced to England a tele- 
photo lens based on the Porro-Steinheil 
design, for which he received the Progress 
Medal of the Royal Photographic Society in 
1 896. Was President of the R.P.S. from 1900 to 
1903. 

DANCER, JOHN BENJAMIN, 1812-87. 
English optician in Liverpool and Manchester. 
Made microphotographs by the daguerreotype 
(1840) and later by the collodion process. In 
1844 he made photomicrographic daguerreo- 
types with the aid of the solar microscope. Made 
first binocular camera in 1853. 

DANCING. As a subject for the camera, 
dancing shares all the problems of photography 
of fast-moving subjects by poor light and it has 
certain limitations, some of which are common 
to theatre photography. Straightforward flash- 
photography may be employed for factual 
records but ballet and other dance-forms call 
for a more sensitive interpretation. The work of 
the professional dance photographer is mostly 
confined to ballet, although many of its 
problems apply equally to other types of 
dancing. 

A series of ballet pictures should convey 
something of the atmosphere and theme of the 
ballet. Lighting should be planned to illu- 
minate supporting dancers, as well as the 
principals, whilst favouring the latter. Good 
composition and lighting are very important, 
followed closely by careful choice of the pre- 
cise moment for exposure to capture (or imply, 
in a posed shot) the feeling of the movement. 
This is of special importance in pictures taken 
close to the dancers. A knowledge of ballet 
terms, attitudes and working methods, as well 
as familiarity with the particular ballet being 
photographed, is almost indispensable. And 
permission to take photographs is always 
essential before commencing. 

Choice of Negative Size. Prints of dance photo- 
graphs are commonly 12 x 15 ins. and larger 
in size. They must be produced very quickly 
and be of superb quality, even when part 
of a negative is enlarged to cut out some 
supporting dancer’s faulty position — a recur- 
ring nuisance. So it is not surprising that a 
ballet company will often supplement the 
pictures taken by a 35 mm. expert with other 
photographs taken by a specialist using a 
larger negative size. These pictures are posed 
at a special photo-call. The equipment and 
technique are very similar to those employed by 
photographers who specialize in theatre photo- 
graphy. Usually in fact a specialist theatre 
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photographer is called in, and it is difficult to 
distinguish between the pictures of an expert 
in this field and the best of the 35 mm. action 
pictures. 

Pictures from larger negatives are of superior 
photographic quality and it is easier to produce 
large numbers of prints from them quickly for 
display and press distribution. Some specialists 
use the 2} ins. square negative, but the leading 
British stage photographers tend to prefer 
quarter-plate or even larger sizes. The twin lens 
reflex, the larger single-lens reflex and the view 
camera are all used by different specialists. 

There are three recognized ways of taking 
ballet photographs: by normal stage lighting, 
with special lighting, with synchro flash. 

By Normal Lighting. Stage lighting is much 
more contrasty than it appears to the eye. If 
recorded photographically, it is apt to be over- 
dramatic and not always appropriate to the 
nature of the production. So as a rule, the 
general, non-directional, illumination should, 
if possible, be increased when the stage spots 
are the main source of light. Under these light- 
ing conditions professional ballet photographers 
get good results with 35 mm. miniature cameras. 
Wide aperture lenses and the fastest films are 
necessary, particularly for taking photographs 
during a public performance when no addi- 
tional light can be used. Earlier workers often 
employed various methods of hypersensitiza- 
tion and even today the fastest emulsions are 
only just good enough at the speeds demanded 
by the action. A shutter speed of 1 /100 or 1/125 
second at / 1-5 can be used with a fairly fast 
type of film. This gives very little latitude 
when combined with development in a low 
energy formula to give fine grain, but this 
shutter speed and aperture are frequently 
required for the faster movements of a dancer. 
Special Lighting. The depth of field required 
demands an aperture of /8 or/ll at most and 
this means correspondingly slower exposures. 
For this reason certain dance movements must 
be omitted from a series of posed pictures. 
Professional stage photographers generally 
bring their own lighting equipment to the 
theatre. Two 500-watt high-efficiency spot- 



BASIC LIGHTING PLAN FOR DANCE SHOTS. Directional lights 
at each side of the stage provide the main illumination, while 
a fl oodlamp close to the camera fills in harsh shadows. 
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lights, one or two 1,500-watt floodlamps and 
several 250-watt hand-lamps make a typical 
collection. With this lighting and careful 
choice of the “dead moment” of a climax or 
change of direction in the dance, exposures of 
i or J second may be made. By sensitive 
handling of these lamps and suitable directions 
to the dancers before exposure, the expert can 
recapture the true atmosphere and movement 
of the dance. With such lighting, and high- 
speed panchromatic plates or films, there is 
ample latitude for fine-grain development to a 
low gamma in a developer such as M.Q. borax. 

Theatre assignments have to be carried out 
in the shortest possible time as the cost per 
hour for rehearsals is high. Only a handful of 
photographers have achieved success in this 
sphere. 

Synchro-Flash. Reliable and controllable syn- 
chro-flash equipment has made it possible 
to combine the advantages of snapshot 
technique with the pictorial and practical 
advantages of the larger camera. While the 
pressman’s flash-on-camera secures only a 
record devoid of atmosphere, independently 
mounted flash units coupled remotely to the 
shutter contacts are capable of much more 
subtle effects in experienced hands. Some 
experiment is necessary to be able to predict 
the precise contribution that the combined 
flashes will produce; but a photographer with 
experience can produce in this way photo- 
graphs possessing much of the atmosphere of 
the production itself. 

The photographer must attend several re- 
hearsals, and take notes of the most suitable 
moments for the pictures he will take at 
the photo-call when the company is his to com- 
mand for an hour or so. The flash lamps are 
arranged before each scene, and the movements 
of the dancers are modified, if necessary, to 
suit his composition. The exposure is then 
made with the dancers in action, actually per- 
forming the particular part of the ballet. With 
ordinary flash bulbs, the shutter controls the 
actual exposure by opening for the required 
•interval — e.g., 1 /50 to 1/125 second at the peak 
illumination of the flash bulb. With the elec- 
tronic flash tube the highest shutter speed — 
e.g., I /500 second — may be used, because the 
duration of the flash is from 1 / 1000 to 1 /5000 
second. This is so short that the fastest human 
motion is too slow to blur the image. 

Whether such speed is an advantage in dance 
photography is a matter of opinion. When 
there is no suggestion of blur some of the 
illusion of motion is lost, and many ballet 
photographers prefer expendable bulbs which, 
besides being compact, reliable and reasonably 
inexpensive, permit some control of the degree 
of blurring of the faster-moving parts of the 
subject. With properly designed circuits (usually 
series-capacitor-ignition) there is no limit to 
the number of bulbs which may be syn- 
chronized to fire simultaneously. The lamp- 


holders, etc., and associated equipment are 
portable and light in weight; but where numbers 
of pictures must be taken, the cost of bulbs 
becomes prohibitive. 

Electronic flash costs little in use, beyond its 
transportation cost, although this may be con- 
siderable because of the bulk and weight per 
unit of light-output. But the initial cost is high, 
and at least two linked units of 200 joules out- 
put each are needed to cover quite a small 
ballet group. 

In both kinds of flash photography of the 
ballet the usual flash-distance-aperture factors 
for the particular materials employed may be 
used for a start; but the individual worker will 
have to modify the figures later to suit his own 
processing technique and the kind of picture 
he wants to make. 

Other Dance Forms. It will seldom be possible 
actually to pose the dancers in a ballroom, even 
an exhibition couple at rehearsal. An oppor- 
tunist technique will be more appropriate, with 
high-speed film and large-aperture lenses. The 
shutter-speed and aperture should be set to 
suit the lighting conditions (which will often 
be very poor indeed) and zonal focusing 
adopted, i.e., the focus is pre-set for the dis- 
tance at which the best opportunities are 
expected to occur. This decision, and the 
choice of the most interesting moments in the 
movement, can be made early in each dance. 
The exposure is then made when the couple 
enter that zone for which the focus has been 
set. Exhibition dances, by one or two couples 
only, will offer the best pictures, especially if 
the dancers are spotlighted. 

Folk dancing and national dances are 
usually performed in the open air, so almost 
any hand camera may be used. Keeping the 
traditional nature of such dancing in mind, it is 
sound to include, as background, such of the 
surrounding location and audience as is likely 
to emphasize this, so long as it is subordinate 
to the main subject. A knowledge of the 
particular dance forms is valuable, enabling the 
photographer to anticipate the direction and 
movements. 

Cabarets are frequently dimly lit, and large- 
aperture lenses with high-speed film are neces- 
sary. The characteristic atmosphere may be 
retained if, in a subsidiary manner, spectators 
at their tables are included in the picture area. 
The silhouettes of one or two heads framing the 
main subject, marginally, can be especially 
effective. J.V. 

Sec also: Theatre. 

DARK CORNERS. Dark comers on a print 
may indicate that the camera lens is not illu- 
minating the whole of the plate area. This 
occurs when the covering power of the lens 
is not great enough for the plate in use. The 
lens is then said to vignette. The remedy is to 
use a lens with a wider angle of field or to try 
stopping down the aperture. 
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Even if no vignetting occurs, the illumination 
at the comer of a plate is less than that at the 
centre, being reduced by a factor equal to the 
fourth power of the semi-angle of field. Natur- 
ally, this effect is accentuated in wide-angle 
lenses. 

Dark comers may also be caused by using a 
lens hood which has an acceptance angle too 
narrow for the plate size. This cuts the comers 
of the negative, leaving them clear so that they 


print out darker than the rest of the picture. 
Dark comers on an enlargement mean that the 
illumination of the negative is faulty or that 
the enlarging lens does not cover the negative 
fully. In a condenser enlarger it may be that 
the distance between the lamp and the con- 
denser needs adjusting, that the condenser is 
the wrong focal length or that the lamphouse 
reflector is of the wrong shape. 

See also: Covering power; Faults. 


DARKROOM 


Any room selected for use as a darkroom 
should have a volume of not less than 400 cubic 
feet; for comfortable working it should not be 
smaller than 8 feet x 6 feet x 8 feet 6 ins. 
high. It should be sited so that it keeps cool in 
summer, and it should not be near equipment 
that emits fumes. X-rays or other active 
radiations. 


STRUCTURE 

The structure of a darkroom — even the 
choice of building materials — should be given 
adequate consideration. 

Floor. The floor should be smooth but not 
slippery. Where the darkroom is over another 
room the floor must be completely water- 
tight and there should be a drain so that the 
floor can be flushed regularly to get rid of 
spilt solutions which would otherwise dry and 
rise as chemical dust. 

Suitable materials for darkroom floors are 
hard rubber blocks bedded in mastic, resting 
on concrete or wood, and red earthenware tiles 
in acid-proof cement. Certain plastics, such as 
P.V.C., are available as tiles and can be 
cemented with special water-proof adhesives 
to the floor. These are chemical and water- 



LIGHT TRAPS. Top left: Heavily curtained door. Top right: 
Two-door chamber. Bottom: Doorless labyrinth, with or 
without curtains. Inside surfaces should be black. 


proof, non-slip, and hard-wearing. Where 
floors meet walls, asphalt or other sealing com- 
pound should be brought up to the wall in the 
form of a skirting, with rounded comers, to a 
height of about 6 ins. It is even better to 
carry the covering to a height of 3 or 4 feet 
up the walls and around the base of any piece 
of heavy fixed equipment. 

Concrete makes a cheap, jointless floor, but 
if it is trowelled to a smooth finish it may be 
dangerously slippery. It should either be left 
slightly rough, or the top layer should be 
mixed with a suitable non-slip aggregate. 
Concrete floors may also dust badly. Sweeping 
simply makes matters worse, but the surface 
can easily be made hard and dustproof by 
treating it with a solution of sodium silicate 
(waterglass) or one of the proprietary dust- 
proof ers. All types of flooring need to be washed 
frequently to get rid of dust carried into the 
room on shoes and in the air. 

Hard floor surfaces are tiring f or operators, 
and wooden duckboards should be laid in 
front of sinks and benches where people are 
likely to be standing for long periods. 

Walls. The walls should have a hard, smooth 
finish of light colour; rough surfaces accumu- 
late dust and are difficult to clean. A wall 
painted with cream enamel or oil paint is 
easily cleaned and reflects the light. Dark 
coloured walls have no place in a darkroom. 

Tiles make a wall surface that is easily 
cleaned and has good reflecting properties. 
They should be set in acid-proof cement to 
prevent penetration of solutions. This is very 
necessary where there is risk of contamination 
from hypo, because hypo in contact with un- 
protected brickwork and concrete sets up 
gradual disintegration that is practically im- 
possible to check. 

Ceiling. The ceiling should be finished in matt 
white enamel or oil paint. It should not be 
lower than 8 feet 6 ins. or higher than 11 
feet. Plastered ceilings should be avoided 
because of the risk of flakes falling into, and 
contaminating, solutions. 

Light Traps. It should always be possible to 
enter or leave a darkroom without admitting 
any light. A labyrinth that turns through two 
right angles makes an efficient light trap. The 
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walls should be painted with matt-black oil- 
bound paint to prevent reflected light from 
entering, and a white line, about 2 ins. wide, 
should be painted at about eye-level to assist 
entry and exit. No direct light should be 
allowed to shine in ; if necessary there should be 
a baffle across the entrance. 

To save space, double doors or double 
curtains may be used or, if space is very 
limited, a curtain across the door can be made 
to serve. When the light-lock consists entirely of 
curtains they should be made to open in the 
centre and have a generous overlap. They 
should be of thick limp material, well weighted 
at the bottom, and with a broad white band of 
tape stitched down each edge to mark the 
opening. When a curtain is placed across a 
door, it should be hung from a rod about two 
feet above the top of the door to allow easy 
opening and closing. Sliding doors occupy little 
space and, if carefully light-trapped round the 
edges, ate very effective. 



CONVERTED BATHROOM. To be practical, the conversion 
must be simple and quick, with little preparation before, or 
clearing up after, use. In this case a wooden rack fits over the 
bath and takes the dishes and other gear connected with 
processing. The enlarger stands on a suitable table or low 
cupboard which may house all other accessories when not in 
use. The only lengthy part of the conversion may be the task of 
blacking out awkwardly placed or shaped windows. 



PROFESSIONAL PRINTING DARKROOM. This is divided into 
two sections, one for contact printing, and one for enlarging. 
A third room serves as finishing room f or glazing, mounting, 
trimming, retouching, etc. The 'Vet” benches carrying the 
developing dishes are arranged along the dividing wall to- 
gether with the sinks for preliminary washing. A, one of 
several lamps providing local illumination. B, contact printer. 
C, ceiling lamp for general darkroom illumination. D, pro- 
cessing bench. E, electric hot glazer. F, work table for re- 
touching and mounting. G, enlarger. H, trimmer. 

Windows. If existing windows have to be 
obscured to make a darkroom, they should 
have removable shutters so that the room can 
be flooded with daylight. This is a great help 
when the room is given a periodical clean out. 
Blinds are a practical alternative to solid 
shutters that fit closely into the window frames. 
They must be made of completely opaque, 
tough material and should run in grooves 
deep enough to prevent light leaking round the 
edges. There are two other points that must 
be light trapped: the housing for the roller, 
and the recess into which the free end of the 
blind fits when it is drawn. 

Ventilation. A good air circulation is most 
important and is frequently overlooked be- 
cause people are apt to shut out the air in an 
effort to keep out the light. At least 400 cubic 
feet of air should be allowed for every person 
using the darkroom and every effort should be 
made to keep it moving. In small darkrooms, 
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DEALER'S LABORATORY. The darkroom contains three work- 
ing places round a central bench carrying individual developer 
and stop bath dishes and a common fixing tank. Here two workers 
use contact printers, the third an enlarger. The daylight room 
contains the final washing, glazing, and other finishing equip- 
ment. A, contact printer. B, central processing bench. C, 
washing tank. D, light-trapped hatch. E, trimming bench, F, 
sorting and dispatching bench. G, enlarger. H. special en- 
larger. I, light-trapped doors. J, mounting bench. 


this can be done by fitting a pair of light-tight 
ventilating units, one at the top and the other 
at the bottom of a wall, shutter or windows. 

Another method is to construct the walls of 
the darkroom to within 6 ins. of ceiling height 
and to hang from the ceiling two black painted 
light baffles about 18 ins. deep, inside and 
outside the darkroom. Similar light-trapped 
vents at floor level help to promote circulation 
of air. 

But any darkroom that is in continuous use 
ought to have an extraction fan. A number of 
fans are especially made for the darkroom. They 
are light-trapped and practically silent. They 
should always be fitted as high as possible. 

All vent pipes and ventilators should be 
matt black inside to make them efficient light- 
traps. 

Drainage. It is quite safe to drain exhausted 
developing or fixing baths into the ordinary 
drainage system, but they should be well 


diluted by running the water-tap whilst pour- 
ing them away. The ordinary lead plumbing is 
not affected by the solutions used in the normal 
darkroom. 

Sinks should have individual connexions 
to the main drain and each should have its own 
trap. A detachable strainer, made preferably of 
stainless steel, should be fitted to the outlet 
from each sink. Where the drainage pipes bend 
at a sharp angle or form a junction with an- 
other drain there should be a removable cover 
or plug to simplify the job of clearing any 
blockage. Plumbing and pipe-work should be 
accessible so that attention can be given to 
leaks and stoppages without unnecessary dis- 
mantling and removal of fixed equipment. 

FITTINGS 

The darkroom lighting should be as bright 
as is consistent with the speed of the sensitive 
materials being handled. This can be best done 
by indirect illumination, reflected off the 
ceilings and walls, from a properly designed 
safelight fitted with interchangeable screens 
of suitable colour. Where the ceiling is broken 
or of poor reflecting power, the safelight 
should have a white-painted reflector sus- 
pended above it. Pipes, air-ducts or cables 
should not run across the ceiling since these 
spoil its reflecting powers. The general illu- 
mination may be supplemented by direct 
lighting where necessary, e.g., over the pro- 
cessing dishes and the sink. 

If two sets of safelighting are used — for 
example, one for negative development and 
one for printing — the switches for the brighter 
lights should be built into a wall-box with a 
flap cover to prevent people from switching 
them on by accident. The white light switches 
should always be boxed in separately or they 
may be fixed about 18 ins. above the normal 
level for light-switches. Switches controlling 
direct safelighting are best placed under the 
edge of the bench near the lamps concerned. 

Safelight lamps should either be hooded or 
hung below eye level so that they cannot shine 
directly into the eyes of the darkroom workers. 
The white light should be placed close to the 
surface of the ceiling and as near the centre of 
the room as convenient in order to give as few 
and as short shadows as possible. 

It is useful to have a white light over the 
sink so that prints can be looked at imme- 
diately after fixing. A daylight lamp in a deeply 
hooded shade can conveniently be suspended 
over the fixing dish or washing tank. If con- 
trolled by a foot switch, it can be flicked on for 
the few seconds necessary to check print 
quality. In the same way a small illuminated 
opal, attached to the wall behind the sink, 
serves for scanning negatives by white light 
after fixing. 

Safelights. When the correct safelight is 
chosen for the sensitized material in use, it is 
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possible to have ample light to work by. 
Papers require yellow, yellow-green or orange 
safelighting according to whether they are 
chloride, chloro-bromide, or bromide emul- 
sions. Slow, blue-sensitive materials can be 
handled by orange safelighting; orthochromatic 
negative materials require deep ruby lighting, 
but panchromatic materials call for indirect 
illumination by a special dark blue-green safe- 
light, and even then they must be examined 
only very briefly. 

Temperature Control. The darkroom should be 
kept at an even temperature somewhere be- 
tween 65° and 70° F. And since it is easier to 
heat a room and its contents than to cool them, 
the darkroom should be in a part of the build- 
ing where it is more likely to be too cold rather 
than too hot. 

Where there is no steam or hot water central 
heating, tubular electric heaters, controlled by 
a thermo-operated switch, provide a conven- 
ient form of heating. Open element electric or 
gas radiators can be used at a pinch, but they 
must be properly screened because any visible 
light emitted by them can quickly ruin ex- 
posed films or paper. 

Since the recommended temperature for 
most photographic processing operations is 
68° F. (20° C.), the solutions used should be 
brought to this temperature and, if the room 
temperature is within this range, the rate at 


which their temperature changes will be very 
low. This is also the most comfortable work- 
ing temperature. 

Large dishes and tanks containing processing 
solutions are most conveniently heated by 
electric immersion heaters, thermostatically 
controlled to switch off at the right temperature. 
Tanks in continuous use are best immersed in a 
large thermostatically-controlled water bath. 
This gives finer control than individual immer- 
sion heaters and it is the system generally used 
in colour photography, which demands a high 
degree of reproducibility in processing. Dishes 
can also be satisfactorily warmed or cooled by a 
water bath. There are many types of thermo- 
statically controlled individual electric dish 
warming stands, but for handling a number of 
dishes the water bqth method is cheaper and 
more convenient. 

Benches. Darkroom work benches are either 
wet or dry. Processing and making up of 
solutions are confined to the wet bench; the 
dry bench is reserved for enlarging, printing 
and loading sensitized materials. Both benches 
should be kept as far apart as possible, and the 
wet bench should be alongside the sink. 

Teak is the traditional wood used for making 
wet benches, but there are many other materials 
as good or better: glass, stainless steel, plastic 
and lead sheet. All these materials may be used 
very effectively as a covering for the top of the 



COMMERCIAL OR INDUSTRIAL DARKROOM. This type of room may be used for the photographic department of an industrial firm 
or of a hospital. A, film drying cabinet. B, white light. C, trimmer. D, darkroom timer. E, ceiling light for general darkroom illu- 
mination. F, darkroom lamp for local illumination of “dry” bench. G, enlarger . H, contact printer. I, glazing machine. J. shelf 
for measures, bottles, etc. K, processing tanks in “wet" bench; replaced by dishes when required. L, immersion heater for tanks 
or dishes. M, darkroom lamp for local illumination of “wet” bench. N, rotary print washer. O, wall bracket f or film hangers. 
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wet bench. Wood which is used uncovered must 
be made waterproof by coating it with wax. 
Precautions must be taken to prevent solutions 
spilt on the bench from running down the 
back at the line where the bench-top joins the 
wall. If lead is used to cover the bench, it 
should be continued up the wall 6 ins. or the 
joint may be sealed with a strip of beading 
rendered water-tight with a sealing compound, 
pitch or other waterproof adhesive. 

Bench-tops of dry benches should be covered 
with thick linoleum, rubber or compressed 
resin-impregnated fibreboard edged with oak. 
The covering may be continued up the wall to 
prevent dust from collecting in the corner. 

The average operator prefers to stand at a 
bench 3 feet high and sit at a bench 2 feet 6 
ins. high. All working benches that are not 
open at ground level should have toe recesses 
about 3 ins. high and the same depth. 

Cupboards and Drawers. The space under 
benches is usually the most suitable place for 
cupboards and drawers. The cupboard space 
under the wet bench should be reserved for 
storing bottles of solutions in frequent use and 
for small developing tanks. The space under 
the sink can be divided up into compartments 
to take developing dishes in various sizes, 
standing on end. A number of compartments 
should be provided over the dry bench for safe- 
light screens. At least one of the drawers should 
have a light-tight sliding lid inside so that sensi- 
tive material can be left in the drawer without 
risk of fogging. One type of drawer has a safe 
lid that slides into place as the drawer is closed 
and remains closed the next time the drawer is 
pulled out. 

The atmosphere in the darkroom is generally 
damp, so bulk stocks of sensitized materials 
should always be kept in another place. But one 
of the cupboards or drawers in the darkroom 
should be set aside for storing materials in 
actual use. 

Every darkroom needs a waste bin, and it is 
as well to separate paper and film waste from 
Blass to reduce the danger of accidents. 

Sinks. A shallow darkroom sink can be used 
as a wet bench for most of the processing. It 
should be about nine inches deep and rather 
higher than usual to give as much comfort as 
possible when working. Hot and cold water 
should be available and the taps should be 
high enough to allow a standard 2-gallon 
bucket or a Winchester bottle to stand under 
them (i.e., at least 15 ins). 

The hot and cold taps should have different 
types of handle, or one of them may have a spot 
of luminous paint so that they can be easily 
distinguished in the dark. 

An anti-splash device or a piece of rubber 
hose may be attached to the cold tap for wash- 
ing out tanks and dishes or swilling down the 
darkroom floor (if the hot tap is left without a 
hose, it serves to distinguish it easily from the 
cold water tap in the dark). 


If the water supply is contaminated by solid 
matter like grit or rust from the mains, a filter 
may have to be fitted in the water-supply line. 

Suitable sinks may be made of wood (teak, 
cypress or maple) porcelain, chemical stone- 
ware or stainless steel. Wooden sinks should 
be coated with asphalt, rubber or a sheet 
plastic, or lined with lead (not less than 5 
pound thickness). All the seams of lead-lined 
sinks should be bumed-in and not soldered. 
Bitumen-lined sinks are very practical and, 
although they wear in use, they can be repaired 
without difficulty. 

Duckboards on the floor of the sink prevent 
breakage of dishes and glassware and stop dish- 
es and tanks from slipping about. Draining 
boards alongside the sink are made of wood, or 
— where expense is no object — stainless steel. 
Some sinks have a cover which can be fitted 
over the top to form a useful extra bench when 
the sink is not in use. G.B.M. 

Electrical Equipment. Most of the darkroom 
electrical equipment is in use only intermittently 
and is thus usually connected into some sort of 
switch-plug. All such plugs should be of the 
three-pin type with the third pin properly 
earthed. The frame of all pieces of metal equip- 
ment should be connected to the third pin of the 
plug. This greatly reduces the risk of shock. 

It is wise to provide more socket outlets 
than arc, at the time, thought to be necessary. 
Darkroom equipment is frequently being 
added to and multi-way adaptors are no more 
than a dangerous expedient. It should be made 
a strict rule to connect only one piece of equip- 
ment to any socket outlet or point. 

The average small darkroom might reason- 
ably have the following electrical equipment: 


ELECTRICAL INSTALLATIONS 


Equipment 

Power 
Consump- 
tion — 
Wotts 

Total 

Watts 

Total 
Current 
at 230 
volts 

White ceiling light 

60 



Safelight, general 

40 



Safelight, local ... 

15 



Contact printer 

100 



Enlarger 

100 



Fan 

60 

375 

1 6 amp. 

Clock 

... Negligible 



Dish heater 

500 



Kettle 

500 



Room heater ... 

... 2,000 

3,000 

13 amp. 


These items would be supplied by two sub- 
circuits, i.e., a 5-amp. lighting circuit and a 15- 
amp. heating circuit. The various items would 
then be conveniently installed as follows. 

White ceiling light: suspended from ceiling. 
Controlled by switch near door (a key switch 
prevents accidental fogging of materials). 

Safelight, general: hanging from wall over 
dry bench. Controlled by switch near dry 
bench socket outlet. 

Safelight, local: hanging from wall between 
wet bench and sink. Controlled by cord from 
switch located in the ceiling. 
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ELECTRICAL INSTALLATIONS. The various units are as far as 
possible fed from a number of lighting and power points, and 
controlled by individual switches. A, darkroom lamp and 
switch for general illumination. B, outlet point and switch for 
enlarger or printer. C, electric clock ( needs no switch). D, 
white light and special boxed switch to prevent accidental 
switching on during working. E, tubular heater fed from power 
point. F, darkroom lamp and switch for local illumination of 
work bench. G. extractor fan in blacked-out window. 

Contact printer: fitted with 5-amp. plug to 
connect to socket outlet at right-hand end of 
dry bench. Controlled by own switch which is 
usually built-in. 

Enlarger and fan: as for contact printer. 

Clock: connected through clock fuse to 5- 
amp. subcircuit permanent wiring. 

Room heater: on floor, with flex to reach 
15-amp switch socket outlet to right of dry 
bench 5-amp. socket outlet, clear of dry bench 
top, so that heavy flex can fall straight from 
socket outlet to floor. Controlled by socket 
switch for on and off, and own switch from 
1 ,000 to 2,000 watts. 

Dish heater: with flex and 5-amp. plug to 
5-amp. switch socket outlet at left hand end of 
dry bench. Controlled by socket switch. 

Kettle: with flex and 5-amp. plug to connect 
to same switch socket as dish heater. Controlled 
by socket switch. F.P. 


IMPROVISED DARKROOMS 

For the simpler tasks in photography — e.g., 
changing plates or freeing a jammed film in the 
camera — an easy and simple substitute for 
the use of a darkroom is to crawl into bed head 
first, making sure that there are no light leaks 
round the body, and carry out the work in 
darkness under the clothes at the foot of the 
bed. 

To load film into the developing tank, drape 
the bedclothes over the arms and shoulders 
while sitting on the floor with the legs under 
the bed. But by far the better way is to use 
the bathroom or the space under the stairs; 
the essential is that the place be light-tight 
and clean. 

Under Stairs. See that the door when closed is 
light-tight and there is no extraneous light. 
Any gaps can be filled up by tacking strips of 
felt around the edge of the door. Take extra 
care that any electrical meters or mains are 
protected from splashes of water or accidental 
contact. 

There must be a shelf, box or table covered 
with lino where sensitive materials can be 
handled without fear of water, solutions or dry 
chemicals coming into contact with them. 
There must also be a space for the processing 
dishes or tanks for negatives and prints. 
Washing can be carried out in the kitchen sink. 

For printing in a confined space of this type 
the best method is to use a printing box which 
can either be bought ready made or contrived 
from a wooden box with a little ingenuity and 
thought. The printing box and safelight can be 
electrically operated from the mains or from a 
battery. 

The walls can be painted up to 42 ins. with 
an acid-resisting black paint and above this 
and on the ceiling with a light colour such as 
cream or yellow. The floor should be rendered 
waterproof if possible with a covering of lino 
or, if it is a cement floor, with a coat of traffic 
paint. 

Shelves should be fitted wherever possible 
in odd corners to take bottles, etc. 

It is not essential to have photographic 
dishes, for use can be made of suitable kitchen 
dishes and pails for washing water and waste. 
Bathroom. An ordinary bathroom can be con- 
verted into a darkroom in this way: make the 
window light-tight by means of a well-fitting 
black blind running in grooves or behind slats. 
Then arrange a working surface over the bath. 

A tray for processing with 2 ins. lip all 
round, made of plastic or plywood, can fit the 
top of the bath for half its length, while the 
other half is covered by a plywood bench to 
take the printing box or enlarger. 

To prevent the light of the contact printer or 
enlarger from fogging the paper whilst being 
developed and also to prevent splashes of 
solution on sensitive material, a partition 
about 9 ins. high can be placed between the 
tray and the bench. 
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Illumination can be by a safelight or by 
fitting one of the special coloured bulbs in the 
ceiling light. As in all darkrooms, great 
care must be taken when fitting any temporary 
electrical switches and equipment to ensure 
that there is no possibility of an electric shock. 
A small distribution board providing fused 
socket outlets for the various pieces of equip- 
ment can be connected to the nearest 1 5-amp 
point by a length of three-core cable. All wire 
should be of a waterproof covered type and 
all circuits properly earth-connected. 

With a little thought the tray and bench can 
be constructed so that when not in use they 
form a box to store the dishes. If there is space 
available in the bathroom, a small cupboard 
should be fixed to store solutions, chemicals 
and measures, etc. 

Spare Room. Where there is a spare room avail- 
able for conversion specially for photographic 
work, the layout will naturally depend on 
space available and the nature of work to be 
undertaken. But it is possible to lay down cer- 
tain principles which are capable of modifica- 
tion according to circumstances. 

The room should be so arranged that at 
least one bench can be kept dry for the sensitive 
material while it is in the dry state. All wet 
operations should be carried out on a second 
bench (the wet bench) with a sink next to it. 
It must be impossible for splashes of working 
solutions to reach the dry bench. Similarly the 
benches must be made so that hypo, etc., cannot 
drip on to the bench or floor. 

Where possible the wet and dry benches 
should be on opposite walls or at right angles. 
An ideal working bench would be 33 ins. 
high and up to 18 ins. wide. 

The space under the dry bench can be divided 
in two, one half as a cupboard for storage of 
cameras, lenses and sensitive material. Chemi- 
cals, whether in bottles or dry packages, should 
never be stored in this cupboard. The other 
half of the space can be divided up to take a 
drawer at the top and a shelf with space under- 
neath for mixing pail and stirring rods, etc. 


SPECIALIZED DARKROOMS 

Darkrooms for various specialized work are 
as numerous as the variety of work, but they 
still have the basic principles of a tidy, dust- 
free and well-ventilated, dry room and a 
layout suitable to the photographic task 
involved. 

Photo-Finish Darkroom. One example is the 
type used in connexion with photo finish 
cameras, where the photograph (an 8 x 10 
ins. enlargement) of the result of the race 
must be in the hands of the judge in the shortest 
possible time. This is built in a stand or a tower 
about thirty feet above the ground. 

An average size for such darkrooms is 6 x 8 
feet; the camera is off-set to one end of the 
8 foot side of the darkroom. 


All pieces of equipment are installed as near 
as possible to each other but still leaving plenty 
of working space. 

Taking the camera as the starting point of 
the processing operation and working clock- 
wise, the order in which the equipment is laid 
out is: camera, film processing unit (with 
thermostat to control solution temperatures), 
fitted flush to the bench, safelight flush with 
the bench to enable the negative to be placed 
correctly in the negative carrier of the enlarger, 
fixed enlarger and paper carrier, print pro- 
cessing dishes, sink and dry bench. 

To attain high speed of production, all the 
work must be carried out with the negative 
wet. It is therefore vitally important for the 
whole electrical circuit to be efficiently earthed. 
All switches and plugs are positioned at the 
most convenient place for the operator to 
reach without unnecessary movement. Every 
piece of electrical equipment is separately 
fused on a fuse board in the darkroom and all 
fuses plainly marked to enable a quick re- 
placement to be made. The floor and benches 
are covered with lino with a good acid-resisting, 
hard-wearing surface. The walls are painted 
acid-resisting black up to 42 ins. and cream 
above. Ventilation is effected by louvre type 
ventilators under the benches and an extractor 
fan on the wall. Heating is carried out by 
tubular heaters under the benches. 

X-Ray Darkroom. In general, this follows the 
same lines of organization as any professional 
darkroom. In certain cases, however, it must 
have provision for rapid processing, e.g., when 
a radiograph is required during a surgical 
operation. This mainly involves careful tem- 
perature control and a suitable working lay- 
out of benches and equipment so as to waste 
as little time as possible. 

Most darkrooms of this type have a light- 
trapped service hatch where the exposed films 
are handed in, and the processed radiographs 
passed out. Where rapid processing is used, the 
finished radiographs are examined wet in front 
of a suitable viewing box. 


MOBILE DARKROOMS 

Although not as necessary now as in the 
days of wet plates, there is still a limited require- 
ment for portable and mobile darkroom equip- 
ment in the field. 

Portable Darkrooms. Changing bags are made 
of a light-weight and lightproof material, in the 
form of a bag large enough to take camera, dark 
slides and plate boxes, and fitted with two 
sleeves with elastic openings for the arms. The 
whole can be folded into a very small size 
and packed away in the camera case. 

For use on a job at a remote place there is 
an igloo type of tent in which a limited amount 
of work — e.g., developing negatives and mak- 
ing contact prints — can be carried out. No poles 
are required. This type of tent is packed in a 
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box that when unpacked becomes the work 
table. The tent is made of a light-tight material; 
along the four edges which come to a point at 
the top are sewn rubber tubes that can be 
inflated to form structural members, thus 
giving a rigid conical-shaped tent. The door is 
fitted with a zip fastener and the walls of the 
tent have flaps which tuck under the tarpaulin 
forming the floor, thus making all light-tight. 
The main use for this type of tent is to enable 
an operator on a long task away from the main 
studio — e.g., when shooting a film or taking 
part in an expedition — to check his results. 

Full-sized darkroom tents are mainly used 
by the Armed Forces in the forward area and 
consist of a double-lined tent of about 20 x 20 
feet, the inner lining being of a black light- 
tight material. The interior is divided into three 
rooms: one room, taking half the space, forms 
the work room for drying, trimming, sorting, 
mosaic making; a second room, taking one- 
quarter of the space, is for negative processing 
and the third room is for printing and en- 
larging. The door is zip fastened and the tent 
walls and floor covering overlap to prevent 
light leaks. All the tentage and equipment are 
packed in suitable cases designed so that when 
unpacked they become useful articles of dark- 
room furniture such as tables, chairs, sink, etc. 
The equipment includes a small, petrol-driven 
generator with a distribution board and 
waterproof leads which connect with suitable 
points in the tentforsafelights, etc. An extractor 
fan is inserted in a hole in the tent wall and 
a small pump lifts water from a tarpaulin tank 
to the sink. 

Lorries and Trailers. A mobile darkroom is 
built on a lorry and fitted out to deal with pro- 
cessing of plates or films, quick drying and 
contact printing. The principal use is for on- 
the-spot processing of news and sport pictures 
in remote districts for transmission by wire or 
radio. 

The Royal Air Force use a darkroom trailer 
of this kind (T Type) in the field. These trailers 
are equipped to deal with aerial photographs 
from the 4 x 5 ins. type camera and have 
side awnings fitted for use as a workroom. They 
provide their own electric light from a small 
generator and may be fitted with a refrigeration 
plant for use in tropical climates. 

Photographic Train. The extreme example of a 
mobile darkroom is the Royal Air Force train 
of four articulated vehicles more than thirteen 
feet high and over thirty-two feet long and 
weighing more than twelve tons. They are 
used with forward area units responsible for 
photographic reconnaissance. Such a train 
consists of the following vehicles. 

(1) An office for administration, keeping 
records of work carried out, sorting and 
dispatch of prints, numbering and examination 
of negatives. 

(2) Film processing unit capable of auto- 
matically processing and spooling up to 500 



AIR FORCE PHOTOGRAPHIC TRAILER. All the equipment for 
processing and printing the aerial films is housed in a trailer IS 
feet long and 7$ feet wide. A, film processing room, separated 
by curtain. B, printing box. C, spool with negatives. D, 
ventilation fan. E, print trimmer. F, controls for refrigeration 
unit under dry bench. G, water supply tank. H, sink with pro- 
cessing dishes. I, darkroom lamp (several are arranged around 
the trailer). More advanced trailers contain automatic film 
processing units for dealing with continuous lengths of up 
to 500 exposures of 9 X 9 ins. film at a time. 

exposures of 9 x 9 ins. format film at a 
speed of about four feet per minute. 

(3) Printing section fitted with a multiprinter 
which automatically produces and finishes 
prints from the 9 x 9 ins. film at about 
1 ,000 prints an hour. 

(4) Darkroom for manual processing of films 
in a series of tanks and drying on a large drum. 

(5) Darkroom for manual printing and 
finishing. 

(6) Trailer with a heavy duty generator that 
supplies the electric current required to 
operate all the equipment. 

To complete the train there are several 
trucks (3 ton and 15 hundredweight) for film 
storage, stores, tentage, and all the para- 
phernalia necessary to make a completely self- 
contained unit. S.J.H. 

See a Iso: Studio photography. 

Books: Developing, by C. I. Jacobson (London); The 
Business of Photography, by C. Abel (London). 
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DARK SLIDE. Name sometimes used for a 
plate holder. If the holder carries two slides, 
the term “double dark slide” is used. 

DAVANNE, ALPHONSE, 1824-1912. French 
amateur photographer. Contributed to half- 
tone photolithography and wrote numerous 
books and articles on photographic chemistry, 
particularly on silver chloride printing, fixing 
and toning. Was one of the founders of the 
Societe Frangaise de Photographie (French 
Photographic Society) and consecutively Vice- 
President, President and Honorary President 
of its Council (1866-1912). 


DAVY, SIR HUMPHRY, 1778-1829. English 
chemist. Experimented in collaboration with 
Thomas Wedgwood before 1802 in the pro- 
duction of silhouettes and contact copies of 
leaves, etc., on white paper or leather mois- 
tened with silver nitrate solution, but could 
not fix them. Discovered the electric arc light 
in 1813. Biography by J. C. Gregory (1930). 

DAY, WILL, 1 874( ?)— 1936. English cinema- 
tographer and pioneer of the cinema. Part of 
his large collection on the history of cinema- 
tography (and of its forerunners) is now in the 
Science Museum, London. 


DAYLIGHT 


The sun is the source of all daylight. Even 
when it hides behind a cloud, it provides the 
light that we see — and take photographs by. 
Direct sunshine at noon in the middle of 
summer has an intensity of 10,000 foot candles 
— equal to 400 Photoflood lamps placed 6 feet 
away from the subject, and almost a thousand 
times stronger than the artificial light illumina- 
tion in an ordinary living-room. 

But the strength of the sunlight is not con- 
stant; it varies throughout the year from one 
month to the next and throughout the day 
from one hour to the next. 
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INTENSITY OF DAYLIGHT. The squares represent the relative 
amount of light given by the sun from a clear sky at different 
hours of the day and in the various months of the year for a 
latitude of 45-55 ° N. The circles show the relative altitudes 
of the sun at noon, and also the proportion of hours of light. 


It varies because the sun’s altitude changes 
throughout the year and from the beginning to 
the end of the day. The sun is highest in the sky, 
and therefore its light is strongest, in June, and 
it is lowest, and its light is weakest, in December. 
In the course of the day the strength of the light 
varies in the same way from sunrise to noon, 
and from noon to sunset. 

Both the yearly and daily patterns are 
regular — March and September lie at equal 
distances from the June peak and so have the 
same strength of sunlight; the sunlight is as 
strong at nine o’clock in the morning as at 
three o’clock in the afternoon. 

The visible spectrum of uninterrupted sun- 
light extends from 4,000 Angstrom Units 
(violet) to over 7,200 Angstrom Units (red). 
All the coloured rays it includes in its range 
add up to make white light. 

But sunlight is a commodity which the 
photographer rarely, if ever, has to deal with in 
its pure state. Photographs are made, not by 
sunlight, but by daylight, and the two are not 
by any means the same thing. In daylight some 
light always comes from the sky, and some 
often comes from reflections off nearby sur- 
faces. 

The direct rays of the sun are white, they 
travel in straight lines, and all the straight lines 
come directly from the sun. But daylight is 
more often coloured than white (generally 
more bluish then direct sunlight); to a large 
extent it is able to find its way around comers, 
and it comes from all directions, even from 
below. 

Daylight is a variable mixture; part consists 
of white light that has arrived straight from 
the sun, and part of light that has been changed 
in direction or colour, or both. 

The Direction of Daylight. The direction of the 
light that shines on the subject may be affected 
by the surroundings. Certain objects — white 
clouds, light painted buildings, snow, chalk 
cliffs and masses of sand or water, can act as 
reflectors. Under the right conditions they can 
even provide the principal lighting. When sun- 
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light is reflected by such surfaces, it scatters in 
all directions and no longer casts hard shadows. 

A similar scattering takes place when the 
sunlight has to pass through atmospheric 
moisture in the form of thin cloud, mist or rain- 
drops. Denser forms of atmospheric moisture — 
heavy cloud and fog — completely destroy any 
appearance of direction in the light, and cast 
no shadows. 

The Strength of Daylight. The strength or 
intensity of the daylight is governed by the 
altitude of the sun and the weather. 

The altitude of the sun varies according to the 
latitude, the time of year, and the time of day. 
In practice, however, these three factors do not 
affect the strength of the daylight as much as 
might be expected: the intensity of the light at 
noon is almost constant from the British Isles 
to the Congo; the sun at midday in June is 
only about half as strong again as in January 
for similar weather conditions. Finally, careful 
research has shown that daylight quickly 
increases in strength once the sun is clear of the 
horizon. From then, thanks to the fact that it 
is helped by sky and cloud reflection, it remains 
at about the same strength for the greater part 
of the day. Towards evening the strength falls 
off again as quickly as it increased in the 
morning. 

The weather, in fact, has a much greater 
effect on the strength of the daylight than any 
other factor. Cloud or fog can make a June 
afternoon as dark as December, and a sudden 
change in the weather at any time can raise or 
lower the light intensity by ten times in the 
space of a few minutes. 

Exposures in Daylight. The correct exposure in 
daylight photography depends as much on the 
quality of the daylight as on its strength. But 
while the strength or intensity can be measured 
by an exposure meter, it is not as easy to judge 
the quality. The quality of daylight is a com- 
bination of contrast and colour. Both can 
affect the exposure profoundly. 

Contrast. Lighting contrast depends upon the 
amount of direct sunlight present in the day- 
light. The strongest contrasts are seen when the 
sun shines out of a clear sky and there are no 
clouds or reflecting surfaces to illuminate the 
shadow areas of the subject. When photographs 
must be taken under such conditions, it is 
common practice to give a very full exposure 
and curtail the development time of the negative 
(in other words, expose for the shadows, and 
develop for the highlights). 

This procedure flattens out the contrast of 
the negative and can be made to yield an 
acceptable picture instead of a useless example 
of “soot and whitewash.” In strong, clear 
sunshine it is safe to double the normal expo- 
sure and reduce development of the negative 
by a third to a half. 

At the other end of the scale there is the type 
of daylight where there are no direct rays from 
the sun, and the shadow areas are so illu- 



CONTRAST OF DAYLIGHT. Top: Direct sunlight yields high 
contrast with brilliant highlights and deep, sharp, shadows. 
Centre: Veiled sun gives softer light with clearly visible, 
but considerably more luminous shadows. Bottom: An oyercost 
sky gives a lower level of even diffused illumination with 
virtually no discernible shadows at all. 

minated with reflected light that they cease to 
count as shadow areas. This sort of lighting can 
occur when the sun is completely obscured by 
heavy clouds or fog and equally when it is 
veiled in white mist. Both of these conditions 
give lighting of low contrast, although one is 
very much more intense than the other. 

In low-contrast lighting the exposure must 
be kept to a low value and, if possible, develop- 
ment should be extended. This increases the 
contrast of the negative and prevents the print 
from looking flat and lifeless. 

At the same time, there is a danger of losing 
contrast by giving too short an exposure. If the 
exposure is just sufficient to record detail in the 
darkest shadow and there is not much differ- 
ence between that and the strongest highlight, 
it is quite possible for the whole exposure scale 
to lie on the toe of the characteristic curve. 
When this happens, the negative will develop to 
a low contrast because the slope of the toe of 
the curve is less than that of the straight line 
portion. 

So ideally, in this kind of daylight, the expo- 
sure should be just enough to register the 
deepest shadow (in which detail is to be shown) 
on the bottom qf the straight line portion of 
the characteristic curve. 

Between the contrasty lighting of the direct 
rays of the sun and the flat, diffused illumina- 
tion found in mist, fog or rain, there are 
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infinite possibilities of variation. Fortunately 
modern sensitive materials possess very wide 
latitude which looks after quite large errors in 
exposure. And the number of grades of printing 
paper is enough to look after quite large 
errors in judging contrast. So that it is only 
necessary to override the normal exposure 
meter reading for the more extreme contrast 
variations in daylight. 

The Colour of Daylight. The atmosphere always 
contains a certain amount of water vapour. 
Finely divided droplets of water in this form 
act as a colour filter, letting yellow, orange, 
red, and infra-red rays through and reflecting 
blue, violet and ultra-violet rays. So, an observer 
looking at the sun through mist or fog, sees it 
as an orange-red disc, while if he stands with 
his back to the sun, the mist itself appears blue- 
white. Motor-car headlights seen through fog 
appear dull orange, but to the driver behind 
them they appear to reflect back as a dazzling 
white. 

So the water vapour in the air tends to 
colour the daylight orange and to rob it of 
blue rays. And the more vapour the light has 
to shine through, the more orange the daylight 
appears. Morning and evening light are both 
inclined to be redder than broad daylight; 
when the sun is low down on the horizon its 
rays travel obliquely through the vapour layer 
and so pass through more of it. 



DIRECTION OF THE SUN. The direction of the light determines 
the relative areas of light and shade in the subject. Front 
lighting illuminates the whole visible area of the subject; as 
the sun moves round, the camera sees progressively more of the 
shaded side, until everything is in shadow. 


When daylight is reflected it takes up the 
colour of the reflector. As reflectors are usually 
white or almost white (clouds, snow, painted 
buildings, etc.) this is rarely important to the 
black-and-white photographer. But coloured 
reflecting surfaces must be handled with care 
in colour photography where the blue sky or 
reflected light from a grassy bank, or the 
red brick wall of a house outside the picture 
area may upset the colour values of the subject. 

For black-and-white exposures, the photo- 
grapher needs to trouble about only the 
extreme conditions. These are usually en- 
countered early and late in the day, when the 
sun shines through relatively large amounts of 
water vapour. As water vapour holds back blue 
and violet light the daylight at such times is 
redder than usual. In terms of practical photo- 
graphy this means longer exposures, particu- 
larly with orthochromatic films and plates, 
because they are not very strongly sensitive to 
light at the red end of the spectrum. 

Daylight at High Altitudes. There is generally 
less water vapour and dust in the atmosphere at 
high altitudes than at lower levels. One result 
of this is that the light falling on the scene is not 
scattered as much as usual and distant detail 
is clearer. There is also less air above the scene, 
which means less scattered light from the sky. 
So the landscape, which is normally seen by 
the camera as being much darker than the sky, 
appears almost as bright. 

At low altitudes the excess of blue light from 
the sky must be held back by a filter or the sky 
will come out as a blank white area on the 
print. But at high altitudes the balance of 
brightness changes and the sky tones will 
generally be reproduced satisfactorily without 
a filter. If anything more than a very pale yellow 
filter is used at high altitudes, the sky tones 
are apt to be unnaturally dark. 

The absence of light-scattering water vapour 
also means that the light at high altitudes is 
rich in ultra-violet rays. The camera lens is 
not corrected for these rays, which thus tend 
to upset definition. Under such conditions, the 
scene can be reproduced with greater clearness 
by using a U.V, (ultra-violet) filter. This special 
filter is practically colourless, and while it 
allows ordinary visible light to pass through 
unimpeded, it is opaque to ultra-violet light. 
Character. What has been said above about 
photography by daylight is concerned only 
with making an acceptable negative — i.e., one 
that is correctly exposed. But all the variable 
factors in daylight have their effect on the 
aesthetic character of the photograph. 

The direction of the lighting has a special 
significance in daylight photography because 
it can indicate the time of day when the photo- 
graph was taken. So the mood of the scene is 
very largely suggested by how the light falls. 
Low slanting sunshine with long shadows 
generally suggests evening for the very good 
reason that most people are more familiar with 
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the long shadows of late evening than with the 
long shadows of early morning. The general 
mood of such a photograph is one of rest, quiet, 
and meditation. So the angle of the sunlight 
adds a significance of its own in addition to the 
effects of direction common to all other forms 
of lighting. 

The colour of the daylight affects the tone 
values of the photograph in the same way as a 
filter. It makes no difference to the final 
result whether the light is filtered before it 
falls on the subject or before it enters the lens; 
coloured light is simply light that has been 
filtered before it falls on the subject. 

So, early and late in the day, and in misty 
seasons when the light is yellowish, the tone 
values of the scene are changed as they would 
be by a yellow filter — i.e., green, yellow, 
orange and red objects become lighter in tone 
and other colours, including the blue sky, are 
relatively darker. At such times there is 
nothing to be gained by using a filter, as the 
light has been filtered already. 


The diffusion of the light by fog, mist, 
clouds, and irregular reflecting surfaces, can 
make all the difference between a soft, well- 
modelled picture with a multitude of grey tones, 
and a hard, strongly etched study with only 
two or three tones between black and clear 
white. Generally, when the light is well scat- 
tered, it tends to destroy surface texture, 
although that can be an advantage in playing 
down wrinkles in portraiture. Such lighting 
gives restful effects; strong unbroken sunshine 
is suitable for vivid, dramatic treatment with a 
harder effect. 

Here also, the character of the daylight 
almost always has a special significance be- 
cause it indicates certain weather conditions, 
seasons, and even actual places — viz., the 
Alps, the tropics, the English Lakes, are all 
associated with types of daylight quality. F.P. 

See also: Portraiture outdoors; Sunrise and sunset; 
Sunshine. 

Books: All About the Light , by Edwin Smith (London); 
Photographic Illumination , by R. H. Cricks (London). 


DAYLIGHT ENLARGER. Early type of 
enlarger which employed diffused daylight as a 
system of illumination. The image was pro- 
jected into a darkened box or room. 

DAYLIGHT PRINTING. Simple way of 
making a positive contact print from a nega- 
tive, using daylight to make the exposure. 

See also : Contact printing; Papers. 

DECKLE EDGE. Name for the decorative 
wavy or ragged edge given to some photo- 
graphs. A deckle edge may be obtained with a 
special print trimmer. 

DEFINITION. Term in photography indicat- 
ing the fineness of the detail in a negative or 
positive print. The standard of definition is 
affected by the ability of the lens and the photo- 
graphic emulsion to resolve distinct lines (the 
resolving power) and the scale of contrast of 
the emulsion. A line is only clear when it is 
both sharply resolved and is distinctly darker 
or lighter than the adjacent tones. 

See also: Acutance; Circle of confusion; Grain; Lens 
testing; Negative materials; Resolving power . 

DELAMOTTE, PHILIP HENRY. Dates un- 
known. English water colour artist and photo- 
grapher. Professor at King’s College, and 
organizer of the photographic department of 
the Manchester Art Treasures Exhibition in 
1857. Documentation of the Rebuilding of the 
Crystal Palace at Sydenham in 120 Published 
Photographs, published in 1 854. 

DELAYED ACTION. Automatic operation of 
the shutter at some time after the shutter 


release has been pressed. Many shutters incor- 
porate a delay mechanism and there are pro- 
prietary devices which can either be attached 
to the normal shutter control or screwed into 
the flexible release socket. The delay is gener- 
ally about 10-15 seconds and gives the photo- 
grapher time to take up his place in the picture 
after initiating the release. 

DELIQUESCENCE. Property of a number of 
substances of absorbing so much moisture 
from the atmosphere that they finally dissolve 
in it. Many such substances — e.g., phos- 
phorous pentoxide — are used as drying agents 
for desiccating the air in storage containers. 

Sec also: Chemicals. 

DEMACHY, ROBERT, 1877-1938. Paris 
banker and photographer. Made many contri- 
butions to special printing processes. He 
brought gum bichromate to a high degree of 
perfection, and introduced modem oil trans- 
fer processes for prints in 1911. From these 
processes the modem bromoil process was 
developed. Biography by F. C. Lambert 
(London 1904). 

DEMENY, GEORGES, 1850-1917. French 
scientist and pioneer of moving pictures. 
Worked from 1882 to 1894 with Marey. Con- 
structed Marey’s second Chronographe camera 
(1890) which used a flexible film in magazines. 
Designed the Phonoscope (1891-2) for the 
optical synthesis of motion depicted in a series 
of photographs arranged round a glass disc. 
Made in 1893 a chronophotograph with film 
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movement by an eccentric beater; later (1896) 
developed it into a projector. The apparatus 
was designed for, and marketed by, Gaumont. 
Demeny used first 60 mm., later 35 mm. film. 

DENMARK. There is no record of the first 
photographs taken in Denmark, but interest 
in photography has been strong since the 
earliest times and today there is a small but 
active industry in addition to well patronized 
professional and amateur movements, 
industry. In Denmark there is a factory for 
films and photographic paper. Some small- 
scale photographic manufacturing is carried on 
as side lines by other industrial undertakings. A 
good deal of this work originates from the 
second world war, when Denmark was cut off 
from supplies of tripods, dishes, filters, dark- 
room accessories and the like from abroad. 
There are also several types of enlargers made, 
but these are mainly expensive instruments for 
professional use. The limited market compels 
the makers to go in for precision instruments 
of high quality and high prices rather than 
cheap mass production. There is an ingenious 
studio camera in which six or twelve plates are 
stored in the top of the body. A light touch of a 
lever makes a plate fall into position ready for 
exposure and another touch of the lever makes 
it drop to the bottom of the camera, where the 
back of the holder covers it and keeps it light- 
tight. 

Professional Photography. The professional 
photographers are organized in about twelve 
local circuits, the central administration of 
which lies with Dansk Fotografisk Forening 
(League of Danish Photographers), founded 
in 1880. It was the first Danish photographic 
society and, although its membership is now 
exclusively professional, it originally included 
amateurs. 

Professional photographers are trained as 
apprentices to other photographers for three or 
four years ; in addition they have to take a two- 
months’ course at one of the two photographic 
schools owned by the Dansk Fotografisk 
Forening. A third professional school on 
somewhat different lines is under formation. 
But in Denmark entry to the photographic 
trade is unrestricted and can be followed by 
anyone, so a good number of Danish pro- 
fessionals were originally amateurs who — often 
gradually — turned professional. 

Camera Clubs. The first amateur photographic 
society in Denmark was probably the Kaben- 
havns Fotografiske Amatorklub (Copen- 
hagen Amateur Photographic Society) which 
was founded in 1895. It still has an active 
membership. 

There are about 170 camera clubs (practi- 
cally all of them admitting amateurs and 
professionals without distinction, but not 
always photographic dealers). Eighty of the 
clubs are affiliated to the central organization, 
Danske Kamera Pictorialister (Danish Camera 


Pictorialists), which is a member of the F.I.A.P. 
The D.K.P. provides clubs with programmes 
for their meetings: portfolios from inland and 
abroad, lectures in manuscript to be read at 
the meetings (with accompanying slides), 
lantern slide series, many of them with typed 
criticisms to be read aloud as they are pro- 
jected, and so on. 

The title D.K.P. (Danish Camera Pictorialist) 
is awarded by the club to photographers (with- 
out distinction between amateurs and pro- 
fessionals) who have for a number of years 
shown distinguished skill and steady interest 
in pictorial photography, either as photo- 
graphers or as critics and writers. There are at 
present f orty holders of the title. 

Exhibitions. There is an annual national exhi- 
bition of Danish pictures which is shown in 
tum in a number of towns. A set of slides from 
the best pictures in this exhibition is sent to the 
neighbouring countries, Sweden, Norway and 
Finland, with which close collaboration is 
maintained and which exchange corresponding 
sets from their own national exhibitions. 

While in earlier days the subjects favoured by 
Danish pictorial photographers were mainly 
landscapes and portraiture to be rendered as 
true to nature as possible, the trend is now 
towards more sophisticated subjects. Abstract 
compositions play an increasing part in the 
exhibitions and a recent analysis showed that 
less than 3 per cent of exhibited pictures were 
landscapes (even in the widest sense of the 
term), and portraits were hardly more numer- 
ous. There are no awards whatever and many 
leading workers refuse to send pictures to 
exhibitions where awards are given. It is felt 
that such medals, prizes- and the like tend to 
lower the dignity of photography. 

Publications. The only photographic journal of 
general interest and circulation is Foto-Maga- 
sinet, a monthly publication of 56 pages with 
numerous reproductions and four colour 
pages. It is published by an independent 
publisher, but as one of the two editors happens 
to be the president of the D.K.P. there is some 
connexion with the photographic societies. 

There is also the monthly Dansk fotografisk 
Tidsskrift — somewhat smaller, but with a few 
illustrations. It is the official publication for 
professional photographers and is only avail- 
able to members of their organization. Smal- 
filmbladet is the journal of the amateur cine 
societies. Foto-Tidende is the organ oi the 
photographic dealers’ society. Some small 
publications are issued more or less regularly 
by photographic firms and distributed free of 
charge for publicity purposes. H.B.J.C. 

DENSITOMETRY. Technique of density 
measurement of silver deposits in any part of a 
developed photographic image. Can be carried 
out by transmitted light (e.g., on a negative or 
transparency) or by reflected light (e.g., on a 
paper print). The instrument used for such 
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measurement is a densitometer; the results may 
be used for plotting the characteristic curve of 
the material concerned, or for exposure deter- 
mination. 

Sec also: Density; Sensltometry. 

DENSITY. Exposure produces blackening 
which can be quantitatively measured as 
“density”. A density is measured in a densito- 
meter, an instrument in which the intensity of 
a beam of light can be measured before and 
after passing through any selected test patch 
on the developed image. If I, is the intensity of 
the light before it passes through, and I, the 
intensity after it passes through the test patch, 
the density D is defined as 

D = log Ij/Ij. 

The ratio I,/I, is often called the opacity, but the 
inverse ratio I, /I , is more frequently used and 
called the transparency. Since I, is always 
smaller than I,, the values for transparencies 
run from 0-1. If multiplied by 100, trans- 
parency values are obtained as percentages. 

The densitv value obtained for any one 
density patch will depend to some extent on the 
design of the measuring instrument. 

When density values are plotted against the 
exposures which produced them, a characteris- 
tic curve of the sensitized material is obtained. 
Specular Densities. The density of a test patch 
on a photographic negative can be measured 
in two ways. The first is important in projection 
and projection printing. It is known as the 
specular density and is arrived at by measuring 
the intensity of the transmitted pencil of light 
at a distance from the test patch. This method 
ignores the light that passes through the patch 
and is scattered sideways at the surface. 

Diffuse Density. The second kind of density is 
important in contact printing. It is known as 
the diffuse density and is based on a measure- 
ment of the total amount of light passing 
through the test patch. As the diffuse density 
takes into account all the light transmitted by 
the test patch, and the specular density mea- 
sures only a part, the specular density is always 
greater than the diffuse density. The diffuse 
density is more easily measured and stan- 
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DENSITY. If a beam of intensity l passes through an absorbing 
medium and is reduced to I w Che opacity is l a /l, and the density 
is log l # /l,. For a value of I, = / ,000, a range of 1,000 Co / 
for I, corresponds to densities from 0 to 3-0. 
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TYPES OF DENSITY. If a medium both absorbs and scatters 
light, the density measurement depends on the lay-out of the 
measuring apparatus. A: At d-d all the transmitted light is 
measured; the density value obtained is the diffuse density, 
B: At s-s a large part of the scattered light will miss the 
measuring surface; the density obtained is the specular density. 

dardized than the specular density. Thus the 
British Standard Specification 1384-1947 and 
the American Standard Z.38. 2.5-1 946 define 
the contact printing density, but make no 
attempt to define the specular density. Contact- 
printing density is obtained by measuring the 
density patch in contact with a piece of trans- 
lucent light-scattering material, such as pot 
opal glass, which is part of the densitometer. 


TRANSPARENCY (OR REFLECTIVITY) AND DENSITY 


1,11, 

Transparency or 
Reflectivity 

Density 

1 

100% 

0 

1 -25 

80% 

01 

16 

62% 

0-2 

2 

50% 

0-3 

25 

40% 

0-4 

3-3 

31% 

0-5 

5-6 

18% 

075 

10 

10% 

10 

20 

5% 

13 

AO 

2-5% 

1-6 

100 

10% 

20 

1000 

01% 

30 

10000 

0-01% 

40 


Reflection Density. Reflection density is a 
measure of the depth of a tone on a surface 
viewed by reflected light — i.e., a photographic 
print. It is strictly analogous to the transmission 
density of an image viewed by transmitted 
light — i.e., a negative or positive transparency. 
In reflection densitometers, the measuring light 
as a rule falls on to the test strip at an angle of 
45“ and the amount of reflected light is mea- 
sured at 90°, i.e., at right angles to the paper 
surface. The light value I, is that reflected from 
the base of the paper, and I, is that measured 
with the density patch in position. The ratio 
of I 2 /I, is called the reflectivity. 

Reflection density measurements may depend 
on the physical nature of the surface as well as 
the density of the image — e.g., the figure for a 
paper with a pronounced or regular surface 
texture will vary according to the direction of 
the incident light. W.F.B. 

Sec also: Sensitometry. 
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DENTAL PHOTOGRAPHY. Photography is 
used in dentistry in order to demonstrate 
the physical improvement following treatment. 
This often produces a marked — and sometimes 
dramatic — psychological uplift. Furthermore, 
a photograph taken in comparative youth will 
often serve as a model in later life when new 
dentures are needed to counteract the effects of 
reabsorption and other changes. 

The camera is used in dentistry to take 
photographs of the teeth to show dental 
disease, malformations, the soft tissues, the 
formation of the oral cavity and frontal and 
side views of the face. It is here that dental 
photography adjoins photography in plastic 
surgery. Its value in orthodontics and maxillo- 
facial surgery is undisputed. Most of these are 
excellent subjects for comparative photographs 
where the same region is photographed with 
visible light, infra-red and ultra-violet to 
include features not normally visible. 

Dental research organizations have carried 
out mass oral photography of the full upper 
and lower dental arches of selected groups of 
the community. 

Education of the patient in dental hygiene 
by photographs is profitable if the subject 
matter is selected with care; the keynote being 
to confine the demonstrations to those things 
that have a direct bearing on the patient’s own 
condition or health. 

Equipment. The apparatus employed is simple 
and compact and it is usually kept available 
for instant use, generally at the chair-side. A 
small view camera is often used because it is 
versatile, permitting scaled photographs up to 
full size, and it gives accurate visual focusing, 
selective composition, and allows for the quick 
interchange of sensitized materials. A roll film, 
or even a miniature camera needs a special 
long focal length lens, a supplementary lens, or 
an extension tube, to get a sufficiently large 
image at the requisite working distance. Simple 
equipment may be devised whereby the camera 
is provided with a series of finder frames and 
corresponding supplementary lenses. This 
arrangement allows of very rapid working even 
by unskilled personnel. 



DENTAL LIGHTING. The light is concentrated on the required 
area of the mouth by means of a concave mirror set uf> just 
outside the field of view of the camera lens. 


More expensive equipment includes the 
precision miniature camera, either of the single- 
lens reflex type or fitted with a reflex housing. 
In either event, a long-focus lens and extension 
tubes will be found an advantage. A specialized 
outfit made for this type of work consists of a 
miniature camera with bellows focusing and 
carrying its own lighting close to the lens. The 
whole unit is mounted on an X-ray tube stand. 

Dental mirrors of various shapes and sizes, 
together with a set of unobtrusive lip retractors 
complete the equipment of the dental photo- 
grapher. By such means it is possible to record 
a full view of the occlusal and lingual aspects 
of the teeth. 

Lighting. Axial illumination — i.e., illumination 
along the optical axis of the camera — is ideal 
for a deep cavity such as the mouth. In practice 
the camera and its light or lights, with or with- 
out the distance frame, are mounted together 
as a composite unit, an arrangement which 
gives nearly axial illumination. The complete 
assembly can be mounted on a bracket for 
instant use. Being close to the subject the light 
source need only be a small unit — such as a 
tubular projection lamp — in a non-reflecting 
shield. These small sources give sharper detail 
and fewer troublesome reflections than larger 
lamps. A small flash bulb or electronic flash 
tube in a blackened reflector is often employed, 
and in some arrangements the light is focused 
on the subject by a concave mirror. 

A circular electronic flash tube mounted 
round the camera lens will be found extremely 
useful for deep intra-oral views. 

Colour. The teeth and associated structures 
are being increasingly reproduced in colour 
instead of black-and-white. For colour photo- 
graphs, more powerful light sources are 
employed and they are balanced with appro- 
priate filters to suit the sensitized material. 

Intra-oral views have a natural background, 
but when facial views are taken, extraneous 
objects beyond the subject are excluded by 
setting up a conventional background — usually 
green. Polished metal retractors are apt to give 
undesirable reflections, and painted finger nails 
can be even more objectionable. The general 
light from a large adjacent window — common 
in a dental surgery — will very often cancel out 
the advantages of the concentrated illumination 
of a small light source, in addition to upsetting 
the colour balance when using colour film. 
Technique. Practically every dental photograph 
is only of real value when compared with 
another, either of the same, or a different 
patient. For this reason it is highly necessary to 
establish a standard technique by which anyone 
can take regular photographs for comparison 
without possessing any greater technical skill 
than that of the average amateur. T.A.L. 

See also: Medical photography; Medical radiography. 

Books: Photographic Aids to Clinical Dental Practice, 
by J. A. Dyce (London); Medical Photography , by T. A. 
Longmore (London). 
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DEPTH OF FIELD 


When the camera lens is focused to give a 
sharp image of a particular object, other 
objects closer or farther away do not appear 
equally sharp. The decline of sharpness is 
gradual and there is a zone extending in front 
of and behind the focused distance where the 
blur is too small to be noticeable and can be 
accepted as sharp This zone is known as the 
depth of field of the lens. It is often miscalled 
the depth of focus. 

The extent of the depth of field depends, 
amongst other things, on how great a degree of 
blur we are still prepared to accept as sharp, 
i.e. upon the size of the circle of confusion. The 
stricter the standard of sharpness, the smaller 
the permissible circle of confusion and the 
smaller the depth of field. 

The depth of field also depends on the 
aperture and focal length of the lens, and on 
the distance from the lens to the subject. The 
smaller the aperture and the shorter the focal 
length of the lens, the greater the depth of field. 
The closer the subject, the smaller the depth of 
field. The limits of the depth of field of a lens 
are given by the equations: 

D 

Dn - 1 + Dcf/F* 

Dr = 5 

1 - Dcf/F* 


where: Dn = Near limit of depth of field 
Dr = Far limit of depth of field 
D = Focused distance 
c = Limiting circle of confusion 
f = /-number of lens aperture 
F = Focal length of lens 

(All measurements must be in the same 
units.) 

For a circle of confusion equal to 1/1000 of 
the focal length of the lens we have: 

_ D 

Dn ~ 1 + Df/IOOOF 
^ D 

Df = 1 - Df/IOOOF 

where: D n = Near limit of depth of field 
Dr = Far limit of depth of field 
D = Focused distance 
f = /-number of lens aperture 
F = Focal length of lens 

Effect of Aperture and Focal Length. With a 
pinhole camera the depth of field is theoretically 
unlimited. Everything is reproduced equally 
sharp, however near or far away, and irrespec- 
tive of the distance between the pinhole and the 
film or plate. So the nearer the relative aperture 
of a lens approaches a pinhole the greater the 
depth of field at any object distance. 



DEPTH OF FIELD IN PRACTICE. The extent of the depth of field depends on the focusing distance, the aperture, and the focal 
length of the lens. First three columns: The depth obtained increases as the subject moves away from the camera. Fourth and 
fifth columns: With the lens focused on a given distance, the depth of field grows as the lens is stopped down. Last three columns: 
With a given distance and aperture, the use of lenses of increasing focal length again reduces the extent of the sharp zone available. 
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In fact both relative aperture and focal 
length govern depth of field. The depth of field 
depends on the ratio of /-number/focal length. 
The larger this ratio, the greater the depth of 
field. 

For an absolute circle of confusion (i.e. 
independent of the focal length of the lens), the 
depth of field is proportional to the ratio of 
/ : number/(focal length) 4 . 

Hyperfocal Distance. The depth of field depends 
also on the distance of the subject: the farther 
from the lens, the greater the depth of field. 

For any one lens aperture, focal length, and 
circle of confusion, there is a point beyond 
which the depth of field behind the subject is 
infinite. The nearest point at which this happens 
is called the hyperfocal distance. It is also the 
near limit of the depth of field when the lens is 
set at infinity. 

When a lens is focused at its hyperfocal 
distance, the depth of field extends from 
infinity to half the hyperfocal distance. At half 
the hyperfocal distance, the depth of field 
extends from the hyperfocal distance to one- 
third of the hyperfocal distance. At one-third 
of the hyperfocal distance, the depth of field 
extends from half to one-quarter, and at one- 
tenth of the hyperfocal distance the depth 
extends from one-ninth to one-eleventh. 

The nearer the focused distance is to the 
hyperfocal distance, the greater the depth of 
field. 

The hyperfocal distance depends on the same 
factors as the depth of field — standard of 
sharpness (circle of confusion), aperture and 
focal length of the lens: 

H = lOOOF/f 

where: H = Hyperfocal distance 
F = Focal length of lens 
f = /-number of aperture 
for a circle of confusion = 1/1 000 of the focal 
length. 

For a higher standard, e.g. 1/2000 of the 
focal length, 

H = 2000F/f 

For an absolute circle of confusion, 

H = F 2 /cf 

where: H = Hyperfocal distance 
F = Focal length of lens 
c = Circle of confusion 
f = /-number of aperture 

All units of measurement must of course be 
the same throughout. 

Simplified Depth of Field. For the same hyper- 
focal distance (fixed by the focal length and 
aperture of the lens) the depth of field values 
are always the same, and depend only on the 
distance at which the lens is focused. This 
simplifies depth of field calculations and tables. 
There is no need to work out the depth of field 
separately for every aperture and for every 



FOCUSING ZONES. Choice of proper fens apertures and 
focusing distances can yield a series of overlapping zones of 
depth of field, stretching from infinity to close limits. This 
obviates individual focusing on the subject, e.g., when there is 
no time. Top: Far zone stretching to infinity. Centre: Medium 
zone of average distances. Bottom: Near zone. 


lens; it can be related directly to the hyperfocal 
distance. 

In terms of the hyperfocal distance the near 
and far limits of the depth of field can be found 
as follows: 

HD 

Dn_ H + D 


where: D n = Near limit of depth of field 
Dr = Far limit of depth of field 
H = Hyperfocal distance 
D = Focused distance 

Used in conjunction with hyperfocal dis- 
tance tables one depth of field table serves for 
all lenses and apertures. Once the hyperfocal 
distance corresponding to the focal length 
and aperture of the lens is known the depths 
of field at any focused distance can be read off 
from the tables. 

Example: a 3 ins. lens at // 12-5 has a hyper- 
focal distance of 20 feet. Similarly, a 1 £ ins. 
lens at//6-3 has the same hyperfocal distance. 
If we focus either lens at 12 feet, the depth of 
field will extend from 7£ to 30 feet. Focused at 
8 feet, the depth of field will go from 5 feet 9 ins. 
to 13£ feet, and so on. 

Any intermediate values not shown in the 
tables can be interpolated by simple proportion. 


306 



DEP 


Zone Focusing. In action photography it is 
useful to know what focusing and aperture 
settings will give sharp focus over the whole 
range of movement of the subject towards or 
away from the photographer. Once the camera 
is set to these figures, no further adjustment is 
necessary while the subject is in the zone. 

All the information for such fixed zone 
focusing adjustments is given in the ordinary 
depth of field tables, but for convenience many 
manufacturers print the figures for a few 
adjacent zones on a plate on the camera, or 
engrave the setting on the lens mount. 

On some cameras, coloured indicating spots 
or arrows mark fixed focus and aperture 
settings which divide the whole range of the 
camera into no more than two or three zones. 
Focusing with such cameras is merely a matter 
of setting the lens to the appropriate Near, 
Average, or Distant Zone. 

Close-up Depth of Field. Close-up pictures call 
for special consideration. 

In copying, for instance, the subject (i.e., the 
original to be copied) is two-dimensional and 
there is no question of getting near and far 
objects sharp. The problem is to find the per- 
missible error in setting up the camera and the 
subject, which is a matter of depth of focus. 

In most close-ups the depth of field is so 
small that the zone of sharpness is in effect a 
flat plane, and the correct viewing distance 
depends only on the scale of reproduction on 
the final print. The smaller the negative the 
more it must be enlarged to give a standard 
scale of reproduction of, say, 1 : 1 , so the circle 
of confusion must be correspondingly smaller. 
It does not depend on the focal length of the 
lens (because, no matter what the focal length, 
the subject is made to fill the whole negative 
area) but on the size of the negative. 

For close-up work of this kind a suitable 
limiting diameter for the circle of confusion is 
about 0 025 mm. on full frame 35 mm. nega- 
tives, 0 0005 in. (0 012 mm.) on half frame 
35 mm. negatives (as used in microcopying), 
0-002 in. on 2£ x 3i ins. (6x9 cm.) negatives, 
0-003 in. (0075 mm.) for the quarter-plate 
(3i x 4i ins.) or 9 x 12 cm. sizes, and so on. 
This is about equivalent to a standard of 
1 /2000 of the focal length under normal con- 
ditions. 

While the normal depth of field equations 
still hold, a value based on the scale of repro- 
duction is often called for. 

Also, at such close distances the depth of 
field is practically the same behind as in front of 
the subject. The depth of field in front of and 
behind the plane of sharp f ocus is: — 
d = fc(M + 1)/M S 

where: d = depth of field behind or in front 
of the subject 

M = Scale of reproduction (image 
size/object size) 
f = /-number of aperture 
c = diameter of circle of confusion 


(all of these measurements in the same units). 

This equation holds for close-up focusing 
with double-extension cameras or with exten- 
sion tubes. 

With positive supplementary lenses there is a 
change in relative aperture which must be 
allowed for by multiplying the /-number by a 
correction factor: 

fc = f x S/(F + S) 
where: fc = /-number of combination 
f = /-number of camera lens 
S = Focal length of supplementary 
lens 

F = Focal length of camera lens 

To find the depth of field at close-up dis- 
tances, ascertain the scale of reproduction for 
the focal length of the lens used and the focus- 
ing distance. 

Then find the depth of field for that scale of 
reproduction and the aperture used in the 
close-up depth of field tables below. 

Correct for supplementary lens if necessary 

Example: With a subject distance of 10 
ins. and a 5 ins. lens the scale of reproduction 
is 1 : 1. If the lens is stopped down to / 8, the 
depth of field as shown in the table below 
will be 0-016 in. in each direction, or 0 032 in. 
in all (approximately 1/32 in.). 

A 1 : 1 scale of reproduction will also result 
from using a 10 ins. supplementary lens with 
a 10 ins. camera lens. If the camera lens is 



LIMIT OF SHARPNESS. Top: When a lens is properly focused on 
on object, the rays of light meet in a point on the film or plate. 
Centre: If the object is nearer the lens, the rays meet farther 
away, and the plate records a blurred disc. Bottom: With 
the object farther away, the rays diverge again before they 
reach the plate, and also form a blur. This blur , or circle of 
confusion, is noticeable as a blur only if it exceeds a certain 
size. Below that size there is thus a range of distances nearer 
and farther away than the correct focusing distance, which 
still yield an acceptably sharp image. That range is the depth 
of field and can be controlled by judicious choice of apertures. 


307 



DEP 


APPROXIMATE HYPERFOCAL DISTANCES (FEET OR FEET AND INCHES) 


Focal Length 
of Lens 

in. cm. 

IS 

2 

2 2 

2 8 

3 5 

Hyperfocal Distance at Aperture f 
4 4 5 5 6 63 8 9 II 

125 

16 

18 

22 

25 

32 

1 

2-5 

55* 

42 

38 

30 

24 

21 

18* 

15 

13* 

10* 

9-3 

7-7 

6-8 

5-3 

4-7 

3-9 

3-4 

2-7 

Ift 

375 

03* 

62* 

57 

44* 

36 

31 

28 

22 

20 

15* 

14 

II* 

10 

7-9 

7-0 

5-9 

5-0 

3-10 

2 

5 

III 

83* 

76 

59* 

47* 

42 

37 

30 

26* 

21 

18* 

15* 

13* 

10* 

9-3 

7-7 

6-8 

5-3 

2* 

6-25 

139 

104 

95 

74* 

59* 

52 

46* 

37 

33 

26 

23 

19 

16! 

13 

Ml 

9-6 

8-5 

6-6 

3 

7-5 

167 

125 

113 

89* 

71* 

62* 

55* 

44* 

40 

31 

28 

23 

20 

15* 

131 

11* 

10 

7-9 

3* 

9 

195 

146 

133 

104 

83* 

73 

65 

52 

46 

36* 

32* 

26* 

23 

IB* 

161 

13* 

1'! 

9-2 

4 

10 

222 

167 

151 

119 

95 

83* 

74 

59* 

53 

41* 

37 

30* 

27 

21 

lei 

15* 

13* 

10* 

4* 

11-2 

250 

187 

170 

134 

107 

94 

83* 

67 

59* 

47 

42 

34 

30 

23* 

21 

17 

15 

l>! 

5 

12-5 

278 

208 

189 

149 

119 

104 

92* 

74* 

66 

52* 

46 

38 

33* 

26 

23 

19 

16! 

13 

5* 

13-7 

— 

230 

208 

164 

131 

1 14 

102 

82 

73 

57* 

51 

41* 

37 

29 

251 

21 

18* 

14* 

6 

16 

— 

250 

22 : 

!79 

143 

125 

III 

89 

79 

62* 

55* 

45* 

40 

31 

28 

23 

20 

15! 

7 

175 

— . 

290 

26. 

208 

167 

146 

130 

104 

92* 

73 

65 

53 

46* 

36* 

321 

26* 

23 

18* 

8 

20 

— 

333 

305 

238 

190 

167 

148 

1 19 

106 

83 

74 

61 

53* 

41* 

37 

30* 

27 

21 

10 

25 

— 

— 

380 

298 

238 

208 

185 

149 

132 

104 

92* 

76 

67 

52 

461 

38 

33* 

26 

12 

30 

— 

— 

455 

357 

285 

250 

222 

179 

159 

125 

1 1 1 

91 

80 

62* 

551 

45* 

40 

31 


Standard of sharpness: circle of confusion = I / 1 000 of the focal length. For a circle of confusion of 1/1500 of the focal 
length or for a 1} x long focus or telephoto lens used with the same camera multiply the hyperfocal distance by I}; 
for 1/2000 of the focal length or a 2x long focus or telephoto lens multiply by 2, and so on. 


APPROXIMATE DEPTHS OF FIELD (FEET AND INCHES) 


Hyperfocal 

Distance 

(Feet) 

2 ft 
(0-6 m.) 

3 ft. 
(0 9 m.) 

Depth of Field at Distance Setting of 
4 ft. 5 ft 6 ft. 

(1-2 m.) (15 m.) (18 m.) 

8 ft 
(2-4 m.) 

10 ft. 
(3 m.) 

12 ft. 
(3-6 m.) 

3 

1-2* to 6-0 

1-6 to co 

1-8* to co 

1—10* to oo 

2-0 to oo 

2-2* to co 

2-3* to oo 

2-5 to ao 

4 

1-4 to 4-0 

1-8* to 12 

2-0 to oo 

2-2* to °° 

2-5 to co 

2-8to oo 

2-10 to ao 

3-0 to oo 

6 

1-6 to 3-0 

2-0 to 9-0 

2-5 to 12 

2-9 to 30 

3-0 to oo 

3-5 to oo 

3-9 to oo 

4-0 to oo 

8 

1-7* to 3-8 

2-2* to 4- 10 

2-8to 8-0 

3-1 to 13* 

3-5 to24 

4-0to co 

4-5 to ao 

4-9to oo 

12 

l-8*to2-4! 

2-5 to 4-0 

3-0 to 6-0 

3—6 to 8—6 

4-0 to 12 

4-10 to 24 

5-5 to 60 

6-0 to oo 

15 

1-9 to 2-3* 

2-6 to 3-9 

3-2 to 5-5 

3-9 to 7-6 

4-3* to 10 

5-3 to 17* 

6-0to30 

6-8 to 60 

20 

1-9* to 2-2* 

2-7 to 3-6* 

3-4 to 5-0 

4-0 to 6-8 

4-7* to 9-4 

5-9 to 13* 

6-8 to 20 

7-6 to 30 

25 

-10* to 2-2 

2-8 to 3-5 

3-5* to 4-9 

4-2 to 6-3 

4-10 to 7-1 1 

6-1 to II! 

7-2 to 16! 

8-1 to 23 

40 

l-l 1 to2-l* 

2-9* to 3-3 

3-7* to 4-5* 

4-5* to 5-9 

5-2 to 7-1 

6-8to 10 

8-Oto 13* 

9-3 to 17* 

50 

-1 1* to 2-1 

2-IOto 3-2* 

3-8* to 4-4 

4-6* to 5-6 

5-4to 6-10 

6-11 to 9-6 

8-4 to 12* 

9-8 to 15! 

75 

-1 1 * to 2-0! 

2-10* to 3-1* 

3-9* to 4-3 

4-8 to 5-4 

5-7 to 6-6 

7-3 to 8-11 

8- 10 to 1 1* 

10* to 14* 

100 

-1 1* to2-0* 

2-1 1 to 3-1 

3-10 to 4-2 

4-9to 5-3 

5-8 to 6-5 

7-5 to 8-8 

9-1 to 1 1* 

10! to 13* 

150 

-II! to 2-0* 

2-1 1 to 3-1 

3-11 to 4-1* 

4-IOto5-2 

5-9 to 6-3 

7-7 to 8-6 

9-4 to 1 0! 

1 1 to 13 

200 

-111 to 2-0* 

2-1 1* to 3-0* 

3-11 to 4-1 

4-10* to 5-2 

5-10 to 6-2 

7-8 to 8-4 

9-6 to 10* 

II* to 12! 

300 

2-0 to 2-0 

2-1 1 * to 3-0* 

3-1 1 * to 4-0* 

4-11 to 5-1 

5-10 to 6-2 

7-9 to 8-3 

9-8to 10* 

1 1 * to 12* 

400 

2-0 to 2-0 

3-0to 3-0* 

3-11* to 4-0* 

4-11 to 5-1 

5-11 to 6-1 

7-IOtoB-2 

9-9 to 10* 

II! to 12* 


APPROXIMATE DEPTHS OF FIELD (FEET AND INCHES) 


Hyperfocal 

Distance 

(Feet) 

is ft. 

(4 J m.) 

20 ft 
(6 m.) 

Depth of Field at Distance Setting of 
25 ft. SO ft. 100 ft. 

(7 5 m.) (15 m.) (30 m.) 

200 ft. 
(60 m.) 

CD 

CD 

3 

2-6 to oo 

2-7 to oo 

2-8* to cd 

2-9* to oo 

2-1 1 to CD 

2-1 1* to CD 

3-0 to cd 

4 

3-2 to oo 

3-4 to oo 

3-5* to oo 

3-8* to oo 

3-10 to oo 

3-1 1 to CD 

4—0 to co 

6 

4-3* to cd 

4-7 * to oo 

4-IOto oo 

5-4 to oo 

5-8to oo 

5-10 to oo 

6-0 to oo 

8 

5-3 to oo 

5-8* to ao 

6-1 to ® 

6-1 1 to oo 

7-5 to cd 

7-8 to oo 

8-0 to oo 

12 

6-8to co 

7-6 to oo 

8-1 to CD 

9-8 to oo 

10! to CD 

1 1* tO CD 

12 to ao 

15 

7-6 to oo 

8-7 to cd 

9—4 to cd 

1 1* to CD 

13 to CD 

14 to CD 

15 to oo 

20 

8-7 to 60 

10 to CD 

1 1* to CD 

14* to CD 

16! to oo 

18* to CD 

20 to oo 

25 

9-4to 37* 

1 1 to 100 

12* to CD 

16! to CD 

20to oo 

2 1 * to CD 

25 to cs 

40 

II to24 

13* to 40 

15* to 67 

22* to oo 

28* to oo 

33* to oo 

40to id 

50 

1 1 * to 2 1 * 

14* to 33* 

16! to 50 

25 to oo 

33* to cd 

40 to CD 

50to oo 

75 

12* to 18! 

IS* to 27 

18! to 37* 

30 to 150 

43 to oo 

54* to oo 

75 to oo 

100 

l3to 17! 

16! to 25 

20to 33* 

33* to 100 

50 to cd 

67 to oo 

100 to CD 

150 

13! to 16! 

17! to23 

21* to30 

37* to 75 

60 to 300 

86 to oo 

150 to oo 

200 

14 to 16* 

18* to 22 

22* to28* 

40to 67 

67 to 200 

100 to CD 

200to oo 

300 

14* to 15* 

18* to 21* 

2 3 1 o 27 

43 to60 

75 to 150 

120 to 600 

300 to oo 

400 

I4f to 15* 

1 9 to 2 1 

23* to 26* 

44* to 57 

80 to 133 

133 to 400 

400 to oo 
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APPROXIMATE HYPERFOCAL DISTANCES (METRES) 


Focal Length Hyperfocal Distance at Aperture f 

of Lens 


cm. 

in. 

IS 

2 

2 2 

2 8 

3 5 

4 

4 5 

5 6 

6 3 

8 

9 

II 

12 J 

: 16 

18 

22 

25 

32 

2-5 

I 

16-7 

12-5 

11-4 

8*9 

7-15 

6*25 

5-55 

4-453-97 

3- 12 

2-78 

2-28 

200 

1-56 

l 40 

1-14 

100 

0-78 

3-75 

It 

25-0 

IBB 

17-1 

13-4 

10-7 

9-40 

i 8-35 

6 70 5 95 

4-67 

4-17 

3-41 

300 

2-34 

208 

1 -7 1 

1-50 

1-17 

5 

2 

33-3 

250 

228 

17-8 

14-3 

12-5 

1 l-l 

8-907-95 

6-25 

5 55 

4-55 

400 

3-12 

2-78 

2-28 

200 

1-56 

6-25 

2* 

*41-7 

31-2 

28-4 

22-3 

17 9 

15-6 

13-9 

1 1-2 

990 

7-80 

6-95 

570 

500 

3-90 

3-47 

2-84 

2-50 

1-95 

7-5 

3 

50 

37*5 

341 

26*8 

21-4 

18-8 

16-7 

13*4 

1 1-9 

9-40 

8 35 

6-80 

600 

4*70 

4-17 

3-41 

3-00 

235 

9 

3* 

60 

450 

410 

321 

25-7 

22-5 

20-0 

16-1 

14-3 

II -2 

10-0 

8-20 

720 

565 

5-00 

4-10 

3-60 

2-81 

10 

4 

67 

50 

45-5 

357 

28-6 

250 

22-2 

17-9 

15-9 

12*5 

III 

9-10 

800 

6-25 

5-55 

4-55 

400 

3-12 

11-2 

4* 

75 

56 

51 

400 

32- 1 

28-1 

25-0 

200 

17-8 

14-1 

12-5 

10-2 

900 

7 00 

6-25 

5-10 

4-50 

3-51 

12-5 

5 

83 

63 

57 

44*5 

357 

31-3 

278 

22-3 

19-8 

15-6 

1 3-9 

1 1-4 

10 0 

7-80 

700 

5-70 

500 

3-90 

13-7 

5* 

— 

69 

63 

490 

39 3 

344 

30-5 

246 

21-8 

17-2 

15-3 

12-5 

11-0 

860 

7-65 

625 

550 

4-30 

15 

6 

_ 

75 

68 

536 

430 

37-5 

33-3 

26-8 

23-8 

18 8 

167 

13 6 

12-0 

935 

8 35 

6-80 

600 

470 

17-5 

7 


88 

80 

63 

50 

43-7 

39 0 

31-1 

27-8 

21-8 

19-4 

15-9 

140 

10-9 

9-70 

7-95 

700 

5-45 

20 

B 

— 

100 

91 

72 

58 

40 

44-5 

358 

31-8 

25-0 

222 

18-2 

16-0 

12-5 

III 

9-10 

800 

6*25 

25 

10 



. . 

1 14 

89 

72 

63 

56 

44-5 

39-7 

31-2 

27-8 

22-8 

20-0 

15-6 

14-0 

11*4 

10-0 

7-80 

30 

12 

— 

— 

136 

107 

86 

75 

67 

54 

47-6 

37 6 

33-3 

27-2 

24-0 

18-7 

16-7 

13-6 

12-0 

9 40 


Standard or sharpness: circle of confusion = 1/ 1000 of the focal length of the lens. For a circle of confusion of 1/1500 of 
the focal length or for a l|x long focus or telephoto lens used with the same camera multiply the hyperfocal distance by 
1 for 1/2000 of the focal length or a 2x long focus or telephoto lens multiply by 2, and so on. 


APPROXIMATE DEPTHS OF FIELD (METRES) 


Hyperfocal Depth of Field at Distance Setting of 


Distance 

(Metres) 

0 6 m. 

(2 ft.) 

0 75 m. 
(2i ft.) 

/ m. 

(3t ft.) 

f-2 m. 
(4 ft.) 

/•5 m. 
(5 ft.) 

2 m. 

(7 ft.) 

2 5 m. 

m m 

4 m. 
(13 f I.) 

0-5 

0-27 to co 

0-30 to oo 

0-33 to oo 

0-35 to oo 

0-38 to oo 

0-40 to oo 

0-42 to oo 

0-44 to oo 

0-75 

0-33 to 3-0 

0-37 to oo 

0-43 to oo 

0-46 to oo 

0-50 to oo 

0-55 to oo 

0-58 to oo 

0-63 to oo 

10 

0-37 to 1-50 

0-43 to 3-0 

0-50 to oo 

0-55 to oo 

0-60 to oo 

0-67 to oo 

0-7 1 to oo 

0-80 to oo 

1-5 

0 43 to 1-00 

050 to 1-50 

0-60 to 3-0 

0-67 to 6-0 

0-75 to oo 

0-86 to oo 

0-94 to oo 

1 -09 to oo 

2-0 

0-46 to 0 86 

0-55 to 1-30 

0-67 to 2-00 

0-75 to 3-0 

0 86 to 6-0 

1-00 to oo 

1*11 to oo 

1-33 to oo 

3-0 

0 50 to 0-75 

0-60 to 1-00 

0-75 to 1 -50 

0 86 to 2-00 

1-00 to 3-0 

1 '20 to 6*0 

1-36 to 15 0 

1*72 to oo 

4-0 

0 52 to 0-71 

0-63 to 0-92 

0 80 to 1-33 

0-92 to 1-72 

1-09 to 2-40 

1-33 to 4 0 

1 -54 to 6-7 

2 00 to oo 

50 

0-54 to 0-68 

0-65 to 0-88 

0-83 to 1 25 

0-97 to 1-58 

115 to 2-10 

1-43 to 3 3 

1 -67 to 5-0 

2-22 to 20 

7-5 

0 55 to 0 66 

0-68 to 0-83 

0-88 to 1-15 

1-03 to 1-43 

1 -25 to 1 88 

1 -58 to 2-73 

1 -88 to 3-8 

2-61 to 8*6 

10 

0 57 to 0-64 

0-70 to 0-81 

0-91 to NO 

1 -07 to 1-37 

1*30 to 1-76 

1 -67 to 2-50 

2-00 to 3-3 

2 85 to 6-7 

15 

0-58 to 0-62 

0-71 to 0-79 

0-94 to 1-07 

I II to 1-31 

1-36 to 1-67 

1 -76 to 2-31 

2-1 5 to 3-0 

3-2 to 5 5 

20 

0-58 to 0-62 

0-72 to 0-78 

0-95 to 1-05 

M3 to 1*28 

1-40 to 1-67 

1-82 to 2-22 

2-22 to 2 86 

3-3 to 5-0 

30 

0*59 to 0-61 

0-73 to 0-77 

0-97 to 1-04 

1-15 to 1 -26 

1-43 to 1-58 

1 -87 to 2-14 

2-31 to 2 73 

3-5 to 4-6 

40 

0-59 to 0-61 

0 73 to 0-77 

0-98 to 1-03 

1-17 to 1-24 

1-45 to 1-56 

1-90 to 2-11 

2 35 to 2-67 

3 6 to 4-5 

60 

0-59 to 0-61 

0-74 to 0-76 

0-98 to 1-02 

1 18 to 1-23 

1-46 to 1-5*4 

1-93 to 2-07 

2 40 to 2-61 

3-7 to 4 3 

80 

0 59 to 0-61 

0-74 to 0-76 

0-99 to 1-01 

1-18 to 1-22 

1-47 to 1-53 

1-95 to 2 05 

2-42 to 2-58 

3-8 to 4 2 

120 

0-60 to 0-60 

0-75 to 0-75 

0-99 to 1-01 

1-19 to 1-21 

1-48 to 1-52 

1-97 to 2-03 

2-45 to 2-55 

3-9 to 4-1 

160 

0-60 to 0-60 

0-75 to 0-75 

0-99 to 1-01 

1 l9to 1-21 

1-49 to 1-51 

1*98 to 2-02 

2-46 to 2*54 

3-9 to 4-1 


APPROXIMATE DEPTHS OF FIELD (METRES) 


Hyperfocal Depth of Field at Distance Setting of 

Distance 5 m. 7 m. 10 m. IS m. 25 m. 40 m. SO m. oo 

(/Metres) (17 ft.) (23 ft.) (33 ft.) (Soft.) (83ft.) (130 ft.) (167 ft.) ao 


0-5 

0-45 to oo 

0-47 to oo 

0 48 to oo 

0-48 to oo 

0-49 to oo 

0-49 to oo 

0-50 to 

oo 

0-50 to 

oo 

0-75 

0-65 to oo 

0-68 to oo 

0-70 to oo 

0-72 to oo 

0-73 to oo 

0-74 to oo 

0-74 to 

oo 

0-75 to 

oo 

10 

0-83 to oo 

0 88 to oo 

0-91 

to oo 

0-94 to oo 

0-96 to oo 

0-98 to oo 

0 98 to 

oo 

1 00 to 

oo 

1-5 

1-15 to oo 

1 -24 to co 

1-31 to oo 

1*36 to oo 

1 *42 to oo 

1-45 to oo 

1-46 to 

oo 

1 50 to 

oo 

2-0 

1-43 to oo 

1-55 to oo 

1-67 to oo 

1-76 to oo 

1-85 to oo 

1 -90 to oo 

1-92 to 

oo 

2 00 to 


3-0 

1-87 to oo 

2- 10 to oo 

2-31 

to oo 

2-50 to oo 

2-68 to oo 

2-79 to oo 

2 83 to 

CD 

3-0 

to 

oo 

4-0 

2-22 to oo 

2*56 to oo 

2-81 

to oo 

3-2 

to oo 

3 5 

to oo 

3-6 

to oo 

3*7 

to 

oo 

40 

to 

oo 

5 0 

2-50 to oo 

2-91 

tO CD 

3-3 

to 00 

3-8 

to oo 

4-2 

to 00 

4-5 

to 00 

4-6 

to 

oo 

5 0 

to 

oo 

7-5 

3-0 

to 30 

3 6 

to 105 

4-3 

to oo 

5-0 

to oo 

5-7 

to oo 

6-3 

to oo 

6 5 

to 

oo 

7-5 

to 

oo 

10 

3 3 

to 10 

4-1 

to 23-3 

5-0 

to oo 

6-0 

to oo 

7-1 

to oo 

80 

to CD 

8-3 

to 

oo 

10-0 

to 

oo 

15 

3-8 

to 7-5 

4 8 

to 13-1 

6-0 

to 30 

7-5 

to oo 

94 

to oo 

10 9 

to 00 

11-5 

to 

oo 

15-0 

to 

oo 

20 

4-0 

to 6*7 

5 2 

to 10-8 

6*7 

to 20 0 

86 

to 60 

11*1 

to oo 

13-3 

to CD 

14 3 

to 

cr 

20-0 

to 

oo 

30 

43 

to 6-0 

5-4 

to 9- 1 

7-5 

to 15-0 10-0 

to 30 

13-6 

to 75 

17-2 

to CD 

18-7 

to 

oo 

30 

to 

oo 

40 

4-4 

to 5-7 

6 0 

to 8 5 

80 

to 13-3 

10-9 

to 24-0 15-4 

to 67 

200 

to CD 

22-2 

to 

oo 

40 

to 

oo 

60 

4 6 

to 5-5 

6-3 

to 7-9 

8-6 

to 12-0 12-0 

to 20-0 17-6 

to 43 

24-0 

to 120 

27-3 

to 300 

60 

to 

oo 

80 

4-7 

to 5-3 

6 4 

to 7-7 

89 

to 1 1-4 12 6 

to 18-5 19- 1 

to 36 

26-7 

to 80 

31 

to 133 

80 

to 

oo 

120 

48 

to 5-2 

66 

to 7-4 

9-2 

to 10-9 1 3-3 

to 17-2 20-7 

to 32 

30 

to 60 

35 

to 86 

120 

to 

oo 

160 

49 

to 5*1 

6-7 

to 7*3 

9-4 

to 10-7 13-7 

to 16-5 21*6 

to 29-6 32 

to 53 

38 

to 73 

160 

to 

(D 
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CLOSE-UP DEPTH OF FIELD (INCHES) 


Aperture 





Depth of Field for Scale of Reproduction 





f 0 1 

(1 : 10) 

0-13 
0 : 8) 

o _ 

02 

0 : 5) 

025 
0 :4) 

033 
0 • 3) 

05 

0 : 2) 

067 
(2 : 3) 

(I 1 : 1) 

15 

(3:2) 

2 

(2: 1) 

25 

(5:2) 

3 

13 : 1) 

2 

022 

014 

0084 

0-060 

0-040 

0-024 

0 012 

0-0075 

0 0040 

00022 

0 0015 

0 0011 

0 0009 

22 

024 

016 

0-092 

0066 

0044 

0026 

0 013 

0-0082 

00044 

00024 

0 0016 

0-0012 

0 0010 

28 

0 31 

020 

0-12 

0-084 

0-056 

0034 

0-017 

0-010 

00056 

0-0031 

0 0021 

0 0016 

0 0012 

3 5 

038 

0 25 

0-15 

0-10 

0070 

0-042 

0020 

0 013 

0-0070 

00039 

0-0026 

0 0020 

0 0016 

4 

044 

029 

0-17 

0-12 

0080 

0048 

0-024 

0 015 

0 0080 

0-0044 

00030 

,,0 0022 

0-0018 

4*5 

049 

0 32 

0-19 

0 13 

0-090 

0-054 

0-027 

0-017 

0 0090 

0-0050 

00034 

0 0025 

0-0020 

56 

062 

040 

023 

0 17 

0-11 

0 067 

0034 

0-021 

0 011 

00067 

00042 

0 0031 

0 0025 

63 

069 

046 

026 

0-19 

0 13 

0077 

0038 

0-024 

0013 

00070 

0 0047 

00035 

0 0028 

8 

0-88 

058 

0 34 

024 

0 16 

0 096 

0-048 

0-030 

0016 

00089 

00060 

00045 

00036 

9 

0-99 

0*65 

0 38 

0-27 

0-18 

0-1 1 

0-054 

0034 

0-018 

0010 

00067 

00050 

00040 

II 

1-21 

079 

0-46 

0-33 

022 

0-13 

0-066 

0 041 

0-022 

0-012 

0-0082 

0-0062 

0-0049 

12-5 

1-37 

090 

0-52 

037 

0 25 

0-15 

0-075 

0 047 

0-025 

0-014 

0-0094 

0-0070 

0-0056 

16 

176 

1-15 

067 

048 

0-32 

0-19 

0096 

0060 

0032 

0 018 

0 012 

0 0090 

0-0071 

18 

1 98 

1-30 

076 

0-54 

0 36 

0-22 

Oil 

0 067 

0-036 

0020 

0 013 

0 010 

0-0080 

22 

242 

1-58 

092 

0 66 

0-44 

026 

0-13 

0 082 

0044 

0-024 

0 016 

0 012 

0-0098 

25 

275 

1-80 

1 05 

075 

050 

0-30 

0-15 

0-094 

0-050 

0028 

0-019 

0 014 

0 011 

32 

3 5 

230 

1-34 

096 

064 

038 

0-19 

0-12 

0-064 

0036 

0024 

0 018 

0-014 

45 

4*9 

3-2 

1-90 

1 35 

0-90 

0-54 

027 

017 

0090 

0050 

0034 

0-025 

0-020 

Circle of confusion 
is twice these figures. 

0001 in. 

The above is the depth of Field at 

each side of the plane of sharp focus. The total depth 






CLOSE-UP 

DEPTH 

OF FIELD 

(MILLIMETRES) 





Aperture 

f 

0 1 

(1 : 10) 

0-13 
(1 :8) 

0- 17 
U : 6) 

02 

(1 =5) 

Depth of Field f or Scale of Reproduction 
0 25 0-33 0-5 0 67 1 

(1 : ■») (1 : 3) (1 : 2) (2 : 3) (1 : 1) 

15 

(3:2) 

2 

(2: 1) 

2 5 

(5:2) 

3 

(3: 1) 

2 

55 

3 6 

2-10 

1-50 

100 

0-60 

0-30 

0-19 

0 10 


0038 

0-028 

0*022 

22 

60 

4-0 

2 31 

1 65 

1-10 

066 

0-33 

0-21 

0-1 1 

0 661 

0-041 

0-031 

0-024 

28 

7-7 

50 

2-94 

2 10 

1 40 

0-84 

0-42 

026 

0-14 


0052 

0-039 

0-031 

3 5 

9-6 

63 

3-7 

263 

1-75 

1-05 

0-57 

0-33 

0-17 

0-097 

0-065 

0-049 

0-039 

4 

no 

7-2 

4-2 

3 0 

200 

1-20 

0-60 

038 

0-20 

01 1 

0-775 

0056 

0044 

45 

12-4 

8-1 

4-7 

3 5 

2-25 

1-35 

067 

0-42 

0-22 

0-12 

0084 

0-063 

0*050 

5-6 

15 4 

10- 1 

5 9 

4-2 

280 

1-68 

0-84 

0-53 

0-28 

0-16 

0-10 

0078 

0-062 

6 3 

17 3 

1 1-7 

66 

4-7 

3-1 

1-89 

0-95 

0 59 

0 31 

0-17 

0-12 

0088 

0-070 

8 

220 

14-4 

8-4 

6-0 

4-0 

2-40 

1-20 

0-75 

0-40 

0-22 

0-15 

0-11 

0-089 

9 

24-7 

16-2 

94 

68 

45 

2-70 

135 

0 85 

0-45 

0-25 

0-17 

0 13 

0-10 

II 

30 

19 8 

115 

82 

5 5 

3 3 

1-65 

1-03 

055 

0-31 

0-21 

0-15 

0-12 

12-5 

34 

22-5 

13- 1 

94 

6-2 

3-7 

1-88 

1-17 

0-62 

0-35 

0-23 

0-17 

0-14 

16 

44 

228 

16-8 

12-0 

80 

48 

2-40 

1-50 

0-60 

0-44 

0 30 

0-22 

0*18 

18 

49 

32 

18-9 

13 5 

9-0 

5 4 

2-70 

1 69 

0-90 

0-50 

0-34 

0-25 


22 

60 

40 

23-1 

16 5 

1 1-0 

6-6 

3-3 

206 

1-10 

0 61 

0-41 

0-30 

0-24 

25 

69 

45 

26-2 

IB-7 

12-5 

7 5 

3-7 

2-35 

1-25 

070 

0-47 

0*35 

028 

32 

88 

58 

34 

24-0 

16 0 

9 6 

48 

3-0 

1-60* 

089 

0-60 

0-45 

0*36 

45 

124 

81 

47 

34 

22-5 

13 5 

6 7 

4-2 

2-25 

1-25 

084 

0 62 

0*50 


Circle of confusion 0*025 mm. The above is the depth of field at each side of the plane of sharp focus. The total 
depth is twice these fifures. 
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stopped down to / 8, the correction factor for 
the /-number (for an object at infinity) is 
10/(10 + 10), i.e., £, and the effective f- 
number becomes / 4. The depth of field is 
then 0 008 in. in each direction, or 0 016 in. 
altogether (approximately 1 / 64 in.). 

Limits of Sharpness. The depth of field calcula- 
tions assume that the degree of sharpness corres- 
ponding to the chosen limiting circle of con- 
fusion is obtainable. There are, however, two 
reasons why this is not always possible. 

(1) At large apertures the definition given by 
the lens may fall short of the assumed standard. 
That is because of aberrations which are 
usually most prominent at large apertures. 

(2) At very small apertures, the sharpness of 


the image is destroyed by the diffraction of 
light at the edges of the diaphragm. The smaller 
the aperture, the greater the diffraction. The 
actual depth of field therefore increases much 
more rapidly than the geometrical formula sug- 
gests, again with a limited and progressively 
inferior image sharpness. 

So to keep within any adopted standard of 
sharpness, the lens must not be stopped down 
below a certain limiting aperture, depending 
on the circle of confusion chosen as the 
standard. L.A.M. 

See also: Circle of confusion; Depth of focus; Optical 
calculations; Zone focusing. 

Books: Depth of Focus, by A. Cox (London); Photo- 
graphic Optics, by A. Cox (London). 


DEPTH OF FOCUS 


When the camera lens is focused on an 
object there is one position where the image is 
sharpest. The sharpness falls off as the film or 
plate is moved away from this position of 
exact focus. But there is a certain range of 
focusing movement within which it is not 
possible for the eye to detect the difference 
between a sharp and a very slightly blurred 
image. This zone of latitude is the depth of 
focus. 

The depth of focus depends on the diameter 
of the circle of confusion, on the lens aperture, 
and on the distance between the lens and the 
image. 

The depth of focus extends as far in front of 
the image plane as behind it. It is given by the 
formula: 



where: d = Depth of focus in either direction 
c = Limiting circle of confusion 
v = Distance between lens and image 
f = /-number of lens aperture 
F = Focal length of the lens 
The total depth of focus, i.e. the total 
permissible film movement, is twice this value. 
In terms of subject distance: 



where: d = depth of focus in either direction 
c = Limiting circle of confusion 
D = Distance of subject 
f = /-number of lens aperture 
F = Focal length 

The depth of focus is directly proportional 
to the /-number; the larger the aperture, the 
smaller the depth of focus. 

Effect of Subject Distance and Focal Length. As 
the subject is brought nearer to the camera, the 
ratio D/(D — F) increases, and the depth of 
fbcus also increases. This is exactly opposite to 
the effect on the depth of field. 


And as the focal length of the lens increases, 
the ratio of D/(D — F) also increases, and with 
it the depth of focus. This again is the opposite 
of the effect on the depth of field. 

But the effect of the focal length is only 
appreciable at near focusing distances. If the 
subject distance is very much greater than the 
focal length, the ratio D/(D — F) becomes nearly 
equal to 1. In that case the depth of focus 
becomes the product only of the circle of 
confusion and aperture, and is not affected by 
the focal length of the lens. 

Standard of Sharpness. Finally, the stricter the 
standard of sharpness, i.e. the smaller the circle 
of confusion, the smaller the depth of focus. 

If the diameter of the circle of confusion is 
1/1000 of the focal length, the depth of focus is: 

, FDf 

d ~ 1000 (D - F) 

where: d = Depth of focus in either direction 
F = Focal length of lens 
D = Distance of focused subject 
f = /-number of lens aperture 
The circle of confusion is not a fixed quantity ; 
it depends on the viewing distance of the final 



DEPTH OF FOCUS VARIATIONS. Unlike depth of field, depth of 
focus increases for close subject distances because the cone of 
rays coming from the lens is longer and more pointed. 


311 



DEP 


APPROXIMATE DEPTH OF FOCUS AT INFINITY SETTING (MILLIMETRES) 


Hyperfocal 

Distance 

(Metres) 

25 

/ 

J75 

li 

5 

2 

625 

2i 

7-5 

3 

Depth of Focus for a Focal Length of 
9 10 11 2 12 5 138 15 

3k 4 4k 5 5k 6 

/ 7-5 
7 

20 

0 

25 

10 

30 cm. 

12 inches 

0-5 

1*3 

2-8 

5-2 

— 

— 


— 

— 

— 

— 

— 





— 

— 

075 

0-84 

1-9 

3-3 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

0-63 

1-4 

2-5 

3-9 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1*5 

0-42 

0-93 

1-7 

2-6 

3-8 

5-4 

— 

— 

— 

— 

— 

— 

— 

— 

— 

2 

0-32 

0-70 

13 

1-9 

2-8 

4-0 

5-0 

6-3 

— 

— 

— 

— 

— 

— 

— 

3 

0*21 

0-47 

0-63 

1-3 

1-9 

2-7 

3-3 

4-2 

5-2 

6-3 

7-5 

— 

— 

— 

— 

4 

016 

0-35 

0-63 

1-0 

1-4 

2-0 

2-5 

3-1 

3-9 

4-7 

5-6 

7-7 

10-0 

— 

— 

5 

013 

0-28 

0-50 

0-78 

l-l 

1-6 

2-0 

2-5 

3-1 

3-8 

4 5 

61 

8 0 

12-5 

— 

7-5 

0-083 

0-19 

0-33 

0-52 

0-75 

II 

1-3 

1-9 

2-4 

2-9 

3 5 

4-7 

5 3 

8-3 

1 3-8 

10 

0-063 

0-1-4 

0-25 

0-39 

0-56 

0-81 

1-0 

1-3 

1-6 

1-9 

2-2 

3-1 

4-2 

6-0 

9-0 

15 

0-0-42 

0-093 

0-17 

0-26 

0-38 

0-54 

0-67 

0-84 

1-0 

13 

1-5 

2-0 

2 7 

4-2 

60 

20 

0-031 

0-070 

0-13 

0 19 

0-28 

0-40 

0-50 

0-63 

0-78 

0-95 

l-l 

1-5 

20 

3-1 

4-5 

30 

0-021 

0-047 

0-083 

0-13 

0-19 

0-27 

0-33 

0-42 

0-52 

063 

0-75 

1-0 

1-3 

2 1 

3-0 

40 

0-016 

0-035 

0-063 

0-10 

0-14 

0-20 

0-25 

0-31 

0-39 

0-47 

0-56 

0-77 

10 

1-6 

2-2 

60 

0-010 

0-023 

0-042 

0-065 

0-094 

0-13 

0*17 

0-21 

0-26 

0-31 

0-37 

0 51 

0-67 

10 

1-5 

80 

0-008 

0-016 

0-032 

0-049 

0-070 

0-10 

0-12 

0-16 

0-19 

0-24 

0-28 

038 

0-50 

0-78 

l-l 

120 

0-005 

0-012 

0-021 

0-033 

0-047 

0-067 

0-083 

0-11 

0-13 

0-16 

0-19 

0-26 

0-33 

0-52 

0-75 

160 

0-00-4 

0 009 

0-016 

0-024 

0-035 

0-051 

0-062 

0-079 

0-097 

0-12 

0-14 

0-19 

0-25 

0-39 

0 56 

This is the depth of focus at each side of the plane of sharpest focus. The total depth is twice as great. 



APPROXIMATE 

DEPTH OF FOCUS AT INFINITY 

SETTING (INCHES) 




Hyperf o cal 





Depth of Focus for a Focal Length of 






Distance 
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2 

2i 

3 

n 

4 


5 

it 

6 

7 

0 

10 
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25 3 75 

5 
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10 
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20 

25 
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0-11 

— 

— 

— 

— 
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— 
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4 

0-021 0-047 
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0-13 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

6 

0-014 0-031 

0-056 

0-087 

0-13 

0*17 

— 

— 

— 

— 

— 

— 

— 

— 

— 

8 

0-01 1 0-023 

0-042 

0-065 

0-094 

0-13 

0- 17 

— 

— 

— 

— 

— 

— 

— 

— 

12 

0-0070 0-016 

0-028 

0-043 

0-063 

0-085 

0-11 

0-14 

0 17 

0-21 

0-25 

0-34 

— 

— 

— 

15 

0-0056 0-012 

0-022 

0-035 

0-050 

0-068 

0-089 

0-11 

0-14 

0-17 

0-20 

0-27 

0-36 

— 

— 

20 

0-0042 0-0094 0-017 

0-026 

0-037 

0-051 

0-067 

0-084 

0-10 

0-13 

0-15 

0-20 

0-27 

0-42 

— 

25 

0-0033 0-0075 

0-012 

0-021 

0-030 

0-041 

0-053 

0-068 

0-083 

0-10 

0-12 

0* 16 

0-21 

0-33 

0-48 

40 

0-0021 0-0047 0-0083 

0-013 

0-019 

0-025 

0-033 

0-042 

0-052 

0-063 

0-075 

0-10 

0-13 

0-21 

0-30 

50 

0-0017 0-0037 0-0062 

0-010 

0-015 

0-020 

0-027 

0-034 

0-042 

0-050 

0-060 

0-082 

0-11 

0-17 

0-24 

75 

0 00 II 0 0025 

0-0044 

0-0070 

0-010 

0-014 

0-018 

0-023 

0-028 

0-034 

0-040 

0-054 

0-071 

0-11 

0-16 

100 

0-0008 0-0019 

0-0033 

0-0052 

0-0075 

0-010 

0-013 

0017 

0-021 

0-025 

0-030 

0-041 

0-053 

0-083 

0-12 

150 

0-0006 0-0012 

0-0022 

0-0035 

0-0050 

0-0068 

0-0089 

0 011 

0-014 

0-017 

0-020 

0-027 

0-036 

0-056 

0-080 

200 

0-0004 0-0009 

0-0017 

0-0026 

0-0037 

0-0051 

0-0067 

0-0084 0-010 

0-013 

0-015 

0-020 

0-027 

0-042 

0-060 

300 

0-0003 0-0006 

0-001 1 

0-0017 

0-0025 

0-0034 

0-0044 

00056 

0-0070 0-0084 0-010 

0-014 

0-018 

0-028 

0-040 

400 

0-0002 0 0005 

0 0008 

0-0013 

0-0019 

0-0025 

0-0033 

00042 

0-0052 

. 0-0063 

0-0075 

i 0-010 

0-013 

0-021 

0-030 


This is the depth offocusat each side of the plane of sharpest focus. The total depth is twice as great. 
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CLOSE-UP DEPTH OF FOCUS (INCHES) 


Aperture 

f 01 013 

(1 : 10) (1 : 8) 

0-17 
(1 :6) 

0-2 

(1 :5) 

Depth of Focus for Scale of Reproduction 
0-25 0-33 05 0-67 1 
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0-0024 
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0-0033 

0-0040 
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0-0060 
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0 0024 
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0 0026 
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0 0020 

0-0033 
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0-0044 

0-0055 

0-0066 

0 0077 

00066 

2-0 

0-0031 

0-0032 

00033 

0-0034 

0-0035 

00037 

0-0042 

0 0047 

0-0056 

00070 

0 0004 

00090 

0-01 1 

3-5 

0-0030 

0-0040 

0-0041 

00042 

0 0044 

0-0047 

00052 

0-0056 

0-0070 

00007 

0-010 

0-012 

0 014 

4 

0-0044 

0 0045 

00047 

0 0040 

00050 

0-0053 

0-0060 

0-0067 

o-ooeo 

0-010 

0-012 

0-014 

0-016 

4-5 

00050 

0-0051 

00053 

00054 

0-0056 

0-0060 

0 0060 

0-0075 

0 0090 

0-01 1 

0-013 

0 016 

0 010 

56 

0 0062 

00063 

0 0065 

0-0067 

0-0070 

00075 

0-0004 

0-0093 

0 01 1 

0014 

0 017 

0020 

0022 

6-3 

00069 

0-0071 

0-0074 

0-0076 

00079 

0-0064 

0-0095 

0-010 

0013 

0 016 

0 019 

0022 

0-025 

6 

0 0000 

0-0090 

0-0093 

0 0096 

0-010 

0-01 1 

0-012 

0-013 

0-016 

0-020 

0024 

0020 

0032 

9 

0-0099 

0-010 

0-010 

0-01 1 

0 011 

0-012 

0-013 

0 015 

0 010 

0-022 

0-027 

0 031 

0036 

II 

0012 

0-012 

0 013 

0 013 

0-014 

0-015 

0-016 

0-016 

0022 

0027 

0-033 

0030 

0044 

12-5 

0 014 

0014 

0 015 

0-015 

0016 

0-017 

0-019 

0-021 

0025 

0 031 

0-037 

0 044 

0050 

16 

0-010 

0-010 

0 019 

0 019 

0020 

0-021 

0-024 

0027 

0032 

0040 

0050 

0056 

0064 

10 

0020 

0020 

0021 

0-022 

0-022 

0-024 

0-027 

0-032 

0-036 

0045 

0054 

0063 

0072 

22 

0-024 

0025 

0026 

0-026 

0-027 

0-029 

0033 

0037 

0044 

0055 

0 066 

0077 

0000 

25 

0020 

0020 

0029 

0030 

0 031 

0033 

0037 

0-042 

0050 

0 062 

0-075 

0007 

0-10 

32 

0035 

0036 

0037 

0030 

0040 

0043 

0040 

0053 

0-064 

0060 

0-096 

0-1 1 

0 13 

45 

0050 

0-051 

0053 

0-054 

0-056 

0-060 

0-060 

0075 

0090 

0-11 

0 13 

0-16 

0-10 


This is the depth of focus at each side of the plane of sharpest focus. The total depth is twice as great. Limiting circle 
of confusion: 0 001 inch. 


CLOSE-UP DEPTH OF FOCUS (MILLIMETRES) 


Aperture 

f 

0 1 

(1 : 10) 

0-13 
(1 :0) 

0-17 
(1 : 6) 

02 

(1 :5) 

Depth of Focus for Scale of Reproduction 
0 25 0-33 05 067 1 

(1 : 4) (1 : 3) (1 : 2) (2 : 3) (1 : 1) 

1-5 

(3:2) 

2 

(2 : 1) 

2-5 

(5 : 2) 

3 

(3: 1) 

2 

0-055 

0-056 

0-050 

0060 

0-062 

0-067 

0-075 

0-003 

0-10 

0 12 

0 15 

0-17 

0-20 

2-2 

0-061 

0-062 

0064 

0-066 

0-069 

0-074 

0 062 

0-092 

0-11 

0-14 

0-16 

0 19 

022 

20 

0-077 

0-079 

0-002 

0004 

0-007 

0096 

0-10 

0-12 

0-14 

0- 17 

0-22 

0-24 

020 

3 5 

0096 

0-099 

0-10 

0-10 

Oil 

0-12 

0-13 

0-14 

0-17 

022 

0-26 

0-31 

035 

4 

0-11 

0-11 

0-12 

0-12 

0-13 

0 13 

0.15 

0-17 


025 

030 

0-35 

0-40 

4-5 

0-12 

0-1 3 

0-13 

0-14 

0-14 

0-15 

0 17 

0- 19 

022 

0-20 

0-34 

0-39 

0-45 

5-6 

0-15 

0-16 

0-16 

0 17 

0-17 

0-19 

0-21 


0-20 

0-35 

0-42 

0-44 

0-56 

6-3 

0-17 

0 17 

0-10 

0-19 

0-20 

0-21 

0-23 

0-26 

0-31 

0-39 

0-47 

0-55 

0-63 

0 

0-22 

0 23 

0-23 

024 

0-25 

0-27 

0 30 

0 33 

0-40 

050 

060 

070 

0 00 

9 

0-25 

0-25 

0-26 

0-27 

020 

0-30 

0-34 

0-37 

04S 

0-56 

0-67 

079 

0 90 

II 

0-30 

0-3 1 

0-32 

033 

0-34 

0-37 

0-41 

0-46 

055 

0-69 

002 

0-96 

1-10 

12-5 

0-34 

0-35 

0-36 

0-37 

0-39 

0-42 

0-47 

0-52 

0-62 

0-70 

094 

1 05 

1-25 

16 

0-44 

0-45 

0-47 

0-40 

0-50 

0-54 

0-60 

0-67 

0 90 

100 

1-20 

1-40 

16 

10 

0-50 

0-51 

0-53 

0-54 

0-56 

0 60 

060 

075 

090 

1 12 

1-35 

16 

10 

22 

0-61 

0-62 

0-64 

0-66 

0.69 

0-74 

0-02 

0-92 

NO 

1-37 

1-6 

1-9 

2-2 

25 

0-69 

0-70 

0-73 

0-75 

0-70 

0-03 

0-94 

1-04 

1-25 

1-6 

1-9 

2-2 

2-5 

32 

000 

0-90 

0-94 

0-96 

1-00 

1-07 

1-20 

1-33 

1-6 

2-0 

2-4 

2-0 

3-2 

45 

1-24 

1-27 

1-31 

1-35 

1 41 

1-50 

1-7 

1-9 

2-2 

2-0 

3-4 

3-9 

45 


This Is the depth of focus at each side of the plane of sharpest focus. The total depth is twice as great. Circle of confusion: 
0 025 mm. 
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DEPTH OP FOCUS AND APERTURE. Depth of focus increases 
the more the lens is stopped down because this decreases the 
angle of the cone of rays from the lens. At a small stop, there- 
fore, the diameter of the cone reaches the limiting diameter of 
the circle of confusion more gradually and the film can be dis- 
placed more from the plane of maximum sharpness. 


print, on the focal length of the lens, and on the 
scale of enlargement. 

Hyperfocal Distance and Depth of Focus. The 
depth of focus is related to the hyperfocal 
distance by the formula : 

... F 2 D 
d “ H(D - F) 

where: d = Depth of focus in either direction 
F = Focal length of the lens 
D = Distance of focused subject 
H = Hyperfocal distance of lens 

The depth of focus given by any one of a 
range of lenses can be read off directly from the 
tabulated values of the formula in the tables. 


All measurements must of course be in the 
same units. 

To find the depth of focus of any lens set at 
infinity: look up the hyperfocal distance in 
the tables, then read off the corresponding 
depth of focus in the tables. 

The tables are accurate within 10 per cent, 
provided the subject distance is more than 10 
times the focal length. Thus for a 4 ins. lens 
we can use the figures down to a focusing 
distance of about 3J feet; for a 5 cm. lens down 
to about 0-5 m. 

Close-up Depth of Focus. At close distances the 
depth of focus greatly increases. This is clear 
from the normal depth off ocus equation. 

In close-up work it is often necessary to know 
the depth of focus at various scales of repro- 
duction. This is given by the equation : 
d = c(M + l)f 

where: d = Depth of focus in either direc- 
tion 

c = Circle of confusion 

M = Scale of reproduction (= image 
size/object size) 

f = /-number of lens aperture 

This holds only for focusing by camera exten- 
sion. It does not apply to the use of positive 
supplementary lenses when the effective /- 
number, and therefore the depth of focus, is 
decreased. But the same equation can be made 
to serve by multiplying the /-number by a 
correction factor: 


where : f s = /-number of combination 
f = /-number of camera lens 
F = Focal length of camera lens 
S = Focal length of supplementary 
lens 

A range of values of the formula is tabulated 
above. The depth of focus of any normal lens 
used for close focusing can be read off from this 
table: first find the scale of reproduction 
for the particular lens and focusing distance, 
then read off the depth of focus for that scale 
of reproduction and the aperture used in 
the tables. (Correct if necessary for change in 
/-number by supplementary lenses.) L.A.M. 

Sec also: Circle of confusion; Depth of field; Optical 
calculations. 

Books: Depth of Focus, by A. Cox (London); Photo- 
graphic Optics, by A . Cox (London). 


DERMATITIS. Name given to a group of skin 
conditions. Sometimes produced by direct 
contact with certain processing chemicals. 

Sec also: Skin affections. 

DESENSITIZING. Certain dyes, called desen- 
sitizers, reduce the sensitivity of an exposed 
film or plate to light, without greatly affecting 
the latent image, So they can be used for 
developing negative materials by a much 


brighter safelight than usual. This is a great 
help in development by inspection and factorial 
development, though in some cases the actual 
factor is changed by the action of the desensi- 
tizer. 

When they have been desensitized, slow 
orthochromatic materials can be developed by 
subdued white light, fast ortho films and plates 
by the sort of orange safelight normally used 
for bromide papers and fast panchromatic 
materials by a bright green safelight. 
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At least one safelight on the market is made 
specially for desensitized panchromatic films 
and plates. 

Red safelights are not suitable for desensitized 
panchromatic material because when certain 
desensitizers such as phenosafranine are present 
the red light attacks the latent image. 

Colour of the dye has little direct influence on 
the degret of desensitization. The exact 
mechanisrr of the effect is not yet understood, 
but all the desensitizers may be considered as 
weak oxidants having the ability to trap photo- 
electrons that are released within the silver 
halide grains by the action of actinic light. 

Desensitizers are best employed as a forebath. 
A few can even be added to the developer itself, 
but many have an adverse effect on the action 
of the developer. Fine grain developers of the 
ortho- or para-phenylene diamine type are not 
suitable for developing desensitized films or 
plates. Fortunately, these developers are mostly 
used for developing miniature films in tanks 
where there is no need for desensitization. 
Method. In practice the film or plate is immersed 
in the desensitizer for 2-3 minutes in darkness, 
or by the normal safelight. It is then rinsed, 
transferred to the developer and developed by 
the appropriate bright safelight. Where the 
desensitizer is mixed with the developer, the 
bright safelight can be switched on after about 
2-3 minutes development in total darkness. 
Dyes. The useful desensitizing dyes are pina- 
cryptol green, pinacryptol yellow, pinacryptol 
white, and phenosafranin. The first two should 
only be used as a forebath ; the others may be 
used either as a forebath or in the developer. 
Phenosafranin has the disadvantage of staining 
the emulsion red. 

A number of proprietary desensitizers are 


also on the market under various trade names. 

An average working concentration is about 
1 part in 5000 of water (or developer), usually 
obtained by diluting a 0-5 per cent stock 
solution. 

Other Desensitizers. The oxidation products of 
certain developers have a desensitizing influence. 
For instance, a 1 per cent solution of metol 
(containing about 0-2 per cent each of sodium 
carbonate and potassium bromide), which has 
been oxidized by blowing air through the 
solution, or by long exposure to the air in an 
open dish, can be used as a desensitizing fore- 
bath. L.A.M. 

DETECTIVE CAMERA. Another name for a 
small camera disguised as some familiar 
object — e.g., a book or pocket watch — used 
for taking pictures unseen by the subject. 

See also: Spy camera. 

DEVELOPER IMPROVER. Several organic 
substances known as developer improvers are 
sometimes included in the developer either 
instead of, or in addition to, the restrainer. The 
chemicals used are benztriazole, 6-nitro- 
benzimidazole, and 3 :5 - dichloro - 2 - amino 
pyridine. They have very high anti-fogging 
properties when present in the developer in 
very small quantities — often less than 01 per 
cent. 

Developer improvers do not greatly affect the 
activity or other properties of the developer; 
they merely keep down fog, including fog 
caused by lengthy or bad storage of the sensitive 
material. 

Developer improvers are sold either in solid 
form or in solution under various trade names. 


DEVELOPERS 


A developer converts the invisible latent 
image formed during exposure into a visible 
form. It does this by changing into black 
metallic silver the silver salt compounds in the 
film or plate that have been affected by light. 

Developers are sold either in ready-mixed 
powder forms or in made-up stock solutions 
which have only to be dissolved or diluted in 
water to be ready for use. 

Many photographers choose to make up 
their own developer from one of the multitude 
of published formulae. 

A developer usually consists of : — 

(1) A developing agent: this does the actual 
work of converting the silver compounds in the 
sensitive material into a silver image. Some 
developers use more than one of these agents. 

(2) A preservative: this stops the developer 
from deteriorating too rapidly. 

(3) An alkali: most developing agents are 
only active in alkaline solution. 


(4) A res trainer: this may be included to 
reduce f og during development. 

Some fine-grain developers contain, in 
addition to the other ingredients, a solvent of 
silver salts. This is usually potassium thio- 
cyanate or sodium thiosulphate (hypo) which 
dissolves some of the silver bromide in the 
emulsion so that the solution acts partially like 
a physical developer. To some extent the high 
concentration of sodium sulphite in most fine- 
grain developers does the same thing. 

There are also one or two substances some- 
times added which do not affect the charac- 
teristics of the developer as such, but help to 
give clean negatives. These include water 
softeners like Calgon (sodium hexametaphos- 
phate), developer improvers and wetting agents. 

Calgon prevents the formation of a precipi- 
tate in a developer solution made with hard 
water. This precipitate is chemically harmless, 
but it may settle on the film and stop the 
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developer from reaching the image evenly. This 
may cause small light spots on the negative. 

Developer improvers help to minimize fog. 
They are added to a developer in extremely 
small quantities and can be quite additional 
to the restrainer. They are particularly useful 
when stale materials are being developed. 

Wetting agents are added to developers to 
ensure uniform wetting of the emulsion sur- 
face when the film or plate is immersed in the 
solution. This reduces the risk of white spots 
due to air bells on the negative. 


NEGATIVE DEVELOPERS 

Negative developers can be classified broadly 
as: 

(1) Normal contrast developers. 

(2) High contrast developers. 

(3) Low contrast developers. 

(4) Formulae with special characteristics, 
such as high speed developers, tanning de- 
velopers, etc. 

(5) Various degrees of fine grain formulae. 

The properties of any developer depend, 

however, as much on the relative proportions 
of the ingredients as on their chemical nature. 
The chemical process of development is much 
the same for all developers. The activity and 
other characteristics can be altered in many 
cases just as effectively by using more or less 
of, say, the alkali, as by changing from one 
alkali to another. Only a small range of 
chemicals is therefore necessary to produce 
developers of widely varying characteristics. 
Metol-Hydroquinone Developers. The most 
popular normal negative developer is a 
combination of metol and hydroquinone, or 
M.Q. This is the standard formula recom- 
mended by most manufacturers of films and 
plates. M.Q. developers combine the charac- 
teristics of metol (high film speed and good 
gradation) with those of hydroquinone (high 
density and contrast). 

Most M.Q. formula are of the following 
type: 

Matol 8-35 grains 0-5- 2 grams 

Sodium sulphite, anhyd. |-2i ounces 12-60 grams 

Hydroquinone 30-120 grains 2-6 grams 

Sodium carbonate, 

anhyd. |-IJ ounces 10-30 grams 

Potassium bromide 2-20 grains 0-1- I grams 

Water to make 40 ounces 1,000 c.cm. 

This represents the relative proportion of 
the ingredients rather than the exact dilution. 
Usually the developers are made up in the 
form of more or less concentrated stock solu- 
tions which are then diluted about two to five 
times for dish development, and five to fifteen 
times for tank development. The development 
times naturally depend on the concentration as 
well as on the amount of agitation. The time 
for medium speed films and normal intermit- 
tent agitation is about eight to ten minutes at 
65° F. (18-4° C.), with the above concentration. 

316 


These proportions are characteristic of mtny 
standard developers such as Focal Uni venal, 
Ilford ID-2, Kodak D.72, etc. 

The normal metol : hydroquinone ratio is 
1 : 4. This may be decreased to about 1 : 2 
(e.g., in Ansco 47, Defender 3D, or Kodak 
D-61 a) to produce a softer developer. i 

As an alternative to metol, Phenidone is I 
used in a number of developers; the Phenidone 
concentration is then about one-tenth to me. 
fifteenth the metol it replaces. ( 

The usual sodium sulphite proportion does 1 
not vary much beyond the limits indicated, but 
occasionally a little sodium bisulphite or 
potassium metabisulphite is included (as in 
Ansco 47, Defender 3D, Ilford ID-34, Kodak 
D-61 a, etc.). 

The alkali concentration varies to a greater 
extent. It may fall to as low as one-quarter of 
the value given (again in Ansco 47, Ilford 
ID-34, Kodak D-61a), though it is rarely 
higher than 1 -5 percent at normal tank strength. 
The alkali content greatly influences develop- 
ment time. This accounts to some extent for 
the wide range of different development times 
quoted for standard M.Q. developers. 

Potassium carbonate is sometimes used in- . 
stead of the sodium salt. The equivalent con- 
centration to produce the same pH at this level 
is very roughly the same. At high dilutions of 
the developer seven parts of potassium carbon- 
ate produce the same pH as about six parts of 
sodium carbonate. In their effect on the 
developer, one is as good as the other, but 
sodium carbonate ischeaperand more popular. 

Sodium metaborate or Kodalk can be used in 
normal M.Q. developers with the following 
advantages: the energy of the developer is 
more easily controlled; there is less likeli- 
hood that aluminium carbonate will be preci- 
pitated from hardening fixers containing alum ; 
no gas (carbon dioxide) is given off when the 
developer is neutralized in certain types of 
stop bath or acid fixer. This is particularly 
important in hot weather development where 
the emulsion easily forms blisters in any case. 

(Sodium metaborate can also be made by 
mixing one part sodium hydroxide with about 
five parts borax, both being dissolved in 
water. This is equivalent to about seven parts 
of sodium metaborate.) 

Caustic alkalis are rarely used in M.Q. 
developers. 

The proportion of potassium bromide re- 
mains high to keep fog as low as possible, 
particularly with certain high speed films and 
plates. This slows down development, but is 
otherwise unimportant. 

Pyro-Soda Developers. Pyro is one of the 
traditional developing agents and is still 
popular with individual workers for developing 
plates by inspection. It tends to give thin, crisp 
negatives with excellent contact-printing quality. 
Unfortunately it also stains fingers and dishes 
(early photographers could generally be 
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COMPARISON OF STANDARD METOL-HYDROQU1NONE DEVELOPERS 



Ansco Defender Gevaer t 
61 53 D G-201 

Focol 

Univer- 

sal 

Ilford 

ID-2 

Kodak 
D- 72 

Ansco Defender Ilford 
47 3D ID-34 

Kodak 

D-6lo 

Ansco 

48M 

Kodak 
DK- 50 

Kodak 

DK-60a 

Metol 

I 

1 

0-4 

0-5 

0-7 

05 

075 

0-8 

06 

0-0 

2 

2-5 

2-5 

Hydroquinone 

2 

4 

15 

1-0 

2-7 

2 

1-5 

15 

2-5 

15 

15 

2-5 

2-5 

Sodium sulphite, 
enhyd. 

15 

15 

12 

12 5 

25 

75 

22-5 

22-5 

10 

225 

40 

30 

60 

Sodium bisul- 
phite 




, 

_ 





0-5 

0-5 

2-5 

0-5 




_ 

Sodium carbonate, 
anhyd. 

13 

22 

e 

12*5 

12 5 

n 

2-5 

2-9 

10 

2-9 

— 





Sodium metaborate — 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10 

— 

— 

Kodalk 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

10 

20 

Potassium 

bromide 

! 

0-6 

05 

0-16 

0 6 

0-3 

0-4 

0-43 

0-3 

0-4 

0-5 

0-5 

0-5 

Water to make 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 1 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Tank strength ... 

Above 

Above 

Above 

Half 

above 

Half 

above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 

Above 


The quantities given represent parts in 1 ,000 parts of water, i.e., grams per litre. 


recognized by their blackened finger-nails). 

Pyrogallic acid does not keep well in alka- 
line solutions so it is nearly always made up 
separately as a stock solution with potassium 
metabisulphite or sodium bisulphite. 

The normal pyro concentration in the work- 
ing solution is about 0 05-01 per cent. Some 
developers, however (notably Kodak D-177 
and D-190) contain up to 0-6 per cent. 

The amount of sodium sulphite used varies 
between about 0-6 and 2-5 per cent. Pyro 
developers containing little sulphite stain the 
film yellow; formulae with a high sulphite con- 
centration are much cleaner working, and can 
even be diluted considerably for use as tank 
developers. But for the most part pyro deve- 
lopers are used for development by inspection. 

The alkali is generally sodium or potassium 
carbonate. Caustic alkalis have also been used, 
'it they increase the staining action of the 
eloper and so need more sulphite. The 
amount of sodium carbonate in the working 
solution varies front about 0-8 to 18 per cent 
of anhydrous salt. 

The proportion of potassium bromide in 
most normal formulae is about 0-1—1 gram 
per litre of working solution (2-20 grains per 
40 ounces). Potassium bromide in a pyro 
developer reduces the effective speed of the 
negative material and it can be added during 
dish development by inspection to compensate 
.‘or over-exposure. 

The following is a typical pyro-soda de- 
veloper formula (Ilford ID-1): 


Stock solution A. 


Pyro 

Potassium metabi- 

00 

grains 

5 

grams 

sulphite 

22 

grains 

I* 

2 grams 

Water to make 

2 

ounces 

50 

c.cm. 

Stock solution B 
Sodium carbonate. 





anhyd. 

1 ounce 

20 

rams 

Sodium sulphite, anhyd. 

1 

ounce 

25 

grams 

Potassium bromide 

10 

grains 

0 6 grams 

Water to make 

20 

ounces 

500 

c.cm. 


For dish development take 1 part A, 10 
parts B, and 9 parts water. For tank develop- 
ment use only 5 parts B and 14 parts water to 
1 part A. The average tank development time is 
10-12 minutes at 65° F. ( 1 8 -4° C.). 

Kodak D-177 is about the same in composi- 
tion and characteristics; D-190 is similar, but 
contains about twice as much potassium bro- 
mide. 

Pyro can even be added to a standard M.Q. 
developer (about the same amount of pyro as 
hydroquinone). Kodak D-151 is a formula of 
this type. 

Glycin Developers. Glycin is a slow working 
developer which keeps very well in solution and 
is comparatively free from any tendency to 
aerial fog. For this reason it may be used in 
very dilute solutions for stand development 
where development may take several hours, as 
well as for techniques which involve exposing a 
developer-soaked print to the air. 

Glycin is very slightly soluble in water, but 
freely soluble in alkalis. Sodium and potassium 
carbonate are suitable alkalis — the latter 
particularly for very concentrated stock solu- 
tions. 

The following is a typical glycin developer 
formula: 

Glycin 1 1 ounces 37 gnms 

Sodium sulphite, anhyd. It ounces 30 grams 

Potassium carbonate 7 ounces 175 grams 

Water to make -40 ounces 1,000 c.cm. 

For normal tank development dilute 6 times. 
Development takes about forty-five minutes at 
65° F. (18 -4° C.). For stand development dilute 
about fifty times, and develop for 4-5 hours. 
Para-aminophenol Developers. Para-amino- 
phenol is chemically related to metol and has 
similar characteristics as a developing agent. It 
is, however, free from any tendency to cause 
skin poisoning and can therefore be used as a 
substitute by photographers who are allergic to 
metol. A typical para-aminophenol hydro- 
quinone developer is Kodak DK-93 : 


E.— L 
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Para-aminophenol hydro- 
chloride 68 grains 

Sodium sulphite, anhyd. 1} ounces 
Hydroquinone 44 grains 

Kodalk 350 grains 

Potassium bromide 9 grains 

Water to make 40 ounces 


5 grams 
30 grams 
2-5 grams 
20 grams 
0 5 grams 
1.000 c.cm. 


Average development time is 10-20 minutes 
at 65° F. (18-4° C.). 

Para-aminophenol is also the developing 
agent in many commercial highly concentrated 
developers. 

High Contrast Developers. Hydroquinone is the 
principal developing agent for high contrast. So 
it is possible to increase the contrast given by a 
normal M.Q. developer by raising the propor- 
tion of hydroquinone to 6 : 1 or even 10 : 1, 
and using a solution 2-4 times stronger. In 
addition the bromide content of contrast 
developers is comparatively high. Developers 
of this type are Ansco 22, Defender 9D, 
Gevaert G-203, Ilford ID-14, Kodak D-163. 
In Gevaert G-201 and Kodak D-72 and D-154 
the solution is more concentrated. 

Higher alkalinity of the developer also gives 
increased contrast, so sodium or potassium 
hydroxide may be used instead of sodium 
carbonate (about 1 / 1 0 the amount). 

For even greater contrast hydroquinone is 
used alone with either sodium (or potassium) 
carbonate or sodium or potassium hydroxide 
as an alkali. The hydroquinone and alkali are 
usually made up in separate solutions and bi- 
sulphite or metabisulphite used as a preserva- 
tive for the hydroquinone solution to give 
better keeping qualities. The caustic hydro- 
quinone developers often contain a high con- 
centration of potassium bromide (up to 10-12 
grams per 1,000 c.cm. or } ounce per 40 
ounces). 

Hydroquinone developers without metol or 
other agents tend to have a long induction 


period, and develop the image simultaneously 
throughout the depth of the emulsion. 

Low Contrast Developers. Developers contain- 
ing only metol or para-aminophenol as 
developing agent produce images of compara- 
tively low contrast. The composition of the 
developer is similar to the standard M.Q. for- 
mula, but with more metol and without hydro- 
quinone. Metol is more stable in solution and 
needs less sodium sulphite. Typical formulae 
are Ilford ID-3 and ID-15, Kodak D-165, etc. 

Developers of this kind tend to act as surface 
developers, i.e., building up the image first on 
the surface of the emulsion and only then going 
deeper. This property is useful for minimizing 
halation and similar effects which occur 
strongest in the deeper parts of the emulsion. 

Kodak DK-15 is similar, but about three 
times as concentrated. It uses Kodalk instead 
of sodium carbonate and also contains some 
sodium sulphate to make it suitable for pro- 
cessing at high temperatures. 

Many fine-grain developers give low contrast 
images. 


COMPARISON OF METOL DEVELOPERS 



Ansco 

120 

Gevaert Ilford 
G-253 ID - 3 

Ilford 
ID- 15 

Kodak 

D-165 

Metol 

Sodium sulphite. 

4 1 

1-5 

1-5 

IS 

15 

anhyd. 

Sodium carbonate, 

12 

10 

6 3 

10 

6-3 

anhyd. 

9-7 

10 

9 

9 

9 

Potassium bromide 

0 6 

0 5 

0-2 

02 

0-2 

Water to make 1,000 1 

,000 1 

,000 1 

,000 1 

,000 


Maximum Energy Developers. This type of 
developer is intended to bring out the maxi- 
mum speed of a film or plate, particularly in 
cases of under-exposure. 

Pyro-metol is a maximum energy developer 
which relies partly on the stain produced bv 


COMPARISON OF CONTRAST M.Q. DEVELOPERS 



Ansco 

Gevaert 

Kodak Dcf ender 

Ilford 

Gevaert 

Ilford 

(odak 

Kodak 

Kodak 


22 

G-203 

D-163 9D 

1 D-14 

G-201 

ID-1] 

D-19 

D-72 

D-154 

Metol 

08 

0-5 

12 1 

1-7 

15 

1-5 

2-2 

1-6 

1-2 

Hydroquinone 

8 

5 

84 9 

12-5 

6 

6-2 

88 

6 

6 

Sodium sulphite, anhyd. ... 

40 

50 

38 75 

75 

50 

25 

100 

22-5 

22-5 

Sodium carbonate, anhyd,... 

50 

32 

33 25 

37 

32 

33 

47 

34 

30 

Potassium bromide 

5 

2 

1-4 5 

2 

2 

6-2 

5 

0-9 

0-5 

Water to make 

1,000 

1,000 

1,000 1,000 

1,000 

1,000 

1,000 1,000 

1,000 

1,000 


COMPARISON 

OF HYDROQUINONE 

DEVELOPERS 





Ansco 

Gevaert Ilf ord 

Kodak 

Kodak 

Kodak 


Ilf ord 

Ilford 


70 

G-254 /D-13 

D-8 

D-153 

D- 178 


ID- 35 

ID- 38 

Hydroquinone 

12-5 

55 

12-5 

15 

12-5 

30 


19 

9 

Sodium sulphite, anhyd. ... 



IOC 



30 



60 


47 

25 

Sodium (or potassium) 










metabisulphite 

12-5 



12 5 



12-5 






— 

Sodium hydroxide 

18 





12-5 

25 

12 






Potassium- hydroxide 



25 

25 












Sodium carbonate anhyd. ... 
















27-5 

Potassium carbonate 














62 



Potassium bromide 

12-5 

3 

12 5 

10 

12-5 

20 


4-5 

1-7 

Water to make 

1,000 

1,000 

1,000 

.000 

1,000 

1,000 

1 

000 

1,000 


All quantities are in grams per litre, or parts per 1 ,000. 
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pyrogallic acid to give printing density to the 
negative, and partly on the ability of the metol 
to develop an image even in greatly under- 
exposed regions of the film or plate. 

These developers contain very little sulphite 
because sulphite would decrease the pyro stain. 
Instead, the pyro and metol stock solution 
includes a small quantity of potassium meta- 
bisulphite which, because of its acidity, is 
more effective in preventing premature oxida- 
tion. 

The alkali is kept in a separate solution, 
and mixed with the pyro and metol just before 
use. This type of developer will not keep at all 
once it is mixed. 

The following is a formula for a pyro-metol 
developer: 


Stock solution A 


Metol 

35 

grains 

2 

grams 

Potassium metabisulphite 
(or sodium bisulphite) 

70-100 

grains 

4-6 

grams 

Pyro 

70-100 

grains 

4-6 

grams 

Water to make 

20 

ounces 

500 

c.cm. 

Stock solution B 

Sodium carbonate, anhyd. 

1* 

ounces 

37 

grams 

Water to make 

20 

ounces 

500 

c.cm. 


For use take equal parts of A and B. Aver- 
age development time is 6-8 minutes at 65° F. 
(18-4° C.). 

This developer may also be used at half 
strength. Ilford ID-4 and Kodak D-167 are 
developers of this type. 

Caustic metol-hydroquinone is a completely 
different type of high energy developer. This 
contains a high concentration of metol and 
hydroquinone (dissolved with the help of 
alcohol if necessary) and sodium hydroxide. 

The following is the formula for a maximum 
energy developer: 


Wood alcohol 
Metol 

Sodium sulphite, anhyd. 
Hydroquinone 
Sodium hydroxide 
Potassium bromide 
Water to make 


2 ounces 
240 grains 
2 ounces 
240 grains 
160 grains 
160 grains 
40 ounces 


50 c.cm. 
14 grams 
50 grams 
14 grams 
9 grams 
9 grams 
1,000 c.cm. 


Development takes about 4-8 minutes at 
65° F. (18-4° C.). The mixed developer hardly 
keeps at all. 

If the sodium hydroxide is doubled, the 
development time can be reduced to about one 
minute. Some of the rapid developers are of the 
high energy type for maximum film speed. 

The effective film speed is also increased by 
adding a small amount of hydrazine or its 
derivatives to the developer, with an anti- 
fogging agent. Such an energizing solution 
recommended by Kodak is : 

Hydrazine dihydrochloride 100 grains 5-3 grams 
6-nicrobenzimidazole 

nitrate (0-2%) 2} ounces 67 c.cm. 

Water to make 4 ounces 100 c.cm. 

Three parts of this are added to about one 


hundred parts of a standard M.Q. developer. 
The developer and energizer mixture does not 
keep. 

Concentrated Developers. Some developers can 
be made up very conveniently in strong stock 
solutions and diluted some twenty to sixty 
times for use. 

All these formulae are based on para-amino- 
phenol with potassium metabisulphite as pre- 
servative, and enough sodium hydroxide to 
bring them into solution. 

A typical formula for a concentrated de- 
veloper is: 

Para*aminophenol (free base) 4 ounces 100 grams 

Potassium metabisulphite 12 ounces 300 grams 

Water 20 ounces 500 c.cm. 

These ingredients are brought into solution 
with the least amount of concentrated sodium 
or potassium hydroxide solution and then 
made up to the final volume of 1,000 c.c. (40 
ounces). 

For normal tank development the solution is 
diluted about forty times. Development takes 
about fifteen to twenty minutes at 65° F. 
(18-4°C.). 

The same principle works with metol- 
hydroquinone but not to such high concentra- 
tion. A suitable formula is: 


Wood alcohol 
Potassium metabisulphite 
Metol 

Hydroquinone 
Potassium metabisulphite 
Potassium bromide 
Water to make 


2 ounces 
35 grains 
5 ounces 
I i ounces 
7 ounces 
160 grains 
40 ounces 


50 c.cm. 
2 grams 
19 grams 
38 grams 
175 grams 
9 grams 
1,000 c.cm. 


The potassium metabisulphite is dissolved 
in two lots. When the second lot has been dis- 
solved as far as possible, just enough 50 per 
cent sodium or potassium hydroxide solution 
is added to dissolve all the precipitate in the 
solution. The bromide is then added, and the 
solution made up to the final volume. 

For normal tank development this is diluted 
about twenty times. 

Replenishers. Many developers can be used 
repeatedly but as each film takes some strength 
out of the solution subsequent development 
times have to be increased. 

A better way of re-using developers is to 
replace some of the chemicals used up during 
development in the form of a replenishes 

The simplest replenisher would be con- 
centrated developer stock solution, but all the 
ingredients of a developer are not used up at 
the same rate. The concentration of the develop- 
ing agents and of the alkali decreases fairly 
rapidly whereas the potassium bromide con- 
tent increases slightly. So a suitable replenisher 
is not identical with the developer; it contains 
the chemicals in the correct proportion to 
compensate for real losses during development. 
In use, about 15-25 c.cm. (4—1 ounce) of 
replenisher solution are added to 1,000 c.cm. 
(40 ounces) of developer working solution for 
each film developed. If this increases the 
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solution volume too much, some of the old 
developer is poured off first. 

Usually the composition of replenishes is: 

Developing agents: about 1 J — 2 times the 
concentration in the working developer. 

Sodium sulphite: same concentration as in 
the developer. 

Alkali : with alkalis like borax or metaborate, 
the replenisher will contain about 5-10 times 
as much as the developer. With carbonate 
alkalis the replenisher contains about 2-4 
times as much as the working developer. 
Caustic soda or potash is also commonly used. 

Restrainer: the majority of replenishes 
add no potassium bromide. 

Other additions: neither developer improvers 
nor wetting agents are required in the re- 
plenisher. Solvent fine grain developer re- 
plenishes usually contain up to three times as 
much potassium thiocyanate or hypo as the 
developer itself. 

Replenishes are only worth while with 
developes which keep well in solution. By 
using a replenisher, 1,000 c.cm. (40 ounces) of 
developer can be used for about twenty or more 
films. But pyro formulae and developers con- 
taining caustic soda as alkali deteriorate much 
too rapidly to justify replenishment. 

There is no point in using a replenisher with 
dilute tank developes, nor with developing 
tanks which take less than about 400 c.cm. 
(15-16 ounces) of solution to develop one 
film. Under these conditions the developer is 
so exhausted after use that it is best thrown 
away. 

Replenishes are best used in fairly con- 
centrated solution (such as most fine-grain 
formulae) where it would be comparatively 
expensive to use fresh developer solution for 
each film. 

High-speed Developers. Concentrated and 
highly alkaline developers will bring develop- 
ment times down to about 4-1 minute. They 
are usually derived from contrast developes of 
the metol-hydroquinone or caustic hydro- 
quinone types which are already highly alka- 
line. With such strong solutions potassium 
bromide is usually not efficient enough to keep 
down fog, so a 0'1 per cent solution of pheno- 
safranine is often added. 

The presence of any salts not directly engaged 
in the development process slows down the 
development, so the amount of sodium sulphite 
is kept very low. In consequence these develo- 
pers do not keep at all once they are mixed. 

Such a developer may, for instance, be: 

Sodium sulphite, anhydrous 52 grains 3 grams 

Hydroquinone S2 grains 3 grams 

Phenosafranin, 0-1 per cent 38 minims 2 c.cm. 

Water to make 2 ounces 50 ccm. 

Just before use add an equal volume of 12 
per cent sodium hydroxide solution. 

A 10 per cent acetic acid stop bath is 
advisable immediately after development (which 


takes about forty-five seconds), followed by a 
rapid fixer. 

Two bath methods of high speed develop- 
ment rely on very concentrated developing 
agents, followed by a short immersion in a 
caustic alkali solution. The following is a 
suitable formula: 

Hydroquinone 2 ounces 50 grams 

Sulphurous acid, 0 per cent 

solution 10 ounces 250 c.cm. 

Phenosafranin, 01 per cent 

solution f ounce 20 ccm. 

Water to make 40 ounces 1,000 ccm. 

The film or plate is immersed in the solution 
for 5-10 seconds and then given 3 seconds in a 
30 per cent solution of sodium or potassium 
hydroxide, with 1 part formalin solution added 
to every 40 parts of alkali solution. Again a 
stop bath and rapid fixer should be used. 

At high temperatures (up to 85° F. or 30° C.), 
development is complete after about 4-5 
seconds in the developer, followed by 1-2 
seconds in the alkali bath. There is little 
danger of damage to the emulsion from the 
high temperature and alkalinity of the solu- 
tion (particularly if formalin is present in the 
second bath) because the emulsion has no time 
to swell appreciably. 

After the high speed fixing bath the emulsion 
is washed in running water for 30 seconds, and 
sandwiched in glycerine between two glass 
plates. It can then be enlarged immediately, 
and rewashed and dried normally later on. 

Prints can be processed at high speed in 
much the same way. After the final 30- second 
wash they can be dried in front of a radiator 
or fire in about 30 seconds. 

Tanning Developers. Certain developers tan 
the gelatin during development of the silver 
image. The degree of tanning (which hardens 
the gelatin and renders it insoluble) is propor- 
tional to the density of the silver deposit pro- 
duced. 

Most developing agents will, under suitable 
conditions, tan the gelatin. The effect is 
greatest with the polyhydroxy-benzenes, 
especially with pyrocatechin and pyrogallic 
acid. 

One of the essentials of such a tanning 
developer is a low sulphite content, otherwise 
the tanning effect is largely lost. A fairly high 
alkalinity, and sometimes the addition of sub- 
stances like alcohol, improve the tanning action. 
This is due to the polymerization of the oxi- 
dation products of the developing agent 
(quinone and quinone-like compounds) which 
are formed in the gelatin during development. 

Tanning developers are employed for making 
gelatin matrices, i.e., images of hardened 
gelatin. These matrices are used in various pro- 
ccsses— «e.g., dye transfer and imbibition colour 
print processes, and photomechanical pro- 
cesses such as photolithography. Tanning 
developers are also sometimes used for con- 
trolling excessive contrast; where the emul- 
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sion has received most exposure, the increased 
tanning of the gelatin in those areas tends to 
retard development. 

A typical tanning developer using pyrocate- 
chinis: 

Pyrocatechin 35 grains 2 grams 

Sodium sulphite, I per cent 

solution I ounce 25 c.cm. 

Sodium hydroxide, 1 per cent 

solution 2 ounces 50 c.cm. 

Water to make 40 ounces 1,000 c.cm. 

Average development time is 1 5-20 minutes 
at 65° F. (18-4° C.). 

This developer must be made up immediately 
before use. Neither the sulphite nor the sodium 
hydroxide solutions keep well at this dilution, 
but are more convenient to measure when made 
up in this way. 

A formula using pyrogallic acid is: 


Stock solution A 
Pyrogallic acid 

70 grains 

grams 

Sodium sulphite, 
anhydrous 

175 grains 

10 grams 

Water to make 

40 ounces 

1,000 c.cm. 

Stock solution B 
Sodium carbonate, 
anhydrous 

405 grains 

20 grams 

Water to make 

40 ounces 

1,000 c.cm. 


Equal parts of A and B are mixed imme- 
diately before use. Average development time 
is 6-10 minutes at 65° F. (18-4° C.). 

A developer of this type using hydroquinone 
can be obtained by making up a standard 
caustic hydroquinone developer, but reducing 
the sulphite or metabisulphite content to about 
10-20 per cent of the normal amount. 

After development the unhardened gelatin 
can be washed out with warm water, leaving 
the tanned relief image. The silver image itself 
can also be bleached out either by a normal 
bleacher or by a tanning bleacher which further 
hardens the gelatin. The use of such a tanning 
bleacher before the removal of the unhardened 
gelatin will increase the contrast. 


FINE GRAIN NEGATIVE DEVELOPERS 

During normal development the image- 
forming silver in the sensitive emulsion tends 


to clump into comparatively large grains. 
These become unpleasantly obvious when the 
negative is sufficiently enlarged. Fine grain 
developers counteract this clumping tendency 
in three principal ways. There are thus three 
types of fine grain developer: normal developer, 
low energy developer and solvent developer. 
Normal Developers. In the normal fine grain 
developer, the energy is reduced by lowering 
the alkalinity. The classic developer of this type 
is the metol-hydroquinone-borax formula (Ko- 
dak D-76, Defender 6D and Ilford ID-11): 


Metol 

Sodium sulphite, anhyd. 

Hydroquinone 

Borax 

Water to make 


35 grains 
4 ounces 
88 grains 
34 grains 
40 ounces 


2 grams 
100 grams 
5 grams 
2 grams 
1,000 c.cm. 


Average development times are about 10-20 
minutes at 65° F. (18-4° C.). 

There are three types of variation on this 
formula: 

(1) The concentration of the developing 
agents may be varied. Some M.Q.-borax 
formulae contain less hydroquinone (Gevaert 
G-206, Defender 4D); others contain no 
hydroquinone at all, but have extra metol; 
others contain another developing agent such 
as glycin in place of the hydroquinone (Edwal 
10 ). 

(2) The alkalinity may be increased by using 
an equal amount of metaborate (Ansco 1 7M) or 
Kodalk instead of the borax, or by using more 
borax (Ansco 17, Edwal 10). 

An increase in the borax or metaborate con- 
centration will, other things being equal, 
slightly increase the grain and decrease the 
development times. This effect is particularly 
marked with Kodalk where a 21 times increase 
in the alkali concentration cuts the develop- 
ment time by half. 

(3) The alkalinity may be further stabilized, 
or even decreased by using a buffer mixture of 
borax and boric acid. 

Thus the stabilized version of M.Q. borax 
contains 8 grams each of borax and boric 
acid instead of 2 grams of borax alone 
(Kodak D-76d). The grain and development 
time remain unchanged. 


COMPARISON OF M.Q. BORAX FINE GRAIN DEVELOPERS 



Ansco 

17 

Ansco Defender Defender Dupont Edwal 
17 M 4 D 6 D ND -2 10 

Gevaert Ilford 
G -206 ID- II 

Kodak 

D -76 

Kodok 

D- 76 a 

Kodak 

D- 76 d 

Metol 

1-5 

1-5 

2 

2 

2-5 

5 

2 

2 

2 

2 

2 

Hydroquinone 

Glycin 

Sodium sulphite anhyd. 

3 

3 

3 

5 

5 

5 

4 

5 

5 

5 

5 

00 

00 

75 

90 

75 

100 

100 

100 

100 

100 

100 

Borax 

3 

— 

5 

2 

5 

10 

2 

2 

2 

2 

0 

Sodium metaborate 

— 

2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Boric add 

... — 













— 



14 

B 

Potassium bromide 

0-5 

0-5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Water to make 

... 1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 


The q uantities are In grams per 1 ,000 c.cm. of solution, or parts per 1 , 000 . 
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A somewhat different type of low alkalinity 
fine grain developer uses only metol and sodium 
sulphite. It is simply a 0-75-1 -5 per cent solu- 
tion of metol in 10 per cent sodium sulphite 
(Kodak D-23). The sulphite acts as alkali as 
well as preservative. The addition of 1-2 per 
cent of sodium bisulphite reduces the alkalinity 
still further and gives a buffered developer 
(Kodak D-25). Either of these formulae act 
as surface developers, building up the image 
first in the top of the emulsion layer before 
going deeper. This helps to increase the image 
resolution, quite apart from any improvement 
in grain. Over-development will, however, 
nullify this advantage. 

Low Energy Developers. Developers of this 
type aim at reducing grain by using low energy 
developing agents in weakly alkaline solutions. 
(Para- and ortho-phenylene diamine are suit- 
able developing agents, often used together with 
one or two normal agents.) The low activity 
of the developer decreases the effective film 
speed, and exposure may have to be increased 
as much as three times. The image contrast is 
usually low because the developers are in- 
capable of producing high contrast and 
development is usually shortened to keep 
contrast low and grain subdued. 

The basic superfine grain developer of this 
type is a 1 per cent solution of para-phenylene 
diamine in 9 per cent sodium sulphite. This is 
the Sease I formula. It gives very fine grain, 
but its activity is so low that the development 
time may be 45 minutes or more. In addition 
the effective film speed is reduced so seriously 
(up to 300 per cent extra exposure . may be 
needed) that it is more sensible to use a 
slow fine grain film and develop in a normal 
fine grain developer. For this reason the 
formula is nearly always modified in one or 
more ways: 

(1) Asecond developing agent may be added. 
In the Sease series this is glycin; Edwal 12 
contains 0-6 per cent metol in addition. The 
Johnson fine grain developers use pyrocatechin 


as the second developing agent. As a third 
developing agent about 0-25 per cent metol may 
be added (as in the Meritol-metol formula). 
Ortho-phenylene diamine with an additional 
developing agent is used in the Windisch 665 
formula. 

(2) An alkali may be added either to the plain 
para-phenylene diamine formula, or to its 
combination with a second developing agent. 
The alkali needs a fairly strong buffering 
activity. Trisodium phosphate is often used, 
and so is borax. The alkali concentration may 
be comparatively high (e.g., one of the 
Lumifcre & Seyewetz developers has 5 per cent 
borax added to a Sease I type formula). 

Some of the developers given in the table of 
ortho- and para-phenylene diamine superfine 
grain developers contain an undue amount of 
high activity developing agent — e.g., metol. 
The proportion often equals that in a normal 
fine grain developer. When this happens, the 
formula no longer gives a true superfine grain 
developer. 

Solvent Developers. In developers of this type, 
the fine grain is the result of adding a solvent 
of silver halide. This dissolves away part of the 
silver bromide grains during development, and 
in this way physically reduces clumping. At 
the same time some of this dissolved silver salt 
is developed and deposited as silver on the film, 
mainly on those parts of the emulsion which 
already carry a silver image. This is really a 
chemical process but it is known as physical 
development to distinguish it from the normal 
direct development of the silver salts to silver. 

The common solvents are potassium thio- 
cyanate, ammonium chloride and sodium thio- 
sulphate (hypo). 

Most of the action of a solvent fine grain 
developer is normal direct development, with 
some indirect physical development. But 
some developers rely almost entirely on deposit- 
ing silver from the solution. In fact, they actu- 
ally contain silver salts before development. 
These are the real physical developers. 


COMPARISON OF ORTHO- AND PARA-PHENYLENE DIAMINE SUPERFINE GRAIN DEVELOPERS 



Sease 

Sease 

II 

Sense 

III 

Sease Defender Edwal 
IV SO 12 

Meritol Meritol M.C.M. 
S.F.G. Metol 100 

W indish 
665 

F.R. Lumiere 
and 

X33 Seyewetz 

Para-phenylene diamine 

10 

10 

10 

10 

10 

10 

— 

— 

— 

— 

— 

— 

Merltol 

— 

— 

— 

— 

— 

— 

15 

14 

16 

— 

— 

— 

Ortho-phenylene diamine 

— 

— 

— 

— 

— 

— 

— 

— 

— 

12 5 

8 

5 

Glycin 

— 

1 

5 

12 

2 

5 

— 

— 

— 

— 

1-5 

— 

Metol 

— 

— 

— 

— 

— 

6 

— 

23 

— 

12 5 

3 5 

10 

Hydroquinone 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

15 

Sodium sulphite, anhyd. 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

80 

62 

Potassium metablsulphlte 

— 

— 

— 

— 

— 

— 

— 

— 

— 

5 

— 

— 

Trlsodium phosphate ... 

Borax 

Potassium bromide 


~ 

— 

— 

— 

— 

— 

— 

6 9 
2*3 
02 

— 

3 

5 

_ 















— __ 

03 

0*7 

Water to make 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 1 

1,000 

1,000 


The quantities are in grams per 1 ,000 c.cm. of water, or parts per 1,000. 
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The solvent type of fine grain developer 
removes silver from the emulsion so some of the 
latent image goes with it. This is another 
reason why the negative material needs extra 
exposure of anything from 50-100 per cent, 
according to the type of emulsion. 

Both solvent and low energy developers are 
classed as super fine grain developers. 

Nearly all fine grain developers use a high 
concentration of sodium sulphite (8-10 per 
cent, as compared with an upper limit of 3 per 
cent for most normal negative developers). 
So fine grain developers keep well in solution, 
and can be used repeatedly. The high concen- 
tration of sulphite also helps by acting as a 
weak solvent. 

One advantage of the solvent fine grain 
developers is that they give as fine grain as the 
low energy developing agents, but produce the 
same negative density and contrast in shorter 
development times. 

The formulae are mostly derived from the 
normal M.Q. borax and similar fine grain 
developers, with the addition of 01-0-3 per 
cent potassium thiocyanate or sodium thio- 
sulphate. Most solvent fine grain developers 
call for slightly increased exposure. 

The M.C.W.-l formula is merely the stan- 
dard M.Q. borax developer with 0-3 per cent 
sodium thiosulphate (hypo) added. The Kodak 
DK-20 formula is similar but contains no 
hydroquinone. This idea of adding potassium 
thiocyanate or sodium thiosulphate can be 
applied to almost any normal fine grain de- 
veloper. 


COMPARISON OF SOLVENT FINE GRAIN DEVELOPERS 



Focal 

S.F.G. 

Gcvaer t 
C- 224 

Kodak 

DK-20 

M.C.W. M.C.W 
-l -2 

Metol 

3 

6 

5 

2 

05 

Hydroquinone 

— 

— 

— 

5 

l 

Glycin 

5 

— 

— 

— 

— 

Sodium sulphite, 
anhyd 

90 

90 

too 

100 

5 

Borax 

1 

3 

— 

2 

— 

Kodalk 

— 

— 

2 



2 

Sodium carbonate, 
anhyd. 

1 





_ 

_ 

Potassium thio- 
cyanate 

1 

1 

, 





Sodium thio- 
sulphate 






3 

3 

Potassium bromide 

0-5 

05 

0 5 

— 

— 

Water to make 

1,000 

1,000 

1,000 

1,000 

1,000 


Quantities are in crams per 1,000 c.cm. of water, or 
parts per 1,000. 


POSITIVE DEVELOPERS 
The range of developing agents suitable for 
bromide and contact papers and lantem plates 
is limited. Developers with a tendency to stain 
(e.g., pyro) cannot be used because the image 
colour of a print is important. The only agents 
of any importance for black tone development 


are metol, hydroquinone, amidol, and occa- 
sionally para-aminophenol. The agents used in 
warm tone developers (which can only be 
used with special chlorobromide papers and 
warm tone lantern slides) are chlorquinol, 
glycin, and sometimes pyro (with slides). 

Positive prints do not call for low energy or 
fine grain developers; the grain size of a print- 
ing paper is of no importance — the image will 
not be enlarged, anyway. Even lantem slides 
have a grain that is very much finer than that 
of the negative. 

The most popular formula is metol-hydro- 
quinone with carbonate, and with glycin and 
(or) chlorquinol added for warm tone formulae. 
The only exceptions are ce tain special formulae 
for lantem plat s or for high contrast, such as 
caustic hydroquinone, pyro, and certain warm 
tone developers containing ammonia or thio- 
carbamide for lantem slides. Very occasionally 
a physical developer is us d for slides. 
Characteristics. Positive developers can be 
classified as: 

( 1 ) Standard black tone bromide and contact 
paper developers. These also give black tones 
on bromide and contact lantem plates, and 
warm black tones on warm tone materials. 

(2) High contrast and variable contrast 
developers for bromide pape s and black tone 
(bromide) lantem plates. Contact (chloride) 
papers and plates do not respond so well to 
high contrast and variable contrast develop- 
ment. With warm tone (chlorobromide) papers 
and plates the contrast obtained is to some 
extent decided by the image colour aimed at. 

(3) Warm tone developers. These are used 
almost exclusively with warm tone (chloro- 
bromide) papers and lantem plates. Special 
warm tone developers for bromide papers have 
been published, but their action depends very 
greatly on the make and grade of the paper. 
Usually such warm tone bromide developers 
work with one or two makes only, and are not 
suitable for all black tone papers and plates. 
In any case the degree of control over the image 
colour is limited, and the tones are often dis- 
tinctly unpleasant. 

(4) Special lantem plate developers. These 
may contain agents like pyro, ammonia, thio- 
carbamide, and even physical developers. 
They are not suitable for developing paper 
prints. 

Positive M.Q. Developers. These developers are 
all based on the standard negative M.Q. for- 
mula. Focal Universal, Ilford ID-20 and Kodak 
D-34 lantem plate developer are typical. 

Generally speaking, the main difference 
between negative and positive developers of 
this type is that while negative developers are 
mostly used fairly dilute (particularly for tank 
development), developers for bromide papers 
and black tone lantem plates are used in a 
much more concentrated solution. The de- 
veloper for contact papers and chloride plates 
is used stronger still. 
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COMPARISON OF STANDARD POSITIVE M.Q. DEVELOPERS 



Defender Focal 
Univer - 
53D* sal 

Gevaert 

G-251* 

Ilford 
ID- 20* 

Kodak 

D-163* 

Ansco Def ender Gevaert 
I03t 54Dt G-2S2t 

Ilford 
ID- 36f 

Kodak Kodak 
D- 73f D-I58t 

Metol 

1-6 

1 

i*5 

1*5 

II 

II 

0-9 

2-5 

15 

1*4 16 

Hydroquinone 

6 

3*7 

6 

6 

05 

3*0 

3 5 

3 6 

6-2 

5-4 6 6 

Sodium sulphite, anhyd. 

225 

25 

25 

25 

38 

15 

13 

25 

25 

20 25 

Sodium carbonate, anhyd. 

34 

25 

40 

30 

32 

21 

25 

40 

35 

37 35 

Potassium bromide 

1 

0*3 

1 

2 

1*4 

04 

05 

0-3 

0-3 

T 

6 

6 

Water to make 

... 1,000 

1,000 

1,000 

1,000 

1.000 

1,000 

1,000 

1,000 

1,000 

1,000 1.000 

Dilution for bromide paper 

... 1:1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1 : 1 

1:1 1:1 

Dilution for contact paper 

... Undll. 

Undll. 

Undll. 

Undil. 

Undil. 

Undil. 

Undil. 

Undil. 

Undil. 

Undll. Undil. 


•Mainly bromide paper end bromide lantern plate developer. tMalnly contact paper and contact plate developer. 
Quantities are in crams per I.OOOc.cm. of water, or parts per 1,000. 


It is therefore possible to use one and the 
same formula for negatives, lantern slides, 
bromide and contact papers, by merely diluting 
the stock solution to suit. This is the basis of 
most of the so-called universal developers, like 
Focal Universal, Kodak D-163. The reason 
is simply that a standard M.Q. developer will 
develop almost any sensitive material. 

There are several recognized departures from 
the standard formula. 

First, papers have a tougher emulsion than 
negatives; it is less apt to swell or melt. So 
paper developers can be more alkaline and 
often contain up to 2 per cent sodium car- 
bonate (or up to 4 per cent in the double 
strength contact paper developer). Examples of 
developers of this type are Ansco 103, Ilford 
ID-36, Kodak D-73, etc. 

Second, for really black tones, the potassium 
bromide concentration must be kept down to a 
minimum. This minimum amount of bromide 
needed to avoid fog varies from paper to 
paper, and also depends on the activity of the 
developer. That is partly the reason for the 
large number of formulae- each specially 
recommended by a maker for his particular 
paper or papers. 

Generally in bromide paper developers the 
potassium bromide content is near the lower 
limi t of the range stated in the standard nega- 
tives M.Q. formula (about 0-07-0-1 per cent, 
or even less). Examples are Ilford ID-20, 
Kodak D-34 and D-163, and M.C.M. Win- 
chester. 

In some developers, particularly those de- 
signed for contact papers, the bromide con- 
centration of the working solution is still less 
(0-04-0 06 per cent) even at the contact paper 
strength of the solution— i.e., when the con- 
centration of all the other ingredients is twice 
as great as in the standard M.Q. formula. When 
the developers are diluted to normal strength 
for bromide papers or lantern plates, the 
amount of potassium bromide is only half as 
much (e.g., Ilford ID-29 and ID-36, and 
Kodak D-73 and D-I58). 

The last three also contain extra sodium 
carbonate. 


With positive developers the use of a 
developer improver helps to give good black 
tones with the minimum of fog. The developer 
improvers are added in the proportion of about 
1 part of the commercial solution to 100 
parts of working developer. Some developers 
actually include a developer improver. 

One such formula is that of the M.C.M. 


new Winchester positive developer : 


Metol 

60 grains 

3*5 grams 

Sodium sulphite, anhyd. 

It ounces 

35 grams 

Hydroquinone 

150 grains 

0*6 grams 

Sodium carbonate, anhyd. 

2i ounces 

63 grams 

Potassium bromide 

33 grains 

1-9 grams 

Latitol U 

It ounces 

37 c.cm. 

Wettol 

190 minims 

10 c.cm. 

Water to make 

40 ounces 

1 ,000 ccm. 


For use dilute 1 part with 2 parts water. 
Positive Amidol Developers. Amidol was at one 
time very popular for bromide and contact 
papers, mainly because it very easily gives pure 
black image tones. But a standard M.Q. 
developer will give as good blacks if the potas- 
sium bromide concentration is kept low, or a 
developer improver is added. The disadvantages 
of amidol developers are that they do not keep 
well and must therefore be made up imme- 
diately before use, and that they stain the 
fingers. 


AMIDOL DEVELOPERS 



Ansco Defender Ilford 
113 61 D* ID-22* 

Kodak Ilf ord 
D- 170* /D-30t 

Kodak 

D-I62t 

Amidol 

6*6 

3-8 

6 

45 

6 

4 

Sodium 
sulphite, 
. anhyd. 

44 

15 

25 

25 

25 

25 

Potassium 

bromide 

0-6 

25 

08 

1 

02 

0*2 

Water to 

make 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 


•Mainly bromide paper developers. 

tMainly chloride paper developers. 

Quantities are in (rams per 1,000 c.cm,, or parts per 
1 , 000 . 

The developer itself is simply amidol, sodium 
sulphite, and potassium bromide. No alkali is 
needed; the low alkalinity of the sodium sul- 
phite solution is quite sufficient. 
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The only variable of importance in amidol 
developers is the potassium bromide. When 
used f or bromide papers and bromide lantern 
plates, the solution may contain up to 01 per 
cent potassium bromide. For contact (chloride) 
material the most suitable concentration is 
0 02 per cent. 

High and Low Contrast Developers. The con- 
trast obtainable with any one grade of bromide 
and contact papers or lantern plates can be 
slightly modified by using a high or low con- 
trast developer. 

The high contrast developers are much the 
same as the standard caustic hydroquinone or 
hydroquinone and carbonate developers used 
for negatives but the bromide content can be 
lower. Apart from their increased contrast, they 
differ from the normal M.Q. developers in 
three ways : 

(1) The image colour is not a pure black, but 
slightly warm black because of the high 
bromide content of the hydroquinone de- 
veloper. Even on standing, the working solu- 
tion deteriorates rapidly and gives an un- 
pleasant greenish black image. As the developer 
becomes exhausted, the effective speed of the 
paper decreases and the print needs a longer 
exposure. 

(2) The solution very readily stains the paper 
base yellow-brown. This again is more marked 
as the developer deteriorates so f orcing develop- 
ment beyond 2 minutes at 65° F. (18-4° C.) 
does more harm than good. 

(3) The effective exposure latitude of the 
paper or lantern plate is increased. The positive 
can therefore be over-exposed by as much as 
50 per cent (and development time reduced 
accordingly) without any falling off in print 
quality. 

Low contrast is given by negative developers 
of the metol group. Again the potassium 
bromide content should be kept to a minimum. 
These developers keep well and do not stain 


but the printing exposure is critical; print 
quality deteriorates if the exposure is varied by 
more than about 10 per cent. 

The contrast difference between caustic 
hydroquinone and standard M.Q. is equivalent 
to about half a paper grade. 

Combinations of hydroquinone, M.Q., and 
metol formulae are used as variable contrast 
developers either separately in multi-dish 
methods of development, or mixed in varying 
proportions. 

Warm Tone Developers. Most warm tone 
developers are suitable both for warm tone 
lantern plates and chlorobromide papers. 
They differ from normal black tone paper and 
slide developers in the following respects: 

Developing agents: as metol tends to pro- 
duce blue-black tones, it is used only in small 
amounts in warm tone developers; in many 
formulae it is lef t out altogether. But the amount 
of hydroquinone is fairly high, and is often 
supplemented by chlorquinol and glycin, both 
of which readily give warm image tones. 

Preservative: the amount of sodium sulphite 
is more or less the same as in normal positive 
developers* although some hydroquinone 
formulae contain rather more sulphite to 
increase their keeping qualities. When they 
are made up in concentrated stock solutions 
(with the alkali separate) the hydroquinone 
stock solution many contain either potassium 
metabisulphite or citric acid to prevent pre- 
mature oxidation. 

Alkali: the proportion of alkali is the same 
as for normal M.Q. developers, but the actual 
concentration varies a great deal, since many 
formulae may be diluted up to 10 or 20 times 
for the warmest tones. 

Some warm tone developers even use 
ammonia in addition to sodium carbonate. 
This gives purplish brown tones. Many of the 
image colours obtained in this way are gener- 
ally more suitable for lantern slides. 


COMPARISON OF STANDARD WARM TONE DEVELOPERS 



Ansco 

no 

Ansco 

115 

Ansco Defender Defender Gevaert Ilford 
135 55D 58D G-261 ID-23 

Ilford 

ID-24 

Kodak 

D-16 

Kodak 
D - 32 

Kodak 

D-155 

Kodak 
D- 166 

Metol 

— 

— 

06 

0-0 



— 

0-25 





— 

0-4 

0-6 

Hydroquinone ... 

3-8 

2-4 

33 

3-3 

— 

3 

31 

3-4 

9 

3 5 

4 

4-2 

Chlorquinol 

— 

— 

— 

— 

4 

— 

3-1 

3-4 

— 

— 

— 

— 

Glycin 

— 

7-5 

— 

— 

— 

3 

— 

— 

— 

— 

26 

— 

Sodium sulphite, anhyd. 

95 

22 

12 

12-5 

16 

20 

25 

31 

25 

3-1 

22 

12 5 

Citric add 











— 



— 

— 

0-3 





Sodium carbonate, anhyd. 

II 

16 

10 

12 5 

15 6 

16 

19 

22 

— 

15 

10 

12-5 

Sodium hydroxide 

— 

— 

— 

_ 

— 

— 

— 

— 

5 

2 1 

— 

— 

Potassium bromide 

0-5 

I 

14-2-0 

1-6-4 

0-5 

1 

0-4 

0-3-12 

2 

1-7 

4 

62 

Water to make 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Dilution ... 

F.S. 

F.S-2x 

F.S.-2x 

F.S. 

2x 

F.S.-4x 

4-7x 

2-30x 

F.S. 

F.S. 

2-8x 

2x 

Colour 

W 

W-WB 

W 

W-S 

W-B 

BB-RB 

W-S 

W-R 

W 

W 

BB-RB 

RB 


The quantities are in crams per 1,000 c.cm. or parts per 1.000. 

F.S. = full strenfth. The dilution figure signifies the number of volumes to which the solution Is diluted; e.g.. 2x — 
diluted I : I to make 2 volumes. 

Image colours: W — warm black, B “ brown, WB — warm brown, BB *= brown black, S -= sepia, RB=>red brown, 
R - red. 
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Restrainer: with most warm tone developers 
it is principally the potassium bromide that 
controls the image colour. The actual con- 
centration of potassium bromide included 
varies from formula to formula. It may be as 
low as 003 per cent, or as high as 0-3 percent 
(0- 3-3 grams per litre). 

The more potassium bromide there is in the 
developer, the warmer the tone. For this 
reason extra potassium bromide (as 10 per 
cent solution) is often added to the diluted 
developer. With certain formulae the bromide 
concentration of the working solution is kept 
more or less constant in this way, irrespective 
of the concentration of the other ingredients. 

Potassium bromide lowers the effective 
speed of the chlorobromide paper or warm 
tone slide so for warmer tones much longer 
exposures are therefore needed with developers 
containing a lot of potassium bromide. The 
desired effect with any particular developer 
and make of paper can only be arrived at by 
experiment. The whole rajnge of tones is, 
however, warmer with the more heavily 
restrained developers. 

Special Warm Tone Developers. While practi- 
cally all the standard warm tone developers 
will work equally well with both papers and 
lantern plates of the warm tone type, there are 
a few formulae mainly suitable for slides only. 

Ammonia (purplish) tones are produced by 
adding ammonia or ammonium bromide and 
ammonium carbonate to the developer. The 
colour appears to its best advantage when 
projected or viewed by transmitted light. 

The basic developer for this range of tones 
is a standard bromide paper developer with 
varying amounts of a 10 per cent solution of 
ammonium bromide and carbonate added as 
restrainer (1-10 parts restrainer to 20 parts 
developer). 

Thiocarbamide tones, which range from grey 
to violet, can be obtained with the above 
developer by adding 1 part in 20 of a solution 
of 0-8 per cent thiocarbamide and 0 3 per cent 
ammonium bromide. A warm tone developer — 
preferably glycin or glycin-chlorquinol — used 
instead of the standard M.Q. and ammonium 
bromide/carbonate mixture gives even better 
results. 

A silver nitrate physical developer can also 
be used for lantern slides. A suitable formula 
is: 

Stock solution A 

Metol I ounce 25 grams 

Sodium sulphite, anhyd. } ounce 12 grams 

Distilled water to make 40 ounces 1,000 c.cm. 

Stock solution B 

Silver nitrate 350 grains 20 grams 

Sodium sulphite, anhyd. 350 grains 20 grams 

Sodium thiosulphate 

(hypo) 1} ounces 35 grams 

Distilled water to make 40 ounces 1,000 c.cm. 

Dissolve the ingredients separately, and 
slowly add the silver nitrate to the sodium 
sulphite solution, followed by the hypo. Just 
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before use mix equal parts of A and B. This 
developer needs greatly increased printing 
exposures. The final image is blue-grey. 

The physical silver developer can also be 
used together with a normal or warm tone 
formula, either by transferring the slide from 
one solution to the other, or by making up 
suitable mixtures of physical and normal 
developer. 

An ordinary pyro-soda negative developer 
will give warm black image tones on lantern 
slides. For increasingly warm tones an am- 
monium bromide and ammonium carbonate 
restrainer can be added to the developer in the 
same way as with a standard M.Q. developer 

DILUTION OF DEVELOPERS 

For reasons of convenience many modem 
developers are made up or sold in concentrated 
stock solutions requiring dilution before use. 
The degree of dilution depends on the initial 
concentration of the stock solution (which is 
limited by the solubility of the ingredients) 
and the purpose for which the developer is 
used. Thus the solution is generally diluted 
more for tank than dish development of 
negative materials or for development of 
papers. 

The degree of dilution affects: 

(1) The development time. 

(2) The contrast. 

(3) The exhaustion. 

(4) The grain. 

(5) The keeping qualities. 

Development Time. The more a developer is 
diluted, the lower its activity (because of the 
lower concentration of the developing agents 
and alkali), and the longer the development 
time. Concentrated developers are therefore 
used where speed is important, and diluted 
solutions where the development rate is less 
vital, as in tank or stand development. 

The increase in development time with dilu- 
tion depends on the nature of the developer. 
With standard M.Q. carbonate developers the 
time is proportional to dilution around the 
ideal concentration. However, the time in- 
creases more at higher dilutions and decreases 
less at much higher concentrations. With the 
buffered type of formulae the development 
time does not change so much with dilution. 
Thus with some fine grain developers of this 
kind a ten-fold dilution of the standard working 
solution may only result in treble the develop- 
ment time. 

Contrast In addition to the effect on develop- 
ment time, dilution tends to reduce the con- 
trast obtainable. This is important with 
materials that are more or less developed to 
finality such as printing papers. The reason is 
that at higher dilutions the development rate 
falls off more rapidly as development pro- 
gresses, than at lower dilutions where the 
development rate tends to be more constant. 
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Contrast developers are therefore used in 
more concentrated solutions than standard 
developers. 

Exhaustion. At higher dilutions the exhaustion 
of the developer tends to be more complete 
than at lower dilutions. In practice that means 
that a smaller amount of stock solution can be 
used per film or other unit area of sensitive 
material in tank development with highly 
diluted developer. This method of development 
is therefore more economical than develop- 
ment with more concentrated solutions which 
are generally discarded long before they are 
exhausted. 

The limit to the useful degree of dilution is 
set by the minimum amount of developing 
agents in the solution required per unit area 
of the material. When operating near or below 
this limit there is a risk that the working solu- 
tion will exhaust itself before development has 
gone far enough, or at least that the activity will 
drop so much during development that the 
action cannot be accurately controlled. 

Grain. Owing to the reduced activity of a 
diluted developer, the grain obtained is finer. 
In practice this is, however, not the ideal way of 
producing fine grain images, because it also 
gives lower contrast. The decrease in graininess 
is not very great if the image is developed to a 
higher contrast. 

Keeping Qualities. Dilution seriously shortens 
the storage life of a developer. This is because 
of the lower concentration of preservative in 
the dilute solutions and because a given amount 
of oxidation makes proportionally greater 
inroads into the concentration of the develop- 
ing agents. This is the main reason (apart from 
convenience) why developers are stored in 
concentrated stock solutions. After use, a 
diluted working solution is best discarded. 


EXHAUSTION OF DEVELOPERS 

The number of negatives or prints which a 
given amount of developer solution will 
develop depends on: the composition and 
concentration of the developer, the area of 
the emulsion surface (i.e., the negative or 
print size), and the density of the image 
developed (a dense negative or print takes more 
out of the solution than a thin one). 

The combined effect of all these variables 
can be found out only by experience. In any 
event the final result aimed at varies with the 
photographer. So it is not possible to give 
more than the following general guidance. 
Negative Developers. The list below gives the 
developer requirements for typical batches of 
plates of various sizes when developed in a dish. 

If the plates are developed one after the 
other the development time will have to be 
increased by about 5 per cent for each plate. 

With normal tank developers made up by 
diluting concentrated stock solutions, allow 
about 16-20 ounces (400-500 c.cm.) per 


AMOUNT OF DEVELOPER REQUIRED 


Batch 

Amount of Working 
Solution 

4 plates, 

2J x 3J ins. (6 x 9 cm.) 

3—4 ounces 

2 quarter-plates, 

3J X 4J ins. (9 x 12 cm.) 

(80- 100 c.cm.) 

2 half-plates, 

4f X 61 ins. (13 X IBcm.) 

6-8 ounces 

(160-200 c.cm.) 

2 whole-plates, 

6| x B^ins. (18 x 24 cm.) 

12-16 ounces 
(320-400 c.cm.) 


standard film of 70 sq. ins. (450 sq.cm.). Use 
the working solution once only. This film area 
corresponds approximately to an 8-exposure 
(2J x 3f ins. or 6 x 9 cm.) length of roll 
film or a 36-exposure length of 35 mm. film. 

For tank development in a small capacity 
tank, allow about 5-7 ounces (140-200 c.cm.) 
of working solution. Use once only. 

With concentrated fi ne grain tank developers 
of the metol-hydroquinone-borax and other 
types of similar concentration, 16-20 ounces 
(400-500 c.cm.) will develop about two to four 
standard films. Again, the time has to be in- 
creased by about 5-10 per cent for each film 
developed. 

With fine grain developers and commercial 
tank developers used in large bulk processing 
tanks replenishes can be added to make up 
for the lost developer activity. 

Print Developers. When print developers are 
exhausted the image colour of the print may 
suffer and the longer development times neces- 
sary will cause staining of the paper. 

The number of prints an average negative 
developer will develop depends on the size of 
the prints, as well as developer concentration. 

Contact paper developers are generally used 
in comparatively strong solutions and they 
will usually do more work for a given volume 
than the weaker solutions used for enlarging 
papers. The exact exhaustion also depends on 
the proportion of dark tones in the prints; dark 

AVERAGE EXHAUSTION DATA FOR DEVELOPERS 


Print Size Approximate Number of Prints 

Developed by: 

ins. cm. * 10 ounces *20 ounces 

(250-300 c.cm.) (500-600 c.cm. 

of Bromide of Bromide 

Paper Developer Paper Developer 


It X 

21 

6x6 

50 

100 

21 x 

31 

6x9 

35 

70 

3, x 

41 

9 x 12 

18 

35 

3t x 

51 

9 x 14 

15 

30 

41 X 

61 

12 x 16 

10 

20 

5 x 

7 

13 x IB 

6 

16 

61 X 

81 

16 x 21 

6 

12 

7 x 

»i 

IB x 24 

3-4 

7 

8 x 

10 

20 x 25 

3-4 

7 

10 x 

12 

25 x 30 

2-3 

5 

12 x 

15 

30 x 38 

— 

3-- 


•Only half this amount applies when using Contact 
Developer. 
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prints use up more developer than light ones. 
When a bromide or contact paper developer is 
nearly exhausted the image-tones appear 
greenish-black, even after full development. 

Once developer has been used, it does not 
keep well and should be thrown away. For 
economical working, prints are best planned 
in batches just large enough for each lot 
of developer made up. For this reason it is 
economical to deal with prints in uniform 


batches and to make up just sufficient developer 
to do one batch at a time. L.A.M. 

See also : Chemicals; Cold weather; Colour film process- 
ing; Developer improver; Developers {obsolete); Devel- 
opertesting; Developing agent; Development after fixing; 
Development and fixing combined; Development history; 
Development theory; Fine grain technique; Hot weather 
processing; Latent image; Physical development; Rapid 
processing; Solutions; Tropical photography. 

Books: All About Formulae, by C. I. Jacobson (London); 
Developing, by C. I. Jacobson (London); The Photo-Lab- 
Index , ed. by H. M. Lester (New York). 


DEVELOPERS (OBSOLETE). A number of 
developing agents which were popular around 
fifty years ago have now fallen into disuse. Of 
these, the main agents are ferrous oxalate, 
edinol, eikonogen, metoquinone and ortol. 
Ferrous Oxalate. This is the only inorganic 
developing agent which has ever been used to 
any great extent in practice. It is a clean- 
working developer which produces hardly any 
fog, but it is very sensitive to the presence 
of potassium bromide which materially de- 
creases the effective emulsion speed. The 
developing agent itself, FeC a 0 4 , is invariably 
prepared in solution by mixing ferrous sul- 
phate with excess potassium oxalate: 


A. Ferrous sulphate S ounces 

Sulphuric acid, 10 percent 
solution 290 minims 

(or citric acid 10 grains 

Distilled water to make 20 ounces 


B. Potassium oxalate 
(neutral) 

Distilled water to make 


10 ounces 
40 ounces 


125 grams 

15 c.cm. 

I -2 grams) 
500 c.cm. 

250 grams 
1,000 c.cm. 


For use pour 1 part of A slowly into 3 parts 
of B, stirring well all the time. If the solutions 
are mixed the other way round, a yellow 
precipitate of ferrous oxalate is formed. This 
is insoluble in plain water and soluble only in 
potassium oxalate solution; once formed it is 
very difficult to dissolve. 

A white deposit of calcium oxalate may be 
produced in the emulsion during fixing or 
washing if the water for the latter processes is 
hard. The deposit can be removed by a final 
rinse in a 0 5 per cent hydrochloric acid solu- 
tion. 

Edinol. Para-aminosaligenin, NH 2 C,H a OH. 
CHjOH. This is a derivative of para-amino- 
phenol which it resembles in its action. It is 
fairly soft-working, and can be used as a 
developer with sulphite and carbonate. A 
suitable formula is : 


Sodium sulphite, anhydrous 5 ounces 
Edinol £ ounce 

Sodium carbonate, anhydrous 1$ ounces 
Water to make 40 ounces 


125 grams 
12 grams 
37 grams 
1,000 c.cm. 


Eikonogen. Sodium l-amino-2-naphthoI-6- 
sulphonate, NHjC 10 H,OH.SO,Na. This is a 
derivative of ortho-aminonaphthol, and re- 
sembles metol to some extent. A related sub- 


stance, l-amino-2-naphthol-4-sulphonic acid, 
has also been used as a developing agent. 
Eikonogen can be used either by itself with 
sulphite and alkali in the same way as metol, 
or combined with other developing agents such 
as hydroquinone or pyro. A suitable eikonogen 
formula is : 


Sodium sulphite, anhydrous 2 ounces 

Sodium carbonate, anhydrous f ounce 
Eikonogen I ounce 

Water to make 40 ounces 


50 grams 
19 grams 
25 grams 
1,000 c.cm. 


Metoquinone. (CH,NH.C,H 4 OH) 2 .C,H 4 (OH) a . 
This is a condensation product of 2 parts 
metol with 1 part hydroquinone. On dis- 
solving in an alkaline solution of sulphite it 
acts like a metol-hydroquinone developer con- 
taining the two developing agents in a pro- 
portion of 2 : 1. 

Ortol. (NH a C,H 4 OH)j.C,H 4 (OH)j. This is a 
condensation product of 2 parts ortho- 
aminophenol with 1 part hydroquinone. A 
suitable formula for a concentrated developer 
is: 


Potassium metabisulphite 1 ounce 

Sodium sulphite, anhydrous l& ounces 
Sodium carbonate, anhydrous I ounce 
Ortol $ ounce 

Water to make 40 ounces 


7 grams 
37 grams 
25 grams 
12 grams 
1,000 c.cm. 


For use dilute 1 part of the above with 10 
parts of water. L.A.M. 

See also: Development history. 


DEVELOPER TESTING. A developer is 
tested (as distinct from analysing it) by 
observing the behaviour of a sensitive emulsion 
developed in it, and possibly by comparing 
this with the behaviour of another developer- 
emulsion combination. Such tests are carried 
out to plot time-gamma curves and establish 
sensitometric data and to obtain information a- 
bout graininess, image structure and type, effect 
of variations of concentration, effect of different 
ingredients, temperature factors, etc. Much of 
this data is mainly of interest in the laboratory, 
and the testing procedures are laboratory 
methods. 

Developer tests which a photographer is 
likely to want to carry out himself, may in- 
clude: 

(1) Comparison of contrast and rate of 
action of different developers and establishing 
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an optimum development time for a new 
formula. 

(2) Comparison of effective emulsion speed 
of different developers, or one developer at 
different development times. 

(3) Comparison of graininess with different 
developers. 

Basic Test Procedure. The practical part of 
most tests follows the same lines: 

(1) Prepare two or more series of test expo- 
sures on a standard film. Each series should 
cover about seven exposures from one-eighth 
correct to eight times correct exposure. The 
subject should be one with a fairly long scale 
of tones from a reasonable amount of shadows 
to bright highlights; an indoor scene lit by 
lamps is best as it is easily reproducible and 
will not change in brightness with the weather. 
A suitable mark— e.g., a card with numbers 
which are changed for every shot — will help 
to identify the exposures given. 

One good way of making the series is to use 
a 35 mm. miniature camera, and shoot off about 
three series on one cassette load, leaving a 
suitable number of empty frames between each 
set. The film can then be cut up at these empty 
frames before development. 

As few cameras have really accurate shutters, 
the exposure for each shot of a series is best 
controlled by changing the aperture, keeping 
the shutter speed constant. 

All the strips for a set nf tests should be 
exposed at the same time. 

(2) Develop one of the series or strips in a 
standard developer under standard conditions. 
This will serve as control. 

(3) Develop the other series or strips in the 
developers, or under the conditions, to be 
tested. 

The evaluation of the results depends on the 
purpose for which the test is required. 
Establishing Development Times. For this 
purpose a fair number of test series are re- 
quired. If an approximate development time is 
known, a single test stage will give the neces- 
sary information; otherwise the test involves 
two stages. 

To find an approximate time, first develop, 
say, five exposure sets for varying times. The 
range of times chosen will depend on the type 
of developer. For instance, a rapid developer 
with a medium speed film might be given 
times from 6 to 12 minutes, or a normal fine 
grain developer from 15 to 30 minutes. There 
should be a constant difference between the 
sets; thus the first set would be developed for 
15 minutes, the second for 18, the third for 21 
and so on. 

Examination of the developed strips for 
contrast will then show which is nearest the 
correct time. 

The negative selected should be the one 
which has received the minimum correct 
exposure — i.e., in which the shadow detail is 
just visible in the image. 


To some extent the judgment will be arbi- 
trary, and it may be desirable to make enlarge- 
ments from the best negative to see whether 
the gradation is suitable for the paper and 
printing procedure to be used. Comparison 
with the control strip will also help. 

All processing temperatures must, of course, 
be the same, and each strip should be de- 
veloped in fresh developer, preferably diluted 
from the same batch of stock solution. 
Comparison of Effective Emulsion Speed. This 
type of test may be useful for investigating the 
merits of finality development or claims for 
increased emulsion speed with maximum 
energy developers. 

Here again a control strip is developed in a 
standard formula, while the other strips are 
developed in the formula to be tested. When 
investigating finality development, the test 
series is developed in the same solution as the 
control, but for an appropriately longer time. 

To assess the gain in speed, the negatives 
corresponding to minimum correct exposure 
in the control and the test series should be 
compared. If these negatives have received the 
same exposure, the gain is obviously nil; 
where, say, the first correct negative in the con- 
trol set corresponds to/ 5 -6 and in the test set 
to / 8, the gain is 1 stop, or 100 per cent. 
Intermediate stages can generally be judged by 
estimation. 

Comparison of Graininess. Here the control 
strip is compared with a strip developed in the 
test developer for an optimum time as esta- 
blished separately. If that is not possible, the 
comparison strip is developed for a time re- 
commended by the makers of the film or 
developer. The control developer should be a 
standard fine grain — e.g., M.Q. borax — for- 
mula, while the film should be a high speed 
coarse-grained type. 

The negatives corresponding to the mini- 
mum correct exposure on each strip are com- 
pared for graininess. For this purpose, 20- 
diameter enlargements are made of a portion 
of the image which shows typical highlights, 
middle tones and shadows. The paper used 
should be a normal grade, glossy bromide 
paper in both cases ; the control as well as the 
test film must therefore be developed to a 
suitable contrast f or this paper grade. 

It is important also to avoid enlarger vibra- 
tion, as that will immediately destroy the 
definition of the graininess in the print. L.A.M. 

DEVELOPING AGENT. Chemically, a devel- 
oping agent is a reducing agent (not to be 
confused with a photographic reducer, used for 
decreasing the density of the silver image). 

Developing agents can be classified according 
to their individual chemical properties, and to 
the way they behave in developers. The 
behaviour of any particular developing agent 
depends on the other ingredients present. Those 
affect its keeping quality, activity, and fine grain 
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DEVELOPING AGENTS COMPARED 


Usual Name 

Other Names 

Chemical Name 
and Formula 

Solubility at Normal 

Water Alkali 

Solutions 

Temperature 

Sulphite 

Solutions 

Keeping Quality 
in Solutions 
Weakly Strongly 

Alkaline Alkaline 

Amidol 

Dianol, Dolmi 

2 : 4-diaminophenol 

hydrochloride 

C,H t OH(NH t CI) t 

Freely 

soluble 

Freely 

soluble 

Freely 

soluble 

Does not 
keep 

Does not 
keep 

Chlorquinol 

Adurol, Chlor- 
hydroquinone 

l-chloro-2 : 5- 

dihydroxybenzene 

CIC,H,(OH)j 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 

Good 

Moderate 

Glycin 

Kodurol 

p-hydroxyphenylamino Almost 
acetic acid insoluble 

OH.C.H,. NH(CH.COOH) 

Freely 

soluble 

Fairly 

soluble 

Very 

good 

Good 

Hydroquinone 

Quinol 

P-di hydroxy benzene 
C.H 4 (OH). 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 

Moderate 

Poor 

Meritol 

(Proprietary 
developing agent) 

Condensation product 
of para-phenylene 
diamine and o-di- 
hydroxybenzene 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

good 

Poor 

Metol 

Elon, Pertol, 
Pictol, Planetol, 
Rhodol, etc. 

l-hydroxy-4- Fairly 

methylamino benzene soluble 
sulphate (monomethyl- 
p-aminophenol sulphate) 
OHC.H.NHCH.HSO.iH.SO, 

Fairly 

soluble 

Slightly 

soluble 

Very 

good 

Fairly 

good 

Metol-hydro- 

quinone 

Metol-quinol, 

M.-Q. 





Good 

Moderate 

Ortho-phony- 
lene diamine 

O.P.D. 

1 : 2 diamino benzene 
C.H 1 (NH 1 ), 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 

Good 

Moderate 

Para-amino 
phenol (base) 


l-hydroxy-4-amino 

benzene 

OH.C i H*NH l 

Very 

soluble 

Fairly 

soluble 

Slightly 

soluble 

Good 

Good 

Para-aminophe- 
nol hydrochloride 

l-hydroxy-4-amino 
benzene hydrochloride 
OH C«H 4 NH,CI 

Fairly 

soluble 

Fairly 

soluble 

Slightly 

soluble 



Para-pheny- 
lene diamine 

P.P.D. 

1 : 4-diamino benzene 
C.H.fNH,). 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 

Moderate 

Moderate 

Para-phenylene 
diamine hydro- 
chloride 


1 : 4-diamino benzene 

hydchloride 

C 4 H 4 (NH,CI) t 

Fairly 

soluble 

Fairly 

soluble 

Fairly 

soluble 



Phenidone 

(Proprietary 
developing agent) 

l-phenyl-3-pyrazolidone Slightly 
C i H,N(CH 1 ) t NHCO soluble 

Fairly 

soluble 

Fairly 

soluble 

Very 

good 

Good 

P/ro 

Pyrogallic acid, 
pyrogallol 

1:2: 3-tri- 

hydroxybenzene 

C i H 1 (OH) i 

Freely 

soluble 

Highly 

soluble 

Freely 

soluble 

Poor 

Very 

poor 

Pyrocatechin 

Catechol, 

Catechin 

1 : 2-dihydroxybenzene 
C.H 4 (OH), 

Freely 

soluble 

Highly 

soluble 

Freely 

soluble 

Poor 

Very 

poor 
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DEVELOPING AGENTS COMPARED 


Temperature 

Coefficient 

Inherent 

Groin 

Development 

Speed 

(Activity) 

Other Characteristics 

Remarks 

Normal 

Normal 

Normal 

Normal contrast. Will develop 
even in acid solution or in 
presence of hypo. Low fog for- 
mation 

Amidol developers easily give pure blacks on 
bromide papers. Suitable for any normal 
developer, but not very popular owing 
to low keeping qualities 

Fairly high 

High 

Normal 

High contrast. Greatly resembles 
hydroquinone, but is more stable 
and less sensitive to temperature. 
Low fog formation 

Warm tone developer for chlorobromide 
papers .Also suitable in any normal developer 
instead of hydroquinone 

High 

Normal 

Low, except 
in strongly 
alkaline 
solution 

Normal to soft gradation. Very 
low fog formation 

Used in warm tone developers and in fine 
grain formulae. Very suitable for slow de- 
velopment methods as it produces practically 
no aerial fog 

High 

High 

Faster the 
more 
strongly 
alkaline 

High contrast, particularly with 
caustic soda or potash. High fog 
formation, hence needs lot of 
restrainer 

Used as high contrast developer with caustic 
alkalies. Also in warm tone and normal 
developers 

Normal 

Low 

Low 

Fairly low contrast. Low fog 
formation 

Used in fine grain developers. Has some 
characteristics of both paraphenylene diamine 
and pyrocatechin 

Normal 

Normal 

High 

Very low contrast. Moderate fog 
formation 

Used in low contrast developers. Impurities 
in metol may cause skin poisoning with some 
people. Also used in many standard and fine 
grain formulae. See metol-hydroquinone 

Normal 

Normal 

Normal 

Average contrast; depends on 
relative proportions of metol and 
hydroquinone. Moderate fog 

Mixture of developing agents; forms basis of 
many popular standard developers. Combines 
high activity of metol with contrast giving 
properties of hydroquinone 

Normal 

Low 

Very low 

Low contrast. Low fog forma- 
tion 

Used in fine grain developers. Similar to para- 
phenylene diamine, but does not stain 

Normal 

Normal 

Normal 

Low contrast. Low fog forma- 
tion 

Similar in some ways to metol, and used 
instead of the latter by people sensitive to 
metol poisoning. Also main constituent of 
many concentrated one-solution developers 

Normal 

Very low 

Very low 

Very low contrast. Moderately 
low fog 

Used in many super-fine grain developers 
either alone or in combination with another 
developing agent (glycin, metol, etc.) 

Normal 

Normal 

High 

Soft gradation, resembles metol, 
but can be used in much lower 
concentrations 

Used in combination with hydroquinone in 
developers of similar characteristics to 
metol-hydroquinone. Low toxicity and 
freedomfrom tendency to cause dermatitis 

High 

High 

High 

Fairly high contrast. Stains the 
image during development. A 
great deal of control is possible 
with pyro developers by altering 
bromide concentration 

Traditional dish developer. Also used in pyro- 
metol developers 

Very high 

Normal 

High 

High contrast. Moderate fog 
formation. Stains and tans the 
image during development 

Used in special tanning developers. Also 
ingredient of Meritol fine grain developers 
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properties. So from a practical point of view it 
is better to consider the more common developer 
formulae and their agents at the same time. 
Keeping Quality. Most developing agents are 
more rapidly oxidized in strongly alkaline 
solutions than in weakly alkaline or neutral 
ones. Apart from this, however, some develop- 
ing agents tend to keep better in solution than 
others, while some do not keep at all. 
Development Speed. This depends largely on 
the alkalinity of the solution, the amount of 
restrainer, and the concentration of the devel- 
oping agent. The table above shows only the 
inherent activity of the developing agent, not 
how it behaves when made up into a developer. 

The Watkins Factor does, however, offer a 
more accurate and less variable basis for 
comparing development speeds. 

Effect on Emulsion. Some developing agents 
tend to produce images of low gamma while 
others are more suitable for use in high con- 
trast developers giving high gamma. 

The function of a developer should be only to 
act on the silver salts that have been exposed 
to light. Unfortunately, most developing agents 
also affect unexposed silver salts, producing a 
silver deposit which has nothing to do with the 
photographic image. This is known as fog. 

Much of the inherent tendency of a developer 
to form a fog depends on the developing agent. 
It is counteracted by adding a restrainer or a 
developer improver. The greater the fog form- 
ation, the more restrainer is needed. 

The graininess in an emulsion is to some 
extent proportional to the activity of the agent. 


Low energy agents tend to make better fine 
grain developers. But with a suitable formula 
of controlled alkalinity and activity almost any 
developing agent can be used in a fine grain 
developer. 

Effect ofTemperature. Thewarmerthedeveloper 
solution, the more rapidly it acts. The increase 
in development speed with temperature varies 
with the different developing agents. This 
sensitivity to temperature is stated in terms of a 
temperature coefficient. This is the ratio of the 
development times at two temperatures diff ering 
by 10° C. (18° F.). Thus, if a developer takes 
minutes at 24° C. to develop a given film, and 
1 5 minutes at 14° C. to give the same result, the 
ratio is 15/7$, or 2 0. This is the temperature 
coefficient for that particular developer. The 
coefficient also depends to some extent on the 
composition of the whole developer. A normal 
value is about l’8-2'2. 

Some developing agents stop working 
altogether at low temperatures. 

Solubility. All developers contain the developing 
agent in solution, and most agents are soluble 
in water. Some are almost insoluble in water 
alone, and will dissolve only if the formula also 
contains alkali. Other agents (e.g., metol) will 
not dissolve readily if the solution already 
contains a lot of sodium sulphite. So metol is 
always dissolved in pure water and the sulphite 
added afterwards. Sometimes alcohol is added 
to the solution to increase the solubility of the 
developing agent. L.A.M. 

See also: Reducer. 

Book: Developing , by C. I. Jacobson (London). 


DEVELOPING NEGATIVES 


During exposure the light falling on the sensi- 
tive material affects the silver salts in the emul- 
sion and forms a latent image. This latent 
image reacts with the developer during the 
development process which converts it into 
black visible silver. 

This silver forms the final image which 
remains after the unused silver salts are dis- 
solved and washed away in the fixing and 
washing baths that follow development. 

There are two main methods of developing 
films and plates : by inspection or by time and 
temperature. 

For the first, the material is usually developed 
in a dish in the darkroom by a suitable dark- 
room safelight. 

For time and temperature development a 
dish may still be used; but it is usually more 
convenient to use a tank, particularly with 
roll and miniature films. 

INSPECTION 

This is the oldest way of developing plates 
or films. The sensitized material is immersed, 
emulsion up, in a dish of developer, and 


watched as the image appears. This is often 
called dish development. 

It must be done by the light of a suitable 
safelight. High speed panchromatic materials 
are sensitive to even the dimmest darkroom 
safelight, and must only be examined inter- 
mittently. Desensitizers can be used to lower 
the sensitivity of the emulsion and allow 
brighter safelights to be used. 

Plates. As soon as the plate is in the developer 
the dish is gently rocked to keep the solution 
moving over the surface. For the first few 
moments (or minutes, with a slow working 
developer) there is a delay (the induction 
period) during which the solution penetrates 
into the gelatin layer. 

Then, gradually, signs of the image begin to 
appear. At first only the parts which have 
received the most exposure (the highlights in 
the negative) show up. Then the medium 
tones follow, and finally the shadows where 
the deposit of black metallic silver is least. 

The image builds up density, and gets darker 
and darker, until no details are visible on the 
face of the plate as it lies in the dish. But when 
the plate is looked at from the back, the high- 
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lights and half tones appear black and dark 
grey, with the shadows light grey. 

At this point development is complete. The 
plate is rinsed in clean water, and transferred 
to the fixing bath. 

As long as the greater part of the image still 
looks white or light grey from the back, the 
negative is under-developed. If the plate is 
completely black all over it is over-developed. 

The ability to judge the correct degree of 
development by the dim darkroom illumina- 
tion comes from practice. As development 
tends to start at the surface, the first deposit 
of silver completely hides what is happening 
underneath. But if the back of the plate is 
examined, the gradual building up of the 
image is easy to follow. 

This process of depth development does not 
occur with some of the fine grain developers. 
With such developers examination of the un- 
fixed negative from the back may be mislead- 
ing. These developers are, however, rarely used 
for processing by inspection. 

The complete steps in processing plates and 
sheet films by inspection are as follows : 

(1) Immerse the plate or film, face up, in the 
dish of developer, making sure that the solu- 
tion covers the whole surface at once. 

(2) Dislodge any airbells from the surface of 
the emulsion. 

(3) Rock the dish gently, but not too evenly, 
all the time. 

(4) Inspect the negative from time to time, 
lifting it out to see the image from the back, if 
necessary. Keep the dish covered with a. card 
at all other times, and do not prolong the 
inspection especially with fast panchromatic 
plates. 

(5) When development has reached the 
required point, transfer the film or plate to a 
dish of clean water for 1 minute. 

(6) Transfer the negative to the fixer. 

(7) Rock the fixing dish occasionally, and 
leave the negative in it for about twice as long 
as the time required to discharge all traces of 
milkiness from the emulsion layer. 

(8) Wash the negatives in running water for 
at least thirty minutes, or in eight changes of 
water of three to five minutes each. With 



PROGRESS OF DEVELOPMENT. Development in most developers 
begins ot the surf ace of the emulsion and progresses downwards 
with increasing development time. 




SEE-SAW DEVELOPMENT. The two ends of the film ore 
alternately lowered and raised so that the bottom of the loop 
passes continually through the solution. 

plates take care they do not slide over each 
other in the washing dish. 

(9) Lift the plates out of the washing water, 
drain, and stand up on edge in a dust-free 
place to dry. Alternatively, stand the plates 
in a drying rack. Sheet films should be hung 
up on a line by means of small film clips. 

Roll F ilins . Roll films are developed in the 
same way as plates, but the manipulation is 
somewhat different. The best method is to 
hold the two ends of the film in the hands 
(preferably with a pair of film clips) and to let 
the centre hang down so as to form a loop. This 
loop is then immersed in the solution and the 
film is see-sawed backwards and forwards to 
keep the whole length constantly wetted. A 
preliminary soak in plain water makes the film 
limp and easier to handle. 

Short lengths of 35 mm. film can be see- 
sawed, but a full-length thirty-six-exposure 
film is too long to manage in this way. 

Processing must be carried out by the light 
of a suitable safelight. The complete processing 
steps are: 

(1) Unroll the film from its backing paper 
and attach a film clip at each end. 

(2) Hold the two ends with the clips so that 
the centre hangs down to form a loop, with 
the emulsion on the inside. 

(3) Immerse the bottom of the loop in the 
developer dish. 

(4) Immediately lower one end of the film, 
raising the other; then raise the first end and 
lower the Other, so that the loop stays in the 
solution all the time, but the film gets wet from 
end to end. 

(5) Continue see-sawing the film through the 
developer in this way. 

(6) When the images appear developed to 
the required degree, lift the film out of the 
developer, and see-saw it through a dish of 
clean water for 1-2 minutes. 

(7) Transfer the film to the fixer and con- 
tinue see-sawing for twice the time required to 
clear the film of all milkiness. 

(8) Clip the two ends of the film together or 
to a long board and immerse in a large bowl or 
basin of water. 
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(9) Wash in running water for at least thirty 
minutes, or in six to eight changes of water, 
renewing the water every three to five minutes. 

(10) Drain the film and hang up to dry by 
hooking the clip at one end on to a suitable 
nail, etc, well away from any wall. 

Control of Contrast. Development by inspec- 
tion allows a certain degree of control over the 
final result. The length of development 
determines the contrast as well as the density 
of the negative. 

While it is difficult, if not impossible, to 
judge the contrast of a negative by safelight 
illumination, watching the negative density 
will give some idea of the progress of develop- 
ment. Negatives can therefore be developed 
individually to different degrees of contrast to 
suit the subject, provided the exposure has 
been reasonably correct in the first place. 

Thus contrasty subjects, such as brilliantly 
lit scenes, against-the-light shots, etc, may be 
given shorter development than normal ones; 
and flat subjects such as outdoor views in dull 
light, etc, may be given longer development. 

But to get the highest contrast it is better to 
use a contrast developer and to reduce the 
contrast of a contrasty subject it is better to 
use a soft developer or some kind of water- 
bath or two-bath development. These methods 
give the required contrast compensation 
without the excessive density produced by 
over-development, or the thinness which 
results from greatly reduced development. 
Compensating for Exposure Errors. When 
developing by inspection, a limited amount of 
compensation is possible for under- and over- 
exposed negatives. 

With an under-exposed negative the image 
takes an unusually long time to appear, and 
the shadow areas stay nearly white even when 
the rest of the negative is already black all 
over. If the image was greatly under-exposed, 
there is no remedy because although pro- 
longed development does increase the effective 
emulsion speed of the material, it also tends to 
increase the over-all contrast and beyond a 
certain point the negative becomes unprint- 




0 

0 

0 


DECREE OF DEVELOPMENT. The longer the developing time, 
the blacker the densities become. They increase in proportion to 
the original exposure, yielding successively a soft, normal, 
and contrasty image of increasing tone separation. 

334 


able. For known under-exposure it is best to 
use a high energy developer (e.g, of the pyro- 
metol type), or to add extra alkali to the solu- 
tion (in the form of 20 per cent sodium car- 
bonate solution). 

The image of an over-exposed negative 
flashes up and goes black all over almost 
immediately. If development is stopped at this 
point, the negative will be too soft, and not 
easy to print, except on very hard paper. It is 
therefore better to continue development so as 
to build up sufficient contrast and reduce the 
negative afterwards. 

An alternative method is to add a few drops 
of 10 per cent potassium bromide solution to 
the developer. This reduces the effective emul- 
sion speed, and still ensures a well-graded 
negative. 

None of these methods of control is practic- 
able with roll or 35 mm. films, where each film 
contains anything from eight to over thirty-six 
exposures, unless all the exposures require the 
same amount and kind of compensation. 
Factorial Development (Watkins Factor). At 
the end of the last century, A. Watkins showed 
that there was a relationship between the time 
of the first appearance of the image and the 
total time of development. He found that for 
any one developer the correct time of develop- 
ment can be calculated by noting the time it 
takes for the image to appear and multiplying 
that time by a factor. Within limits, the factor 
is not affected by the temperature of the 
developer, the type of film or plate being 
developed, or the strength of the developer. 
Every developer has its own factor, known as 
its Watkins Factor, and the system of develop- 
ment is known as factorial development. 

Example: if the time elapsing between 
placing a plate in the developer and the first 
sign of the image is 90 seconds, and the 
developer has a Watkins factor of 6, the total 
time of development should be 6 x 90 = 540 
seconds, or 9 minutes. 


WATKINS FACTORS 


Developing Agent 



Factor 

Amidol 



... 15-10 

Chlorquinol 



... 4-5 

Glycin 



... 8-10 

Hydroquinone 



... 5 

Metol 



... 30 

Metol-hydroquinone 




M. : H. ratio 1 : 1 



IB 

M. : H. ratio 1 : 2 



... 14 

M. : H. ratio 1 : 3 



... 12-13 

M. : H. ratio 1 : 4 



... 10-11 

M. : H. ratio 1 : 6 



... B-9 

Para-aminophenol ... 



... 15-20 

Pyrocatechin 



... 10 


No factors are included in the table for fine 
grain developers, as they are almost invariably 
used for time and temperature development 
and do not give the sort of image that can be 
judged by inspection. 

The factor for amidol depends on the 
concentration of the developing agent. The 
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figure in the table is about right for a developer 
containing about 140-200 grains of amidol per 
40 ounces of solution (4^6 grams per 1000 
c. cm.). For higher concentrations the factor is 
lower. 

The factor for pyro also depends on the 
concentration, as well as on the bromide 
content of the developer. For a typical formula 
containing 0 5 per cent pyro and 0-06 per cent 
potassium bromide in the working solution the 
factor is about 8-10. The more diluted the pyro 
developer and the lower its bromide content, 
the higher the factor. 

Factorial development does not give correct 
results with over- or under-exposed negatives. 

An image that has not had a long enough 
exposure begins to appear much more slowly 
than normal. Thus, use of the normal factor 
would give greatly over-developed and 
contrasty negatives. 

An over-exposed negative, on the other 
hand, appears too soon, so that a normal 
factor would lead to under-developed and soft 
negatives. 

Factorial development is not reliable over 
wide ranges of temperature. Most of the factors, 
however, work well enough between about 62“ 
and 70°F. (17-21°C.). 

Certain desensitizers also affect the factor of 
some developing agents. For instance, pheno- 
safranin greatly increases the factor of hydro- 
quinone. With most developers, however, the 
effect is small. The factor is also affected by 
sensitizing dyes. 

Development Times. The various manufac- 
turers recommend development times for their 
materials in certain standard developers. These 
times are intended mainly as a guide rather 
than as absolutely correct values. There is in 
fact no such thing as one correct development 
time; apart from variables such as agitation, 
etc., a great deal also depends on personal 
preference. For instance, some photographers 
may prefer comparatively thin negatives of 
low contrast which will enlarge well on a hard 
paper grade and need only short enlarging 
exposures; others again favour more vigorous 
negatives (especially when they are to be 
printed by contact). The range of correct 
development times is thus rather wide; com- 
parison of different recommendations for 
essentially similar developers and negative 
materials may show variations of up to 100 
per cent. 

For that reason no development times are 
given here. The best procedure for establishing 
a suitable development time for a given 
developer-film combination is therefore to 
start from the maker’s recommended figure, 
and modify it according to individual require- 
ments. If the negatives turn out too contrasty 
the time can be reduced by 20-30 per cent; if 
they are too soft for the particular printing 
procedure employed, increase the time up to 
50 per cent. 


TIME AND TEMPERATURE 

For any one film-developer combination the 
degree of development (under conditions of 
standard agitation) depends only on the 
temperature of the developer and on the time 
during which it is allowed to act. It is therefore 
possible to make sure of a given result by 
developing for a known time at a fixed tem- 
perature provided the negative was correctly 
exposed. This is the basis of time and tempera- 
ture development. 

If it is known that a certain film and developer 
give the desired type of negative in 10 minutes 
at 65° F., there is no need to look at the film 
at all during development. If it is left in the 
developer for 10 minutes at 65° F. the nega- 
tives will always be of the same quality with 
that film and developer. 

This is of special use in tank development 
where the film is processed inside a closed 
light-tight container. Neither darkroom nor 
safelight is needed and all operations (except 
that of loading the film into the tank) may be 
carried out in broad daylight. 

Development by time and temperature does 
away with the uncertainty of judging the 
image by weak darkroom illumination but, on 
the other hand, no individual control is 
possible as in development by inspection. 

A number of variable factors have a bearing 
on the correct time of development: negative 
contrast; negative material; temperature; 
agitation. 

Negative Contrast The negative contrast aimed 
at is decided partly by personal taste, and 
partly by the printing process to be used. 

Apart from individual preferences, miniature 
negatives are usually developed to a lower con- 
trast (about gamma 0-7-0-8) than larger nega- 
tives (gamma 0-9—1 -0). The reason for this is 
partly the finer grain obtained with shortened 
development, and partly the fact that fully 
developed negatives are denser and may require 
inconveniently long enlarging times. In addi- 
tion a certain amount of contrast control may 
be desirable with a roll of film consisting of 
exposures of the same or similar subjects. 
Negative Material. Different negative materials 
require different development times; some 
develop more slowly, others more rapidly. It 
is usual to divide negative materials into a 
number of development groups. Times are 
then quoted for materials of normal develop- 
ment speed, and modified accordingly for 
materials in any of the other groups. 
Temperature. The temperatura effect varies 
with the type of developer and is expressed as 
a temperature coefficient. This is the factor by 
which the development time has to be multi- 
plied for a fall of 10° C. (18° F.) in the develop- 
ment temperature. 

For most developers the temperature co- 
efficient is in the neighbourhood of 1 -9, though 
it may be as low as 1-5 or as high as 2-5. 
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Strongly alkaline developers of the high con- 
trast type such as caustic hydroquinone have 
high temperature coefficients. On the other 
hand, soft working developers like metol are 
much less affected by changes in temperature. 

The useful range of development tempera- 
tures is about 60-75° F. (15-24° C.). At 
temperatures lower than 60° F. development 
times are inconveniently long; above 75° F. 
the gelatin emulsion becomes soft, and extra 
care is needed in handling the film to avoid 
injury to the gelatin. In fact, the use of hard- 
eners or even special hot weather processing is 
advisable at high temperatures. 

The table below gives the variations in 
development time for an average developer. 


DEVELOPMENT TIMES AT VARIOUS TEMPERATURES 


Time in 
Minutes 
at 65°F. 
(ie-4°c.) 

60° F. 
(!5-5°C.) 

Corresponding Time in Minutes at 

625°F. 68°F. 70°F. 75°F. 

(I7°C.) (20°C.) (2I°C.) (24°C.) 

5 

6 

5* 

41 

41 

31 

6 

7* 

6i 

Si 

5 

4 

7 

0* 

7! 

H 

6 

5 

e 

n 

B| 

71 

81 

5» 

9 

ii 

10 

81 

71 

4 

10 

12 

II 

9 

81 

7 

ii 

13 

12 

10 

91 

71 

12 

14* 

13 

II 

10 

81 

13 

16 

14* 

12 

II 

9 

14 

17 

15* 

13 

11 

91 

15 

IB 

16* 

131 

HI 

101 

16 

19* 

17* 

Hi 

131 

II 

17 

70* 

19 

151 

141 

Mi 

16 

22 

20 

161 

15 

HI 

19 

23 

21 

17 

16 

13 

20 

24 

22 

IB 

17 

14 

21 

75* 

73* 

19 

171 

'4 

22 

76* 

74* 

20 

181 

15* 

23 

26 

75* 

21 

I9J 

16 

24 

29 

76* 

22 

10 

161 

25 

30* 

26 

111 

21 

17 

26 

31* 

29 

131 

22 

18 

27 

33 

30 

191 

HI 

181 

28 

34 

31 

151 

231 

191 

29 

35 

32 

16 

241 

20 


Agitation. By agitating the film in the developer, 
fresh solution is brought into contact with the 
emulsion, while the used-up solution is carried 
away and mixed up with the bulk of the 
developer in the dish or tank. 

The film may be agitated all the time, or only 
intermittently. Constant agitation keeps the 
solution always on the move. It is essential 
with certain types of developing tank where 
the film is only partly immersed in the solu- 
tion. See-sawing a length of film through the 
solution is also a form of constant agitation. 
In bulk processing tanks the solution is often 
agitated by a mechanical mixing device. 

Intermittent agitation means agitation for a 
few seconds every two to three minutes. The 
solution is not mixed up as efficiently, therefore 
the film needs a longer development time. 
Usually the instructions with the developer 
quote the times for intermittent agitation ; for 
constant agitation they can be shortened by 
25-30 per cent. 


Insufficient agitation (with intervals of more 
than about four to five minutes) may cause 
streaks of uneven density, light rims round dark 
image areas or dark areas with lighter spots in 
the centre. 

Some degree of regular agitation during 
development is therefore essential. The shorter 
the over-all development time for the particu- 
lar film and developer used, the greater the 
danger of uneven action through insufficient 
agitation. With high speed developers and 
similar formulae the solution must never be 
allowed to stand still. 

Too regular agitation may cause flow marks 
when partly exhausted developer flows over 
the emulsion surface in the same way and the 
same direction all the time, e.g., by rocking the 
dish or rotating the film reel always with the 
same motion. The developer dish, or film reel, 
should therefore be moved unevenly in all 
directions. If the film can be raised out of the 
solution and allowed to drain from time to 
time, so much the belter. 

Special Developing Techniques. The normal 
standard development technique serves on most 
occasions, but occasionally it does not bring 
out some particular aspect of the subject, or 
it does not make the most of a subject with 
some abnormal feature about it — e.g., extreme 
contrast or flatness. In such cases it is often 
possible to apply one of the many variations 
of the standard developing technique, al- 
though usually what is gained in one direction 
is lost in others. (The debit side of the balance 
is frequently overlooked, an oversight which is 
responsible for many exaggerated claims for 
unorthodox techniques or developers.) 

There are, for example, non-standard 
techniques which aim at increasing film speed, 
improving grain, adjusting tone range, con- 
trast, printing quality, etc. The commoner 
variants are development to finality, stand 
development, high speed development, two- 
bath and water-bath development, and the 
use of special forebaths. 

TANK DEVELOPMENT 

Most types of developing tank for amateur 
use consist of a light-tight container (usually 
made of black bakelite or other plastic) with 
some sort of holder inside for the films and 
plates. 

Most roll film and 35 mm. film tanks carry 
the film wound up on a reel which may either 
be a spiral type or a reel with an apron. 

Types of Tank. The spiral tank reel consists of 
two discs connected by a hollow spindle; a 
spiral groove runs on the inside faces of each 
disc until it reaches the spindle at the centre. 
The film is loaded into this spiral groove, which 
is the exact length to accommodate the entire 
film. Sometimes, the separation of the discs is 
adjustable so that films of different sizes 
(widths) can be processed. 
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Tanks are also made which allow the film to 
be loaded in daylight. 

The basic construction of the apron tank is 
similar, except that the reel has no spiral groves. 
Instead, a celluloid or plastic band the same 
width as the film attaches to the centre spindle; 
the edges of this band have raised “dimples” 
embossed in alternate directions. The film is 
wound on to the spindle with the embossed 
band, the “dimples” of which touch the film 
attheedges only. 

Some roll film and 35 mm. tanks are of the 
self-loading spiral type. In these tanks the 
cheeks on the reel can be moved through a 
small angle in relation to each other ; the grooves 
are either moulded with projections which grip 
the film in one direction only, or the necessary 
one-way pressure is applied with the fingers. 
By turning the loose cheek to and fro, the film 
automatically feeds itself on to the reel once 
started in the spiral. 

Plate and sheet film tanks are simple rec- 
tangular boxes with vertical grooves inside the 
body (sometimes as a removable rack) into 
which the plates or films are loaded. Sheet 
films are first loaded into stiff frames for 
rigidity. 

Loading Spiral Tanks. The operations must be 
carried out in the dark. Their sequence is as 
follows: 

(1) Prepare the film end. 

(2) Feed the film into the beginning of the 
groove. 

(3) Gradually push the film into the reel. 

(4) Detach from backing paper or cassette 
spool. 

(5) Put the reel into the tank. 

After unrolling the beginning of the backing 
paper, the film end may be prepared by bending 
in the extreme edge and sharply folding it back 
on itself. That gives the film a reinforced 
leading edge which is not so likely to stick in 
the groove. This trick is useful with roll films 
which are comparatively thin (3/1000 in.), but 
less necessary with the thicker 35 mm. films 
(5/1000 in.). 

With 35 mm. film the specially shaped 
leader or trailer must be cut off. 

The prepared end is pushed into the en- 
trance of the spiral groove. (The reel must be 
absolutely dry, or the film may stick in the 
groove.) 

The film is then f ed into the groove gradu- 
ally, bit by bit, unrolling the backing paper or 
pulling the film out of the cassette at the same 
time. If the going becomes difficult, the best 
way is to grip the outside of the film already 
on the reel with the whole hand, and gently 
rotate it to pull more film into the groove. 

When all the film is on the reel, the other 
end must be detached from the backing paper. 
The tape with which the two are fastened 
should not stay on the film. With 35 mm. film 
the end is simply cut off as near to the cassette 
spool as possible. 



LOADING A ROLL FILM TANK. I. Break the seal of the roll 
and unwind the backing paper (in total darkness) until the 
end of the film itself is reached. 2. Unroll a little more to have 
about 3-4 ins. free ( but hold the spool to prevent it from un- 
winding altogether). 3. Guide the end of the film into the mouth 
of the spiral groove of the tank reel. A. Feed the film into the 
reel until the other end (attached to the backing paper) is 
reached. A self-loading tank reel with rotating flanges greatly 
simplifies this operation. 5. Detach the film from the backing 
paper and push the last bit into the reel. 
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DEVELOPING FILMS. I. Load the film into the tank, then pour 
in the developer. 2. Agitate the reel inside the tank, vigorously 
at first, and then at regular intervals. 3. Develop for the time 
recommended at the temperature of the solution. 4. Pour out the 
developer. 5. Fill the tank with clean water or with an acid 
hardening rinse. 6. Pour out the rinse. 7. Pour in the fixer. 
B. Fix for the required time, then pour out (the fixer can be 
re-used until exhausted). 9. Wash, preferably by running 
water, for at least | hour. 10. Give a last rinse with wetting 
agent and, if needed, a few drops of acid added. 1 1 . Wipe the 
film free from surplus water. 12. Hang up to dry. 


Finally the last bit of film is pushed into the 
groove, the reel inserted into the tank body, 
and the lid closed. 

There is also an alternative method. Here 
only the first few inches of the film are fed 
into the groove. The part of the film just out- 
side the reel is then gently arched by pressing 
the two edges together. 

While rotating the reel in the loading direc- 
tion the leading end of the film is pushed right 
into the centre of the reel. The arched part of 
•he film will then jump across the grooves. 
Where the reel has projecting lips at the 
entrance to the groove (as on some older 
designs of reel) the film must be eased past 
them at each revolution. 

The reel is now rotated in the opposite 
direction, and as each part of the film reaches 
the inside of the spiral the pressure which 
holds it arched is released and it slips easily 
into the groove. 

With a self-loading tank the procedure is 
simplified, as it is only necessary to feed the 
beginning of the film into the groove. After 
that the self-loading mechanism takes over. 

When the whole film is wound up in this 
way, the end is detached from the backing 
paper or cassette spool, pushed into the 
groove, and the reel inserted into the tank. 
Loading Apron Tanks. To load an apron tank, 
the apron is first clipped to the centre spindle 
of the reel. The end of the film is then pushed 
under the same clip and the two are drawn 
around the spindle by rotating the reel. 

When the film has wound on to the end, the 
backing paper or film cassette is cut away and 
the reel is rotated until the end of the apron 
is reached. This carries a clip by which it is 
secured to the rim of the reel. The reel is then 
dropped into the tank, the lid is fitted, and the 
rest of the operations can be carried out in 
daylight. 

Loading Wet Film. Self-loading spiral tanks 
and those which employ an apron can be 
loaded with wet film or will accept a dry film 
when the reel itself is wet. This makes them 
suitable for processing colour films. The 
ordinary type of spiral reel must be thoroughly 
dry before loading a dry film and cannot 
normally be made to accept a wet film. 

Loading Daylight Tanks. Each make of tank 
has its own method of loading, the differences 
lying mainly in the method of transferring the 
film from its spool or cassette on to the reel. 
The safest guide is to follow the usually very 
detailed maker’s instructions. 

Loading Plate and Sheet Film Tanks. According 
to the design of the tank, plates have to be 
fitted into the grooves of a plate rack, or into 
the tank itself. The important thing is to get 
each plate squarely into the right pair of grooves 
in the dark. 

With some plate tanks a special loading 
jig is supplied. The jig is placed over the top of 
the plate rack or over the tank opening, when 
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two guides on the jig align it with the correct 
grooves of the tank. The plates are then simply 
inserted through slits in the jig. 

Sheet film is usually held in a frame made of 
stainless steel and then treated like a plate. 

There are also special sheet film tanks, 
mainly to cater for the larger sizes of sheet 
film. Here again the film is inserted into stiff 
frame-like hangers. These are then suspended 
in a large rectangular tank of suitable size. 
Processing in Tanks. Assuming the tank to be 
loaded with film or plates, the procedure is: 

(1) Pour the developer into the tank. 

(2) Agitate. 

(3) Develop for the required time. 

(4) Pour in rinse. 

(5) Pour in first fixing bath. 

(6) Pour in second fixing bath (if used). 

(7) Wash. 

(8) Remove from tank. 

(9) Dry. 

(1) The right amount of developer for the 
tank at the right temperature (between 60 and 
75° F. or between 15 and 24° C.), prepared 
beforehand, is poured into the tank. A funnel 
is not necessary because most tanks already 
have funnel-shaped openings in the lid. The 
time when the developer is poured in is noted. 

(2) Agitation should start as soon as the 
developer is in the tank. (Film tanks have a 
special rod that is inserted through the centre 
opening and engages with the hollow spindle 
of the reel. This allows the reel to be rotated. 
Plate tanks have to be rocked or shaken.) 

(3) Throughout the whole development 
period a close watch is kept on the temperature 
of the solution. It must not be allowed to vary 
more than a degree or so. 

(4) The solution is agitated for about ten 
seconds every other minute and at the end of 
the development period it is poured out and 
the tank is immediately filled with water at 
the same temperature. Instead of washing 
water, a stop bath and a hardener may be used. 

(5) The film is kept moving for about a 
minute and then the water is poured off and the 


fixing solution is poured in. The negatives are 
left in the fixer for at least ten minutes, again 
agitating periodically. It is then safe to open 
the tank and examine the film. When all the 
milkiness has gone from the film it should 
remain in the fixer for a further 10-15 minutes. 

(6) A second bath of fresh fixer is often given 
to ensure really efficient fixation. The immer- 
sion time in this solution is about ten minutes. 

(7) The film or plates are then washed. The 
temperature of the washing water should be the 
same as that of the last fixing bath. Otherwise 
the temperature must be gradually reduced 
from the fixer to the washing water. 

Roll films can be washed in the tank by 
passing a rubber tube from the water tap 
down the centre of the reel. Plates are best 
taken out of their tank and laid face up in a 
large dish, for most plate tanks do not allow 
efficient washing of the plates inside. 

An alternative way of washing is to fill the 
tank with changes of fresh water, leaving it 
for 5 minutes each time. About six to eight 
such changes are sufficient. 

After washing, the tank is filled with water 
again, and a few drops of wetting agent and, 
if necessary, dilute acetic or hydrochloric acid 
added. 

(8) The film is then carefully unrolled from 
the reel, and a film clip fixed to each end. Most 
of the water can be removed by wiping it down 
but this entails some risk of scratching the wet 
emulsion. With plates the surplus water is 
best shaken off as far as possible. 

(9) Finally, the films are hung up to dry in a 

dust-free place. Plates should be dried in 
special plate racks, while sheet films can be 
pinned up by one comer. L.A.M. 

Sec also : Cine film processing; Cold weather; Colour film 
processing; Developers; Development after fixing; 
Development and fixing combined; Densensitizing; 
Finality development; Fine grain technique; Hot weather 
processing; Physical development; Rapid processing; 
Redevelopment; Reversal process; Stand development; 
Tanks; Tropical photography; Two-bath development. 

Books: Alt About Processing , by C. I. Jacobson 
(London); Developing, by C. I. Jacobson (London). 


DEVELOPING PRINTS 


Prints are invariably developed by inspec- 
tion by being immersed flat and face up in a 
dish of developer. During the development of 
an exposed print the developing solution con- 
verts the invisible latent image in the sensitive 
emulsion into a visible picture. The developed 
print is rinsed, and then fixed to dissolve away 
the unused silver salts. Finally, all soluble 
chemicals left in the paper are washed out and 
the print is dried. 

Developers. The best developer to use depends 
to some extent on the type of printing paper. 

Chloride contact papers are best developed 
in a contact paper developer containing a com- 


paratively low amount of potassium bromide. 

Bromide and chlorobromide enlarging papers 
are developed in a standard paper developer. 
Some of these serve equally well for bromide, 
chlorobromide and contact papers. 

For warm tones on chlorobromide, contact, 
or enlarging papers, warm tone developers and 
special development methods are required. 

Prints are generally developed by inspection 
in the light of a suitable safelight. 

Processing. The sequence of operations in 
developing a print is: 

(1) The print is immersed in the developer in 
such a way that the solution flows rapidly over 
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DEVELOPING PRINTS. I. Slide the exposed sheet of paper into 
the developer. 2. Rock the dish during development until the 
image is fully developed out. 3. Transfer the print into an acid 
stop bath. 4. Transfer the print to t/ie fixing bath. Leave for 
about 5 minutes (moving it about regularly). White light can 
be turned on af ter this stage. 5. Wash in running water or in 
frequent changes of still water. 6. Hang up ( large prints) or 
lay down on clean muslin to dry ( prints can also be dried by 
hot or cold glazing on glossy paper). 


the whole surface of the print. Small prints are 
simply pushed under the surface of the solu- 
tion with the print forceps. With larger prints a 
satisfactory method is first to raise one end of 
the developing dish, so that all the solution 
collects at the other end, then hold the print, 
face up, and push one edge into the liquid. 
Finally release the end of the dish and allow 
the solution to flow in a wave over the whole 
of the print surface. Any air bubbles are 
immediately broken up with the forceps. 

(2) The developing dish is gently rocked by 
raising and lowering one edge to keep the 
solution moving over the paper. Any comers 
of the paper which curl out of the solution 
during the first few seconds are pushed under 
with the forceps. 

(3) When a print has had too little exposure, 
the image shows up very late and fails to reach 
a satisfactory depth of tone, no matter how 
long it is left in the developer. When a print 
has had too much exposure, the image flashes 
up in a few seconds and soon becomes too 
dark. The print always looks slightly darker 
under the orange safelight than it will look 
under normal lighting. If the safelight is olive- 
green, there will be less difference between the 
appearance of the print as seen in the dark- 
room and its appearance when it is finished 
and viewed by normal lighting. 

(4) Development is continued until the 
image does not seem to go any darker; this 
point is usually reached after about two 
minutes, but it will depend on. the developer 
in use (and its temperature) and also the type 
of paper. The print is then lifted out of the 
solution with the forceps, drained, and dropped, 
face down, into the rinse dish. If a chemical 
stop-bath is used the forceps should not be 
allowed to come into contact with the solution 
when transferring the print. 

(5) The print is moved about in the rinse for 
about a quarter of a minute. If a chemical stop- 
bath is used instead of a plain water rinse, a 
separate pair of forceps should be used for 
handling the print in this bath and trans- 
ferring it to the fixing bath. 

(6) It is then lifted out, drained, and im- 
mersed, face down, in the fixing bath, where it 
is kept moving for about half a minute to 
make sure that the fixer reaches the whole 
print surface. 

(7) When the print has been in the fixing 
bath for about a minute, the white light may 
be switched on, and the print examined. This 
will show whether the exposure was correct 
and whether the contrast is satisfactory. When 
further prints are immersed in the fixing bath, 
they should be pushed, face down, underneath 
the prints already there. The prints should be 
moved about from time to time to prevent 
them from sticking together and to bring 
them into contact with fresh solution. 

(8) If two fixing baths are used, the print is 
lifted out of the first bath after about five 
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minutes, and transferred to the second for the 
same length of time. 

(9) Finally, the print is lifted out of the fixer 
and washed. 

Rinse. The simplest rinse between development 
and fixing is plain water. This removes most of 
the developer from the prints before they pass 
to the fixing bath. It protects the fixer from 
excessive contamination and makes it last 
longer. The water should be changed fre- 
quently, as it, too, becomes contaminated with 
developer. 

An acid rinse or stop-bath is better than 
plain water because it neutralizes the developer 
and arrests development in a second or two. 
And an acid rinse does not need to be changed 
as often as a plain water rinse. 

The stop-bath may be a 5 per cent solution of 
potassium metabisulphite or sodium bisul- 
phite, or a 2 per cent solution of citric or 
glacial acetic acid with about 1 per cent of 
sodium sulphite added. 

Stronger stop-baths are not recommended, 
because they generate an appreciable amount 
of carbon dioxide gas in the emulsion when 
they react with the sodium carbonate of the 
developer. This gas may cause blisters on the 
print surface. 

Development Time. The normal development 
time at 65-68° F. (18-20° C.) in one of the 
common paper developers is 45-60 seconds for 
chloride contact papers and 2-3 minutes for 
chlorobromide and bromide papers. 

This is the minimum time the positive image 
needs to build up to its full depth of tone. 
Development usually takes more time in 
diluted solutions and less in strong solutions. 
With heavily restrained warm-tone developers, 
the development time with chlorobromide 
papers may be as much as half an hour. 
Compensation in Development. When a print 
has been given too much or too little exposure, 
there is very little that can be done to put it 
right during development. 

With a normal type of chloride or bromide 
paper, cutting short development to keep down 
the density of an over-exposed print usually 
flattens the contrasts and gives unpleasant 
greenish-black tones. The results of over- 
exposure can be improved by adding a re- 
strainer or developer improver to the developer. 
But the print will never be as good as one that 
has been correctly exposed and fully de- 
veloped. 

Chlorobromide papers have more latitude, 
and development of over-exposed prints can 
be retarded by diluting the developer and 
adding a restrainer — e.g., potassium bromide. 
The development time is longer in a restrained 
and diluted developer, and can be stopped at 
any point. The shorter the development time 
under these conditions, the warmer the image 
tone. This method is therefore used in warm 
tone development and also to control density 
by three-dish development. 


An under-exposed print is too light at the 
end of the normal development time, but the 
image is still gaining density (though very 
slowly); so slight under-exposure can be com- 
pensated by prolonging the development. This 
procedure often causes yellow developer stains 
on the paper, particularly if the developer con- 
tains a lot of hydroquinone. 

Temperature. The best development tempera- 
ture for papers is between 65 and 75° F. 
(18-24° C.). At temperatures below 60° F. 
(15° C.) the action of the developer is incon- 
veniently slow; at temperatures above 75° F. 
(24° C.) the developer tends to stain the 
paper. 

Variations of temperature between developer 
and rinse and between rinse and fixer do not 
matter as much as they do with films or plates; 
the emulsion is more firmly bonded to the 
paper base, and is not as likely to reticulate 
during processing. 

Warm Tone Development. Chlorobromide 
papers developed in special warm tone de- 
velopers can be made to yield a whole range of 
image tones from warm black to almost red. 
The tones depend on the make of paper and 
on the developer used, as well as on the relative 
exposure, dilution of developer, concentration 
of restrainer (potassium bromide or ammonium 
bromide) and development time. 

The warm tone image has a much finer 
grain than the ordinary black tone image, 
although the graininess is not visible to the 
naked eye. During development, prints 
normally pass through the whole sequence of 
tones from reddish-brown to black, as they 
build up grain size and density. 

In an energetic developer the transition of 
tones is too rapid, and by the time the image is 
dense enough to be acceptable, the grain size 
has already reached the point at which it gives 
black tones. By using a suitably diluted and 
restrained developer on the right kind of 
paper, the grain size can be kept down to the 
level that corresponds to the desired warmth of 
tone while density is built up. Chlorobromide 
papers are particularly suitable for this pur- 
pose, since they form an image from two 
different kinds of silver halide grains. 

To compensate for the low density of the 
image at the warm tone stages, the exposure 
must be increased. The warmer the desired 
image tone, the more the exposure must be 
increased beyond normal. 

So a warm tone image is one that has been 
over-exposed and then developed only until 
it reaches the right tone and density. This 
means that the relative exposure and develop- 
ment times have to be standardized if they are 
to produce exactly the desired image tone. 
Exposure and Development. The exposure and 
development conditions must be determined 
separately for every developer-paper com- 
bination. This is best done by making compara- 
tive test strips. 
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First, an ordinary test strip is made on the 
chlorobromide paper, using a standard nega- 
tive under set conditions of printing and pro- 
cessing. This test strip is fully developed — 
three minutes at 65-70° F. or 18-21° C. — in 
the warm tone developer. The developer is 
used at its normal concentration, corre- 
sponding to the coldest black it is capable of 
producing, without added potassium bromide. 
This strip is then used as a standard of refer- 
ence to show the normal exposure required to 
give the nearest possible approach to a pure 
black-and-white print. 

About half a dozen test strips are then pre- 
pared on the same paper. The exposure steps 
on each test strip are: normal (as found by the 
original strip), 1£, 2, 3, 4, 6, 9 and 12 times 
normal exposure. All six test strips are exposed 
under the same conditions, but developed 
separately in different concentrations of 
developer. 


DEVELOPMENT OF TEST STRIPS 


Strip 

Developer 
Dilution 
Times Normal 

Extra Potassium 
Bromide 
(grams per 
1,000 c.cm. 
working solution ) 

Development 
Time 
at 68 °F. 

ao°c.) 

| 

4 

10 

4} minutes 

II 

0 

1-5 

8 minutes 

III 

12 

15 

12 minutes 

IV 

20 

1-2 

16 minutes 

V 

25 

1-2 

20 minutes 

VI 

30 

1-2 

25 minutes 


This test strip series should show all image 
tones from warm black to the warmest the 
paper will give. If necessary, additional strips 
can be prepared to bridge any apparent gaps 
in the range. 

The series also shows the exposure required 
to produce a print of the right density for each 
image tone. 

To make a print of any required tone, the 
normal exposure is first found in the usual way. 

The test strip showing the desired image tone 
is then selected from the series. This strip 
says at once which developer dilution and time 
of development will give the desired tone. Then, 
by referring to the exposure scale on the strip, 
the exposure to give the required density at 
that image tone can be arrived at. 

The range of tones obtained and the expo- 
sures and developer dilutions required vary for 
each paper-developer combination. A new set 


of tests is necessary whenever the developer or 
the paper i s changed. 

The contrast of the prints decreases as the 
warmth of the tone increases, and a harder con- 
trast grade is advisable when producing very 
warm tones. 

Large Prints. When prints are too large for a 
normal developing dish, they may be developed 
in one of the following ways: by s«e-sawing 
each print like a roll film ; by carrying out all 
the processing in a single large dish ; by applying 
the processing solutions with a swab or spray. 

See-saw development is useful if the print is 
just too large to lie flat in the largest dish avail- 
able. If the dish is a little longer than the print 
is wide, the print can be held by the two short 
edges and developed by see-sawing it through 
the various solutions. The dishes need be no 
more than narrow troughs, provided they are 
long enough, and are sufficiently deep to allow 
a good covering of developer. 

Single-dish development calls for only one 
dish big enough to hold the print. This dish 
is used f or all the processing steps. 

When the print has been exposed, it is laid 
fiat in the dish and the developer is poured over 
it. As soon as the print is fully developed, the 
solution is poured off into a jug, and the rinse 
or stop-bath is poured in. After rinsing 
thoroughly, the dish is drained and the fixer 
is poured in and left for the usual length of 
time. Finally, the print is removed for washing 
and the dish is rinsed ready for the next print. 
(There is no difficulty in washing large prints 
in the bath or kitchen sink.) 

Swab and spray development are methods 
for really large prints, like those used for 
making photo murals. With prints of this size 
the developer and other solutions are swabbed 
or sprayed over the print, and the picture is 
fixed and washed by the same means. 

Because the surface of the print is exposed 
to the air most of the time, easily oxidized 
developers — e.g., those containing a high 
concentration of hydroquinone and alkali — 
are not suitable, as they are apt to produce 
stains and aerial fog. The best developers are 
those like glycin which work cleanly. L.A.M. 

See also: Cold weather; Developers; Giant enlargements; 
Hot water bath development; Hot weather processing; 
Rapid processing; Redevelopment; Thorium nitrate fore - 
bath; Three-bath development; Toners; Tripack colour 
printing; Tropical photography; Two-bath development. 

Book*: All About Contact Prints , by B. Mautner 
(London); Complete Art of Printing and Enlarging , by 
O. R. Croy (London); Enlarging , by C. I. Jacobson 
(London). 


DEVELOPING TANK. Tank of plastic or 
stainless metal in which negative materials can 
usually be completely submerged in the 
developing solution for the period of develop- 
ment. Most developing tanks for amateur use 


are designed to permit all operations of process- 
ing (apart from the initial loading) to be carried 
out in normal light. Some even allow the load- 
ing to be done in daylight. 

See also: Tanks. 
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DEVELOPMENT AFTER FDONG. During 
physical development an image is built up, by 
a process of silver intensification, on a very 
weak silver image first formed by normal 
chemical development. 

Very minute amounts of silver are, however, 
already formed during the original exposure. 
These may by themselves form a foundation 
for a physically developed image. This makes 
it possible to fix a negative after exposure and 
then develop it in a physical developer by 
ordinary daylight. 

The effective emulsion speed of the film or 
plate is greatly reduced and negatives need 
about 3-4 times the normal exposure. Some 
modem negative materials fail to react satis- 
factorily to this method. 

A suitable developer is: 


Stock solution A 
Potassium thiocyanate 
Silver nitrate 

Sodium sulphite, anhydrous 
Sodium thiosulphate (hypo) 
crystals 

Potassium bromide, I per cent 
solution 

Distilled water to make 


I ounce 25 grams 

70 grains 4 grams 
j ounce 12-5 grams 


88 grains 5 grams 

96 minims 5 c.cm. 


8 ounces 200 c.cm. 


Dissolve the silver nitrate and sodium sulphite 
separately in the smallest possible amount of 
distilled water. Slowly stir the sodium sulphite 
into the silver nitrate solution. When the 
precipitate which forms at first has redissolved, 
add the thiocyanate and the hypo, and finally 
the potassium bromide. Make up to the final 
volume with distilled water. 

Stock solution B 

Metol 27 grains 1*5 grams 

Sodium sulphite, anhydrous i ounce 12-5 grams 

Distilled water to make 4 ounces 100 c.cm. 


Just before use, mix 6 parts of A, 1 part of B, 
and 23 parts of water. 

Instead of B a commercial concentrated single 
solution developer of the para-aminophenol 
type may be used. 

Development is very slow, and may take 
several hours. Since it is easily watched, this is 
not inconvenient. 

After development is complete, the negative 
should be washed in running water for at least 
half an hour. L.A.M. 

See also: Development I fixing combined. 


higher temperatures both development and 
fixation are speeded up, and the two effects 
cancel each other out. 

The hypo concentration in the developer 
must be varied to balance the rates of develop- 
ment and fixation, so the amount of hypo 
added depends on the fixing speed as well as 
the development speed of the emulsion. 

A developer-fixer using pyrocatechin is: 

Sodium sulphite, anhydrous I ounce 25 grams 

Pyrocatechin 88 grains 5 grams 

Sodium hydroxide 18 grains I gram 

Water to make 10 ounces 250 c.cm 


For use dilute with an equal volume of water, 
and add about 10 parts of 10 per cent sodium 
thiosulphate (hypo) solution to 50 parts of the 
developer. This concentration suits average 
negative materials; for rapid-fixing and/or 
slow-developing films reduce the hypo to 7-8 
parts. For slow-fixing and/or rapid-developing 
films or plates increase the hypo to 12-13 parts. 

Take at least 1 ounce of working solution for 
every 6 square ins. of film (25 c.cm. for every 
30 square cm.). Use once only. 

An amidol developer-fixer is: 


Sodium sulphite, anhydrous 
Amidol 

Trisodium phosphate 
Sodium thiosulphate (hypo) 
crystals 

Water to make 


I } ounces 40 grams 

88 grains 5 grams 

I ounce 25 grams 

1} ounces 32 grams 

40 ounces 1,000 c.cm. 


Again this quantity is for average films. The 
hypo may be increased up to 2 ounces (50 
grams) for slow-fixing and/or rapid-developing 
materials, or reduced to f ounce (19 grams) for 
rapid-fixing and/or slow-developing materials. 

Take at least 1 ounce for every 9 square ins. 
of emulsion surface (25 c.cm. for 40-50 square 
cm.). Use the developer once only. 

The film is left in the developer for twice as 
long as it takes for the white silver bromide to 
disappear. Longer immersion is not advisable; 
it increases the risk of dichroic fog. 

In recent years several commercial monobath 
developer-fixers have appeared on the market. 
Solutions of different composition cater for the 
characteristics of various types of negative and 
positive materials, including graphic arts, 
radiographic, and motion picture emul- 
sions. L.A.M. 

Sec aJso: Development offer fixing. 


DEVELOPMENT/FIXING COMBINED. Cer- 
tain developing agents, in particular pyro- 
catechin and amidol, work with their normal 
activity even when quite large amounts of 
hypo are present in the solution. Such devel- 
opers will therefore fix the film at the same 
time as they develop it. 

The action is similar to that of the solvent 
fine grain developers, and it gives a fine grain 
negative at the cost of reduced emulsion speed. 

The temperature of the solution is not as 
important as with ordinary development. At 


DEVELOPMENT FOG. Fog formed by the 
development of unexposed grains of emulsion 
that occurs when the sensitized material is left 
in the solution beyond a certain time limit. 

Sec also: Fogging; Fog level. 

DEVELOPMENT GROUP. Arbitrary classi- 
fication of a film according to its development 
time characteristics. Development groups are 
used in tables and calculators for working out 
the correct development time of any film with 
any developer. 
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DEVELOPMENT HISTORY 


Practicable photography began with the 
discovery of the phenomenon of development. 
Without the development process, all the 
energy needed to form a visible image must 
come from the light which falls on the sensitive 
surface during the exposure. In the absence of 
intense sources of illumination, far exceeding 
direct sunlight in power, prolonged exposures 
are necessary. 

Although development is normally taken to 
cover only the conversion of latent images in 
silver halide into silver, it may be noted that 
N. Niepce used oil of lavender in 1822 to wash 
away the unexposed parts of his bitumen 
coatings. 

The existence of a latent image and the 
possibility of its development at a later stage 
allows the image formation to be separated into 
two stages: 

(1) The first stage, the exposure in the 
camera to form the latent image, requires very 
little energy and can be completed in a very 
short time. 

(2) Almost all the work of forming the visible 
image is carried out in the development stage 
which can be postponed to a convenient time. 

Development was discovered by Daguerre 
by a pure accident. Following some unsuccess- 
ful experiments during 1835, he placed an 
iodized silver plate in a cupboard. Some time 
later he found it bore a distinct image, though 
at the time when it was consigned to the cup- 
board it bore none. By a process of elimination 
he was able to attribute the image formation 
to the presence of mercury in the same cup- 
board. The mercury vapour had gradually 
condensed on the parts of the silver iodide 
which had been exposed in the camera. 

In September 1840, Fox Talbot discovered 
how to develop a latent image on silver iodide 
paper using a solution of silver nitrate and 
gallic acid. He was enabled by this discovery 
to reduce his camera exposures from one hour 
to half a minute. This was, in fact, physical 
development. 

In 1844, Robert Hunt introduced iron sul- 
phate as a developer for silver halide paper 
materials and this developer played an im- 
portant role in the early years of the collodion 
process of le Gray and Scott-Archer. Although 
pyrogallic acid, or pyrogallol, was shown by 
Regnault and Liebig to be an active developer 
and was suggested by Scott Archer himself for 
his process, the iron sulphate developer pre- 
dominated as the agent employed for collodion 
wet plates. 

Up to this time all development was of a 
physical character and was carried out in acid 
solution. Following the advent of the dry 
collodion plate, Mudd and Wardley found in 
1861 that a plain 1 per cent solution of pyro- 
gallol would serve as a good developer with- 
out the usual additions of silver nitrate and acid. 


Alkalin e Development. In 1862, Russell and 
Leahy discovered the bromided pyro-ammonia 
developer and thus initiated the alkaline 
“chemical” developer which was greatly to 
assist in the establishment of the silver bromide 
dry plates: first the collodion and albumen 
types and then the gelatin dry plate of Maddox. 

The tanning development of gelatin emul- 
sions by a pyro developer was demonstrated 
in 1881 by Warnerke. 

A considerable advance in the technique of 
alkaline development came when Berkeley in 
1882 improved the pyro developer by the 
addition of sodium sulphite which prevented 
the developer solution from quickly turning 
brown and minimized negative stain. 

It is necessary to go back five years to note 
the discovery of the iron-oxalate developer by 
Carey-Lea in 1877, and two years to 1880 when 
Abney published the alkaline hydroquinone 
developer for gelatin-bromide negatives. 

In 1880, too, Eder and Toth showed that 
pyrocatechin (catechol) would serve as an 
alkaline developer for dry plates. The next 
developers to be suggested were hydroxy- 
lamine, by Egli and Spiller in 1884, and 
phenylhydrazine, by Jacobsen in 1885. 

The important developer discoveries which 
were to follow, up to the end of the century, 
sprang from the great expansion of the German 
dyestuffs industry. The outstanding figure in 
developer work at that time was Andresen 
who, noting the success of the polyhydroxy- 
benzene compounds, turned his attention to 
analogous amino compounds. He discovered 
paraphenylenediamine, para-aminophenol and 
similar compounds as developers in 1888, 
Eikonogen in 1889, and in 1891 brought para- 
aminophenol on to the market as a very con- 
centrated developer solution (Rodinal). 

Although Andresen had claimed a very wide 
range of aminophenols within the scope of his 
patent, it. was left to another, Bogisch, to 
search through the field again and to discover 
the specially valuable developing properties 
of the methylamino-phenols. 

In 1891, the firm of Hauff, by whom Bogisch 
was employed, took out patents covering a 
series of aminophenols and marketed Metol. 
Later, by arrangement between Hauff and 
Agfa, to whom the master patent belonged, the 
same compound was marketed under the name 
Metol-Andresen. 

More recent developing compounds of im- 
portance are listed in the table. 

Developer Combinations. Of the developing 
agents available by the last few years of the 
nineteenth century, some were found to give 
desirable working qualities when used in pairs. 

Chadwick, in 1891, used Eikonogen together 
with hydroquinone and this combination was 
sold in tabloid form by Burroughs Wellcome 
and Co. in 1 895. 
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DATES IN DEVELOPMENT HISTORY 


Date 

Developing Agent 

Inventor 

1837 

Mercury vapour 

Daguerre 

1840 

Gallic acid 

Fox Talbot 

1844 

Iron sulphate 

Hunt 

I8SI 

Pyrogallol 

Archer, Liebig, 
Regnault 

I860 

Hydroquinone 

Abney 


Catechol 

Eder and Toth 

1884 

Hydroxylamine 

Eglt and Spider 

1885 

Phenylhydrazine 

Jacobsen 

1888 

Para-phenylenediamine 

Andresen 


Para-aminophenol 

Andresen 

1889 

Eikonogen 

Andresen 

1891 

Amidol 

Andresen, Bogisch 


Metol 

Andresen, Bogisch 


Glycin 

Bogisch 


4>aminodiethylaniline 

Hauff 

1896 

Ortho-amino phenol 

Hauff 


Ortho-methylaminophenol 

Hauff 

1899 

Chloro-hydroquinone (and 
bromo-) 

Luppo-Cramer 

1904 

Ortho-phenylenediamine 

Lumi&re — Seyewetz 

1914 

4-amino-3 methyl 
diethylaniline 

Fischer 

1935 

Ascorbic acid (vitamin C) 

Mauer — Zapf 

1940 

Phenidone 

Kendall 


The metol-hydroquinone combination can 
be ascribed to no individual inventor but was in 
use in 1894 and was recommended by the 
Nepera Chemical Company in 1899 for use 
with its Velox gaslight paper. Gaslight paper 
helped to popularize the M.Q. developer. 

In 1 902, Lumifcre and Seyewetz patented the 
crystalline addition product of metol base and 
hydroquinone and sold it in 1903 as Meto- 
quinone. 

Chloranol consisted of metol and chloro- 
hydroquinone and was patented by Lumifere 
and Juglain 1914. 


Paraphenylenediamine together with hydro- 
quinone formed the developing agent Hydra- 
mine of Hauff, 1 896. Ortol of Hauff, 1 896, was 
composed of hydroquinone with ortho- 
methylaminophenol, and another compound 
of the same date consisted of catechol and 
paraphenylenediamine. This last compound 
was marketed in 1938 as a fine grain developer, 
Meritol. 

In 1935 Agfa introduced the Atomal 
developer which utilized hydroxyethyl-o- 
aminophenol and lately this compound together 
with glycin has formed the basis of Promicrol 
patented by John and Field. 

The latest combined developer is Phenidone- 
hydroquinone which is based on l-phenyl-3- 
pyrazolidone discovered as a developer by 
Kendall in 1940 but not produced commercially 
until 1951. 

Cbromogenic Development. Several developing 
agents such as pyrogallol will produce a 
coloured dye image together with the silver 
image and some developers will react with 
their own oxidation products to give dye 
images, but none of these has proved of value 
in colour photography. 

In 1913 Fischer found that suitable coupling 
agents could be added to paraphenylene- 
diamine or para-aminophenol developer solu- 
tions to form dyes of the indophenol, in- 
damine, indoaniline, azomethine, and indo- 
thiophenol classes. This type of coupling 
development forms the basis of the modern 
colour processes, though many systems incor- 
porated the coupler in the emulsion. G.I.P.L. 

See also: Developers (obsolete); Discovery of photo- 
graphy. 


DEVELOPMENT PAPERS. Contact and en- 
larging papers coated with an emulsion which 
forms a latent image on exposure. The latent 
image is invisible until it is turned into metallic 
silver by being developed with suitable chemi- 
cals. Modem chloride, bromide, and chloro- 
bromide papers are of this type. 

See also: Papers. 

DEVELOPMENT THEORY. Many of the 
chemical and physical changes that take place 
in the silver emulsion during processing are still 
not fully understood. This description gives 
in the simplest terms possible what appears to 
happen during development. 

Chemical Development. In chemical develop- 
ment the essential function of a developing 
solution is to convert to metallic silver those 
silver halide emulsion grains that were partly 
decomposed by a previous exposure to light. 
This conversion is achieved by a process of 
chemical reduction that involves the transfer of 
electrons from solution into the silver halide 
grains, e.g.: 

AgBr + electron = Ag + Br 


or: silver bromide plus an electron gives 
metallic silver plus bromide ion. 

The electrons required for this reaction are 
most conveniently obtained from aromatic 
organic reducing agents of the polyphenol 
(e.g., hydroquinone), aminophenol (e.g., metol), 
or polyamine (e.g., paraphenylenediamine) 
types. 

OH HNCH a HNH 


OH OH HNH 

hydroquinone metol paraphenylenediamine 
(base) (base) 

Particularly in the case of the phenolic 
reducing agents, the liberation of electrons is 
greatly facilitated by an increase in the alkali- 
nity of the solution which induces the dissocia- 
tion of the acidic hydroxyl groups. For this 
reason alkalis such as sodium carbonate, 
sodium borate, or sodium hydroxide are 
included in the developer solution. In some 
cases the emulsion is soaked in developing 
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agent solution in one bath and is then 
transferred to an alkaline bath. 

The addition of sulphite to the solution is 
necessary to inhibit the reaction of the reducing 
agent with atmospheric oxygen and to remove 
the developer oxidation products which would 
accumulate, retard development and stain. 

In tanning developers, where it is the 
developer oxidation products that harden the 
gelatin, the sulphite concentration must be kept 
very low. Since sodium sulphite is itself a 
mild alkali it is not necessary to add a further 
alkali if a slow-acting metol developer is 
required; and amidol-sulphite solutions act 
quite rapidly at this low level of alkalinity. 

The reducing action of the developing agent 
solution is exerted alike on both the exposed 
and unexposed grains and, in a sufficiently long 
time, all would become reduced to silver. The 
function of the latent image is catalytic; that 
is, those silver halide grains that carry a latent 
image are reduced much more rapidly than 
those that do not. The reduction of non- 
image grains causes a uniform veil, or fog, to 
be formed. While some fog can be tolerated 
in a negative it is very undesirable in a print 
or diapositive. 

The addition of small quantities of soluble 
bromide to the developer in many cases retards 
the reduction of the non-image grains more 
than that of the grains carrying latent image. 
The action of the soluble bromide is presum- 
ably connected with its ability to diminish the 
availability of silver ions at the surface of the 
silver halide grains. In some applications 
soluble bromide is not so efficacious as certain 
organic agents such as benzotriazole that also 
form very insoluble silver salts. 

Physical Development. In physical development 
the enlargement of the latent image specks is 
achieved by the deposition upon them of silver 
that is not necessarily derived from the silver 
halide in the emulsion. A silver salt is added 
to the developer solution where it is slowly 
reduced to form a supersaturated silver solu- 
tion. The presence of the latent image nuclei 
causes the silver to be deposited from solution, 
and the latent image specks become virtually 
silver plated. In time the physical developer 
will plate silver at random on to the walls of 
the dish and over the surface of the emulsion. 


Since the rdle of the silver halide originally 
in the emulsion is to provide the latent image 
material during the exposure, it is not necessary 
afterwards. For this reason physical develop- 
ment can be effected after the exposed emulsion 
has been fixed out in a non-acid fixer. Deve- 
lopment by the polyamine developers such as 
paraphenylenediamine is mainly physical be- 
cause of their marked solvent action on silver 
halides. 

The degree of apparent uniformity — the 
graininess of the developed image — depends 
primarily upon the characteristics of the 
emulsion used. However, for a given emulsion, 
the graininess of the image can be affected by 
the development conditions. In general, slow 
development to a low gamma yields a less 
degree of graininess, and the inclusion in the 
solution of solvents, such as thiocyanate or 
sulphite in high concentration, is beneficial. 

The semi-physical development effected by 
paraphenylenediamine gives the finest-grained 
images, but with an effective loss of 70 to 80 
per cent of the sensitivity of the emulsion. 
The metol fine-grain developers strike a 
compromise between loss of speed and fineness 
of grain. G.I.P.L. 

See also: Latent Image. 

Books: Developing, by C. I. Jacobson (London); 
Photography Theory and Practice (English edition), by 
L. P. Clerc (London); The Theory of the Photographic 
Process, by C. E. K. Mees (New York). 

DEVILLE, E. Dates unknown. Surveyor- 
general of Canada. Contributed to the theory 
of the half-tone screen (1895) and to photo- 
grammetric restitution (1902). 

DEXTRIN. Constituent of mountants. 

Characteristics : Whitish powder. 

Solubility; Slightly soluble in cold water, 
gives a milky solution if dissolved in boiling 
water. This solidifies on cooling. 

DIACTINIC. Transparent to actinic light rays. 
An obsolete term applied to materials (e.g., 
filters) which allowed actinic light to pass. 

D1AMEMOPHENOL HYDROCHLORIDE. 
Developing agent; amidol. Sometimes also 
used as the free base, diaminophenol. 


DIAPHRAGMS 


It is not always either necessary or desirable 
to allow the whole of a lens to form the photo- 
graphic image. There are several reasons for 
this: 

(1) One reason is that the margins of a lens 
can never be as completely corrected for 
aberrations as the central portion. So a 
diaphragm with a circular hole in the centre 
is almost always placed in the path of the light 
rays falling on the lens. 


If the size of the hole is adjusted to cut off 
the marginal rays, the image will be formed 
only by the more highly corrected rays passing 
through the centre of the lens. So the hole in 
the diaphragm improves the definition of the 
image by cutting out uncorrected rays which 
would create blur. 

(2) The next reason is that the hole in the 
diaphragm controls the angle of the cone of 
rays forming the image. 
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When the lens is focused sharply on the 
plate, the image of a point subject is produced 
by the tip of a cone of light rays coming from 
the back of the lens. If either the subject or 
the plate changes its position, the tip of the 
cone no longer coincides with the surface of the 
plate and the point image becomes a circular 
patch. The size of the patch depends on the 
angle of the cone and how far the tip is 
displaced behind or in front of the surface 
plate. 

As the size of the hole in the diaphragm is 
reduced, the angle of the cone of rays becomes 
narrower and a change in the distance of the 
subject from the lens, or the lens from the plate 
produces a smaller change in the diameter of 
the image patch. So a small hole increases the 
depth of field covered sharply. And it also 
increases the range of backward and forward 
movement of the plate — i.e., the depth of focus 
— within which the lens will give a sharp image 
of a particular subject. In other words, 
focusing is made less critical when the hole in 
the diaphragm is small. 

(3) Finally, the hole controls the amount of 
light which passes through the lens — i.e., the 
intensity of illumination of the image. A small 
hole lets through less light than a large one. 
So the size of the hole can be used to alter 
exposure. It does this by varying the intensity 
of the exposure just as the shutter alters it by 
varying the time. 

Waterhouse Stops. Early photographic lenses 
were supplied with sets of metal or vulcanite 
diaphragms which provided a range of hole 
sizes. The diaphragms were called Water- 
house stops after John Waterhouse of Halifax 
who invented them in 1858. There was a slot 
in the lens barrel into which the diaphragms 
were inserted. Each diaphragm had a number 
referred to as a stop number. 

Waterhouse stops have now been replaced 
by diaphragms with variable apertures, but the 
practice of referring to particular diaphragm 
openings as stops has persisted. 

Simple Diaphragms. The earliest type of 
diaphragm was simply a single hole in a plate 
that could be inserted between the lens com- 
ponents through a slit in the barrel of the lens 
mount — i.e., the Waterhouse stop. This idea 
was soon dropped because it meant that the 
photographer had to carry around a number of 
separate plates each drilled with a hole of a 
different size to give him a range of stops. 

An improvement on this simple system is 
the stop plate carrying a number of holes 
arranged so that they can be brought into 
position by rotating or sliding the plate. This 
method is cheap and effective; it is still used 
on many inexpensive cameras. 

Iris Diaphragm. Apart from the simpler 
cameras the type of adjustable stop now used 
almost universally for controlling the lens 
aperture is the iris diaphragm. The hole in 
this type is formed by a set of thin metal blades, 


mounted on a nng around the lens. Move- 
ment of a control lever on the outside of the 
lens mount closes the blades inwards or opens 
them out to make the hole smaller or larger. 
The /-number of the aperture is indicated on a 
scale alongside the control. 

The greater the number of blades in an iris 
diaphragm, the more nearly the hole 
approaches a perfectly circular shape. At the 
same time, a truly circular hole is by no means 
essential for everyday photography. 

In practice, the number of leaves in the 
diaphragm of the average camera lens covering 
the popular 2} x 2 \ ins. format is ten. 

This type of diaphragm is sometimes respon- 
sible for a peculiar form of highlight distortion. 
Bright points of light — e.g., stars in an astro- 
nomical telescope — appear as star-shaped 
patches. The number of points is related to 
the number of leaves in the diaphragm. 

The iris diaphragm is generally an integral 
part of the lens/shutter assembly. Diaphragms 
are also used for controlling the amount of 
light passed by other optical systems — e.g., on 
the substage condenser of a microscope. 
Position of Diaphragm. In a lens which has 
only one element, the diaphragm may be placed 
in front or behind. The position affects the 
distortion of the image: if in front, it tends 
to produce barrel distortion and behind, pin- 
cushion distortion. It is generally placed in 
front of simple lenses. 

In lens with several components, the dia- 
phragm is almost always placed between two 
of the components — e.g., a symmetrical lens 
has the diaphragm inserted midway between 
each of the identical elements. 

Effective Stop Diameter. The important thing 
about a stop is not its real diameter, but the 
diameter of the beam of light that it allows to 
pass through the lens to make the exposure. 
If the diaphragm is in front of the lens, then 



DIAPHRAGMS. Top: Old sliding (Waterhouse) stops carried on 
a metal plate which is slid into a slot in the lens barrel. 
Bottom right: Rotating stop plate. Bottom left: Iris d/a- 
phragm consisting of a set of sliding blades. 
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EFFECT OF LENS ST OP. T op: With simple lenses stopping down 
may change plane of sharpest focus by cutting out the urn 
corrected marginal rays. Centre: At smaller apertures the 
angle of the cone of rays is reduced, increasing the available 
depth of field. Bottom: The effective diameter of the stop 
depends on its position. In front of the lens it is identical with 
its actual diameter; behind, its eff ective diameter is larger . 

the two figures are the same — i.e., the diameter 
of the incident beam of light is equal to the 
diameter of the aperture in the diaphragm. 

Where the diaphragm is placed between the 
lens components, the light incident on the 
front of the lens converges before it reaches the 
aperture. So in this case the diameter of the 
incident beam is greater than the diameter of 
the aperture through which it has to pass. 

The diameter of the incident beam that just 
fills the aperture is known as the effective 
diameter of the diaphragm aperture, and the 
area of the beam is the effective aperture. In 
modem anastigmat lenses it may be 30 per cent 
greater than the actual diaphragm aperture. 

The effective diameter of the diaphragm 
cannot be measured directly. It is measured 
in this way: the lens is focused on infinity 
and a sheet of opaque paper is substituted for 
the focusing screen; a pinhole is made in the 
paper opposite the centre of the lens; a sheet 
of sensitized paper is held in contact with the 
front of the lens, emulsion inwards; a bright 
light is held against the pinhole long enough 
to produce a black disc on the paper after 
development. The diameter of this exposed 
disc is the effective diameter of the stop. 

Relative Aperture. The effective diameter of 
the stop decides the amount of light that can 
pass through the lens to form an image. But 
the same amount of light can be spread over 
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either a small brilliant image (with a lens of 
short focal length) or a large weak image (with 
a lens of long focal length). 

So the important thing in deciding the 
brilliance of the image is not simply the size 
of the effective aperture. It is its size in 
relation to the focal length of the lens that 
matters. For this reason, the size of the 
aperture is always given as a fraction of the 
focal length — i.e., F/D where F is the focal 
length of the lens and D the effective diameter 
of the aperture. This fraction is called the rela- 
tive aperture of the lens. All lenses with the 
same relative aperture form images of equal 
brilliance of the same subject. 

For example, a lens of focal length 12 ins. 
and an effective aperture of 1} in. diameter 
would have a relative aperture of 8 — i.e., 
12/1&. Similarly a lens of focal length 6 ins. and 
an effective aperture of } in. would also have 
a relative aperture of 8 — i.e., 6/J. So both lenses 
would give an image of equal brilliance of the 
same subject, and call for the same exposure. 

The convenience of this method of stating 
the size of the stop is obvious. It means that 
the photographer has no need to know the 
actual diameter of the stop when he is adjusting 
his exposure; whether his camera is a 33 mm. 
miniature ora8 x 1 0 ins. field camera, the same 
relative aperture number will give him the same 
exposure. 

/-numbers. The number indicating the relative 
aperture given by a particular stop is called 
the /-number, and its value is expressed by the 
letter /followed by the figure — e.g.,/4-5 which 
indicates that the effective diameter of the stop 
goes into the focal length of the lens 4*3 times. 
AU lenses with the same /-number require 
equal exposures, no matter what the focal 
length of the lens or the diameter of the 
aperture may be. As the aperture increases, 
the /-number gets smaller; a big /-number — 
e.g., / 64 — indicates a small aperture and a 
small /-number — e.g., / 2-0 — indicates a large 
aperture. Where the lens has an adjustable 
diaphragm, the /-numbers are calculated for a 
number of stop sizes covering the whole range 
of the aperture adjustment. These are engraved 
on a scale alongside the diaphragm control. 
Aperture Scales. The intensity of the light 
forming the image at any particular aperture 
(and hence the exposure) varies directly with 
the area of the aperture — i.e., with the square 
ofits diameter D since 

Area = ^ x (Diameter)' 

This is to say that it varies with 

( !_Y 

\ /-number j 

because the diameter of the stop 


/■number x F 
(where F = focal length of lens) 



So if the exposure is known for one aperture, 
it is possible to calculate the exposure given 
by any other by comparing the inverse squares 
of the /-numbers — i.e., the exposures at 
/- numbers, / x and/y will vary in the proportion 
1 1 
(/x)* • aw 

In other words, the exposure given at / 1 1 
is half the exposure given at / 7-7 since 
1/(11)* is half l/(7-7)*. 

It would be possible to choose any scale of 
/-numbers and work out the effect of changing 
from one to another by comparing the squares 
in this way. In practice the thing is made 
much easier by choosing the steps on the 
aperture scale so that a step up or down 
doubles or halves the exposure. So a scale 
starting with a maximum aperture of / x, 
would run: / x; y/2 /x; 2/x; 2y/2 f x, etc. — 
giving relative exposures of 1 : i : J : J, etc. 

The actual values on such a scale vaty 
according to the starting point chosen, so it is 
possible to have any number of scales all based 
on progressive doubling of the exposure. 

U.S. System. At first, practically every lens 
maker marked his diaphragms according to 
his own scale, but in 1881 the Royal Photo- 
graphic Society proposed a Uniform System 
(hence U.S.) based on what was then the 
largest lens aperture; / 4. So the scale ran: 
/4-0, /5-6,/8, / 1 1 -3, etc. The Society recom- 
mended that each stop should be known by 
its relative exposure value, giving a scale of 
U.S. numbers: 1 (= / 4), 2 (= /5-6), 3 (=/8), 
4 (~ / 11-3 ), etc. 

This system of marking was not much used 
in Britain or on the Continent, but it was used 
for some time in America, particularly on the 
earlier Kodak cameras. It is being used again 
nowadays for enlarger lenses where relative 
exposures are more important than actual 
aperture values. 

Current Scales. Today all diaphragms are 
marked in /-numbers, but there are still three 
scales in existence since different lens manu- 
facturers have based their scales on different 
maximum apertures. 

In each case however the steps are chosen so 
that a change from one number to the next 
higher halves the image brightness and calls 
for twice the exposure. 

The three current scales of /-numbers are 
shown in the table below. In some cases, where 
different manufacturers give slightly different 
figures, the less common is given in brackets 
below the usual figure. 

Opposite each figure is shown the light- 
passing power of the aperture in relation to a 
standard of 10,000 units passed by an aperture 
of/1. 

British lens manufacturers mostly use the 
international series, 2, 2-8, 4, 3-6, 8, 11, 16 
etc. which was adopted as the official British 
Standard in 1949. Continental lens manu- 
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facturers used to prefer the scale series, 2-3, 
3-2, 4-5, 6-3, 9, 12-5, 18, etc. 

Stops in the Continental series pass about 
one-third less light than the nearest corres- 
ponding numbers on the British scale, but for 
all practical purposes the difference can be 
neglected. Often, in fact, a lens which has a 
f ull aperture that does not correspond to the 
maker’s normal scale may have one or more of 
the larger apertures numbered in the other 
series — e.g., 4-5, 5 -6, 8, 1 1, 16. 


APERTURE SCALES COMPARED 



f Number 


Relative light 

Decrease in light 




passing power 

passing power 





(nearest 1/3 
stops) 

1 



10,000 

0 


II 


7,937 

1 



1-2 

6,300 

2 

1*4 


(13) 

5,000 

3 

(1*5) 





1-6 


3.969 

4 



10 

3,150 

5 

2 



2,500 

6 

(1-9) 





22 


1,984 

7 



25 

1,575 

8 

26 



1,250 

9 

(29) 





32 


992 

10 



3-5 

788 

1 1 

4 



625 

12 

(30) 

4-5 


496 

13 



5 

417 

14 

5 6 



312 

15 


6-3 


248 

16 



7 

209 

17 

0 



156 

18 

(7-7) 

9 


124 

19 



10 

104 

20 

II 



79 

21 


12 5 


62 

22 



14 

52 

23 

16 



40 

24 


18 


31 

25 



20 

26 

26 

22 



20 

27 


25 


16 

28 



28 

13 

29 

32 



9-9 

30 


36 


78 

31 



40 

65 

32 

45 



50 

33 


40 


3 9 

34 


(50) 





T-Stops. Some of the light that would other- 
wise pass through the lens to form the image is 
always lost by reflection at the surfaces of the 
lens components. Coating the lens reduces 
this loss, but does not get rid of it altogether. 

One lens manufacturer calibrates the stops 
in terms of the actual measured or calculated 
light transmission. The /-numbers thus ob- 
tained are called T (transmission)-stops. 
T-stops are always slightly higher than the 
corresponding /-number. 

The system has been adopted principally for 
professional cine cameras. It is doubtful 
whether it has any real advantages for normal 
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still photography. This is because most of the 
light supposedly lost by reflection does actually 
appear as general fog on the negative, so that 
it must in any case be taken into account as 
contributing to the exposure. On the other 
hand, the relative aperture may be incorrect 
from the light-gathering point of view for other 
reasons : the actual focal length may differ from 
the nominal value and the effective aperture 
may be different from the theoretical value. 
T-stop marking takes care of all these points. 
There is a further point that the theoretical 
/-number must be used in calculations of depth 
of field and hyperfocal distance which are based 
on the geometry of the lens and not on its 
actual light transmission. In practice, however, 
the differences in depth of field values derived 
from T-stops and from /-numbers are neg- 
ligible. 

Coupled Diaphragms. On some shutter and 
diaphragm assemblies, the diaphragm control 
is coupled to the shutter speed control in such 
a way that a change in the setting of one auto- 
matically changes the other to keep the 
resulting exposure the same. The coupling 
itself is adjustable so that the relationship 
between stop and shutter speed can be set to 
give any total value of exposure (known as the 
light value). 

The idea is taken further in some cameras 
which are used in conjunction with a built-in 
exposure meter. The meter is pointed at the 
subject and the indicator needle is made to 
coincide with a reference mark. The control 
which does this automatically sets the dia- 
phragm-shutter coupling ring to give the 
correct range of stop-speed values required for 
the prevailing light conditions. At that point 
it is still open to the photographer to select a 
particular shutter speed or stop but not both) 
to serve his purpose. 


Automatic Diaphragm Control. A number of 
attempts have been made to couple the dia- 
phragm control directly to a photo-electric 
unit which would adjust the stop automatically 
to suit the lighting conditions. The problem 
of creating either a strong enough photo- 
electric signal or a light enough diaphragm 
control has not yet been solved for still 
cameras. 

In professional motion picture cameras, 
however, where bulk is not so important, 
successful systems are in operation in which 
the photo-cell simply monitors a motor-driven 
diaphragm control. 

Preset Diaphragms. Preset diaphragm mechan- 
isms have been developed for use in cameras — 
e.g., single lens reflex types — where the subject 
is first focused on a screen at the full lens 
aperture to get a bright image and the exposure 
is made at a smaller aperture to get a greater 
depth of field. The diaphragm normally 
remains fully open, and does not alter when 
the preselector control is set to give the 
required working aperture. In fact all this 
control does is to move a limit stop to a posi- 
tion corresponding to the required aperture. 
When the shutter release is pressed, the real 
diaphragm control springs back until it is 
held by the limit stop, and the lens is at its 
working aperture. Only then does the shutter 
open, and as soon as it closes, the diaphragm 
control returns once more to the full aperture 
position. 

This type of diaphragm control gets rid of 
the great shortcoming of the single lens reflex — 
i.e., the difficulty of seeing the image on the 
screen after the lens has been stopped down to 
its working aperture. The mechanism involved 
is complex and costly, so the device is only 
fitted to expensive cameras. F.P. 

See also : Covering power; Lens hisiory; Light values. 


DIAPOSnTVE. Positive picture on a trans- 
parent support intended for viewing by trans- 
mitted light — e.g., lantern slides and trans- 
parencies. 

DIASCOPE. Optical projector for showing 
enlarged screen images of transparencies or 
diapositives. 

DIAZOTYPE. General term for a number 
of dye printing processes based on certain 
compounds which have the property of forming 
dyes by coupling with other chemicals. The 
compounds are destroyed by exposure to light, 
so that when a sheet of diazo sensitized material 
is exposed under a (generally line) transparency, 
subsequent treatment with a suitable coupler 
produces a positive dye image. 


One of the most well known diazotype 
processes is the Ozalid. 

See also: Document photography; Fabric printing. 

3:5-DICHLORO-2- AMINO-PYRIDINE. 
Developer improver. 

Formula and molecular weight; C,HgN 
(C1),NH 2 : 163. 

Characteristic: White powder. 

Solubility: Fairly soluble in water. 

DICHROIC FOG. Kind of "bloom”, some- 
times seen on negatives, which looks purplish 
by transmitted light and greenish by reflected 
light. It is more obvious in the shadows 
t an the highlights, and although there are 
many causes, the effect is always due to a 
deposit of colloidal silver. 


350 



DIF 


The deposit can generally be wiped off 
the negative while wet, but once it dries on 
it may be stubborn. Brief treatment with 
Farmer’s reducer will sometimes remove the 
fog, or it will generally yield to a bath in the 
following solution: 

Thiourea 28 grains 1*4 grams 

Citric acid 28 grains I -4 grams 

Water to make 5 ounces 125 c.cm. 

Dichroic fog may be caused by excess of 
sulphite in a fine-grain developer; by hypo 
contamination of the developer; by traces of de- 
veloper in the fixing bath or by insufficient fixing. 

See also: Faults; Fogging. 

DICKSON, WILLIAM KENNEDY LAURIE, 
1860-1935. Scottish inventor, bom in France. 
Was Edison’s principal assistant in the develop- 
ment of the “optical phonograph” (1888), the 
Kinephonograph (1889), the Kinetoscope and 
Kinetograph (1891). Dickson made the first 
films for Edison. He left Edison in 1894 and 
joined Latham, with whom he developed the 
Panopticon in 1895. Left Latham and designed 
the Mutoscope. 

DIETHYL-PARA-PHENYLENEDIAMINE 
HYDROCHLORIDE. Para-(diethylamino)- 
aniline hydrochloride. Developing agent for 
direct colour development with colour couplers. 

Formula and molecular weight: (G,H,) a 
NC,H 4 NH jHC 1 ; 200 5. 

Characteristics: Whitish powder. 

Solubility: Fairly soluble in water. 

DIFFRACTION. When light rays touch the 
edge of any opaque material, they are bent 
away from their path. The bending, or diffrac- 
tion, is a consequence of the wave motion and 
is dependent on the wave length. For that 
reason diffraction is selective, the blue rays being 
affected more than the red, so that white light 
is split up into the colours of the spectrum as 
though by a prism. For certain purposes, in 
fact, a plate of glass with fine lines ruled on it 
(called a diffraction grating) is used instead of a 
prism to produce a spectrum. 

Diffraction is responsible for such familiar 
tricks of light as the halo around the moon, the 
beautiful colours caused by a ray of light 
striking a scratch on glass, and the coloured 
patterns seen on looking at the light through 
one's eyelashes. 

In photography, diffraction around the edge 
of the lens diaphragm tends beyond a certain 
point to limit the improvement in image 
sharpness that can be produced by stopping 
down. 

DIFFRACTION GRATING. Device for separa- 
ting out the individual colours in a beam of 
light of mixed composition. It consists of a 
set of fine parallel lines ruled on a surface so as 
to form a grating of alternate, regularly spaced 


black and white (or transparent) lines, a 
thousand or more to the inch. When light falls 
on such a grating, the greater part passes 
straight through the spaces, but a certain 
proportion is bent by the phenomenon known 
as diffraction. The red rays are bent most and 
the violet least, which is the reverse of the 
action of a prism. But where the prism spreads 
out the violet and blue rays more than the red, 
the diffraction grating spreads the various 
frequencies evenly throughout the spectrum. 

For most work — e.g., spectroscopy — a 
diffraction grating is better than a prism. At 
the same time, the spectrum given by a diffrac- 
tion grating is less intense than one given by a 
prism because most of the light passes through 
the grating without being affected. Moreover, 
the prism forms one spectrum while the 
grating forms a series of spectra. 

There are two sorts of diffraction grating; 
one consists of opaque lines ruled on glass 
(called a transmission grating) and the other 
consists of lines ruled on a metal surface 
(reflection grating). The spectrum of the first 
is seen by transmitted light, and the second by 
reflected light. 

DIFFUSER. Any light-scattering medium 
placed in the path of a beam of light to soften 
its character. Undiffused light as it radiates 
from a light source is sometimes unsuitable for 
many types of photograph — e.g., portraiture, 
figure studies, still lif» — because it casts sharply 
defined shadows. While a hard light is excel- 
lent for emphasizing surface texture, roundness 
and subtleties of modelling call for a soft light 
which shifts the emphasis from the finer details 
to the broader conceptions of shape and form. 

There are several ways of diffusing a light. 
The commonest is to furnish the lamp with a 
satin-finish or matt white reflector in place of 
a polished reflector or of none at all. Reflections 
from such surfaces are sufficiently diffused to 
avoid really sharp shadows. 

Where even more diffusion is required or 
where the area of the reflector is small in rela- 
tion to the source— e.g., in a spotlight — a 
diffusing screen is placed in front of the light. 
This screen may consist of a disc of fine white 
fabric or opal glass fastened over the opening 
of the lamp reflector, or a large screen of 
similar material supported on a stand between 
the lamp and the subject. 

Flash-bulb reflectors are often fitted with a 
translucent plastic screen which serves the 
double purpose of diffuser and a protective 
shield if a flash bulb should explode on firing. 

Diffusers may also be used over the camera 
or enlarging lens to soften the over-all defini- 
tion of the picture. Diffusers of this type are 
usually clear glass inscribed with concentric 
circles, but very thin black chiffon or similar 
fabrics can be used quite effectively. 

See also: Lighting the subject; Soft focus; Texture 
screens. 
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DIFFUSION. When light rays are reflected off 
or transmitted through a material in all direc- 
tions, they are said to be diffused. White paint 
is a good diffuser because the light is reflected 
from a large number of microscopic flakes of 
pigment, all lying in different directions, and 
therefore spreading rays at random. Milk is a 
good diffuser because it consists of large 
numbers of suspended globules of fat which 
behave in the same way as the flakes of pigment 
in the white paint. 



DIFFUSION. Top: Light reflected from a rough surface is 
diffused by reflection in every possible direction. Bottom: 
Light passing through a translucent medium is diffused by 
scattering, yielding an evenly illuminated surface. 

Coloured materials will also diffuse light, but 
the fact that they appear coloured means that 
some of the light has been absorbed. So they 
are not as efficient in diffusing as white 
materials. 

Soft focus lenses and diffusing discs may be 
used for either taking or enlarging photographs 
(or both) to diffuse and soften the image where 
extreme sharpness is undesirable. This effect 
is not really diffusion so much as refraction. 
What happens is that part of the light is used 
to produce a sharp normal image, and part is 
distorted by a refractive effect to produce one 
or more overlapping images. The combined 
effect is a softened but basically sharp image. 

Opalescent diffusing screens are true diffusers 
and tend to spread light sources evenly and 
soften the sharpness of shadows. 

DIFFUSION ATTACHMENTS. Discs of 
lightly engraved or etched glass or transparent 
plastic. They are made to fit in front of the 
lens of a camera or enlarger to blur part of the 
image-forming rays and soften the definition of 
the picture. Chiffon and similar fabrics can 
also be used in the same way. 

See also : Soft focus. 

DIMETHYL GLYOXIME. Used in nickel 
toners, as it forms a red compound with nickel. 

Formula and molecular weight: (CH,) S 
(CNOH),; 116. 

Characteristics : White powder. 

Solubility: Insoluble in water, fairly soluble 
in alcohol. 

352 


DIMETHYL-PARA-PHENYLENEDIAMINE 
HYDROCHLORIDE. Para-(dimethylamino) 
aniline hydrochloride. Developing agent for 
direct colour development with colour couplers. 

Formula and molecular weight: (CH t ). 
NC,H,NH 2 HC1 ; 172-7. 

Characteristics: White powder. Similar to 
diethyl-para-phenylenediamine hydrochloride. 

Solubility : Fairly soluble in water. 

DIMMER. Electrical control which makes it 
possible to adjust the light given by a lamp or 
bank of lamps to any value up to and including 
the full normal brightness. 

Dimmers usually consist of a number of open 
spirals of resistance wire connected in series 
with the light. The spirals are arranged so that 
movement of a control knob or arm short- 
circuits or disconnects them progressively until, 
in the extreme position, no effective dimming 
resistance is left in circuit and the full power of 
the supply is applied to the lamp. Alternatively, 
the circuit may start with a high resistance in 
series with it and movement of the control may 
add spirals in parallel, allowing more and more 
current to pass up to the maximum value. 
Series-parallel Dimming. When the illumination 
is provided by more than one lamp of the same 
kind, a 2-pole double throw switch may be 
used to give one stage of dimming by connecting 
the lamps in either series or parallel. In the 
parallel position the lamps give their full 
brilliance; in the series position the voltage 
applied to each lamp is halved and the light is 
reduced to less than one-quarter. 

The series-parallel arrangement is useful for 
increasing the working life of Photoflood lamps. 
Two lamps connected in series give enough 
light for focusing and arranging the subject and 
the switch has only to be thrown into the 
parallel position to make them give their 
maximum brilliance. This lengthens the life of 
the lamp in two ways; the full brilliance is' 
used only for the brief taking interval, and not 
for the lengthy business of arranging the subject, 
and the filament lasts longer because its 
temperature is increased in two easy stages 
instead of being switched to its full value. 



D/A1A1ERS. Top: Sliding resistor for adjusting the current token 
up by the lamp, thus controlling its brightness. Bottom: 
Fixed dimming resistor with short-circuiting switch. 



DIS 



SEfifCS-PARALlEL SWITCH. With two switches wired up as 
shown and bot/i open, the lamps ore dimmed. They come to full 
brilliance on closing the switches ( usually connected by a bar). 


Chokes. Lamps operating on alternating current 
may be dimmed by a variable choke of the type 
used for ballasting carbon arcs. Lamps on 
direct current circuits can only be dimmed by a 
variable resistance dimmer and not by a choke 
or tapped transformer. 

Dimmers are not normally used in subject 
lighting circuits because they would make it 
impossible either to predict or repeat the correct 
exposure. They also alter the colour temperature 
of the light. Their principal use is in projectors, 
for adjusting the screen brilliance, and in 
cinemas, for raising and lowering the house 
lights. 

See also: Electricity; Rheostat. 

D.I.N. SPEED. System of stating emulsion 
speeds, as laid down by the Deutsche Industrie 
Norm (German standards organization). 

See also : Speed of sensitized materials. 

DIOPTER. Unit expressing the power of a 
lens, now mainly used by opticians. It is the 
reciprocal of the focal length in metres. When 
the power of a lens is stated in diopters (— d), 
its focal length is given by 100/d in centimetres, 
e.g., a lens with a power of 17 diopters has a 
focal length of 100/17 = 5-88 cm. 

See also: Weights and measures. 

DIRECT CURRENT (D.C.). Term for electric 
current produced by a steady potential, e.g., 
generated by a dynamo or simple cell. 

DIRECT VISION FINDER. Any form of 
viewfinder through which the subject is 
looked at directly, as with a telescope, instead 
of by reflection from a mirror. 

DISCHARGE LAMP. Light source in which 
an electric current passes through a gas enclosed 
in a glass or quartz envelope. 

The colour of the light is governed by the 
composition of the gas, and not by its tempera- 
ture as it is in a filament or carbon arc lamp. 


Mercury Vapour Lamp. Mercury vapour is the 
commonest source of discharge lighting. The 
simplest lamp of this type — the Cooper- 
Hewitt — consists of an evacuated glass tube 
fitted with a graphite electrode at each end and 
containing a small amount of mercury. By 
tilting the tube, mercury is made to bridge the 
electrodes, and start an arc. The heat of the 
arc turns some of the mercury into a vapour 
which glows with an intense light, rich in 
ultra-violet, violet and yellow-green rays, but 
containing practically no red. 

The operating voltage depends on the 
length of the tube, and is usually below 100 
volts, and a choke or resistance is necessary, 
as for most arc lamps. By connecting two 
lamps in series, less “ballast” is needed and the 
efficiency of the system is greatly improved. 

Low-pressure mercury vapour lamps are 
made to work off both D.C. and A.C. supplies. 
The visual efficiency is less than 20 lumens per 
watt, but the light is highly actinic. This type is 
used extensively in process work and plan 
copying. 

Improved Types. If the pressure of the gas is 
increased, its resistance also increases. This 
means that the tube can be made shorter and 
still give the same — or mors — light for the 
same electrical consumption. Lamps based 
on this principle have a short quartz tube an 
inch or more in length according to the power. 
The tube works at a pressure of 1 atmosphere 



DISCHARGE LAMP SPECTRUM. A (as ditcher lamp omits 
light of specific wavelengths only, and not a normal continuous 
spectrum. Top : Sodium lamp with sinwle yellow waveband. 
Bottom: High-pressure mercury vapour lamp with pronounced 
individual lines but also a continuous background spectrum. 
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and is surrounded by a partly evacuated bulb 
to cut down heat radiation and maintain the 
tube at an efficient working temperature. This 
type of lamp is made in ratings from 80 to 400 
watts and has an efficiency up to 45 lumens per 
watt. 

Lamps working at still higher pressures — up 
to 100 atmospheres — are nowadays widely 
used in photography. In the lower ratings — up 
to 1,000 watts — they are used for portraiture 
and spot lighting. More powerful lamps con- 
suming several kilowatts are used in film 
studios. The operating voltage of such lamps 
may exceed 1,000, and the efficiency may be as 
high as 70 lumens per watt. As the concen- 
trated discharge develops an appreciable 
amount of heat, which would even melt the 
quartz used, some form of water-cooling is 
necessary with the more powerful units. 

A special type of high-pressure mercury 
vapour lamp known as the compact source 
lamp has been produced for projection in 
ratings from 2j to 10 kilowatts at normal supply 
voltages. 

These lamps consist of two electrodes, and 
sometimes a heated coil for striking, enclosed 
in a quartz bulb and surrounded by an eva- 
cuated bulb to maintain the discharge tem- 
perature. High working pressures are used, but 
normal voltages are sufficient since the impe- 
dance of the discharge is comparatively low. 




DISCHARGE LAMPS. Top: 250-400 watt high-pressure mercury 
vapour lamp. The discharge takes place inside a pressure tube 
sealed into the outer bulb. Upper centre: 80-125 tvoCC high- 
pressure mercury vapour lamp. Bottom: Two forms of compact 
source lamps f or projectors and studio use. 


Spectral Composition. The light of the mercury 
vapour lamp has no continuous spectral com- 
position but consists instead of isolated spec- 
trum lines. In the case of the Cooper-Hewitt 
lamps the visible output consists almost entirely 
of two lines in the violet, one in the yellow- 
green, and one in the yellow region of the 
spectrum. This results in very distorted colour 
reproduction when the lamp is used for general 
photography such as portrait work; skin defects 
are emphasized (being red in colour, any light 
source deficient in red will accentuate them). 

With high-pressure lamps the colour of the 
light is improved, since a low-intensity con- 
tinuous background spectrum appears, in- 
cluding orange and red rays. 

A further improvement in the mercury 
vapour lamp is produced by including some 
zinc or cadmium vapour in the tube. This in- 
creases the proportion of red rays and makes 
the light suitable for normal black-and-white, 
or even colour, filming. 

Fluorescent lamps (below) are another type 
where the spectral composition has been 
balanced more evenly by additions to the 
interior of the lamp. 

Sodium Vapour. Sodium vapour gives a light 
of similar electrical characteristics to mercury, 
but the colour produced is the familiar yellow 
of many of our road lighting systems. This 
lamp is suitable for photography with yellow- 
sensitive materials; the light is however mono- 
chromatic and contains only yellow. Hence all 
objects not reflecting yellow will appear black. 
The visual efficiency of a sodium lamp may be 
as high as 70 lumens per watt. 

Other Gases. Gas discharge lamps are still the 
subject of much experiment, and the effect of 
filling the tube with other gases has been given 
a great deal of attention. Argon, Krypton, 
and Xenon, in particular, have been used alone 
or in combination in high pressure discharge 
tubes for “artificial daylight” in film studios. 
Fluorescent Lamps. A large proportion of the 
radiations emitted by a mercury vapour lamp 
lies in the invisible, ultra-violet region — i.e., 
between 3,650 and 3,663 A. These radiations 
are useless for ordinary room lighting but they 
cause certain substances to fluoresce visibly. By 
coating the glass envelope with such sub- 
stances the lamp is turned into a useful and 
highly efficient light source. This is the prin- 
ciple of the familiar tubular fluorescent lamp 
widely used for lighting public buildings ana 
occasionally for domestic interiors. 

As the frequency of the supply causes the 
light to fluctuate, certain precautions are neces- 
sary when making short instantaneous expo- 
sures by this form of illumination. 

Fluorescent lamps, like other discharge 
lamps, must be connected to the supply through 
special control gear. F.P. 

Sec also: Fluorescent lamp; Light sources; Monochro- 
matic illumination; Point source lamp. 

Books: Illumination , by R. H. Cricks (London); Dis- 
charge Lamps for Photography, by H. K. Bourne (London). 
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DISCOVERY OF PHOTOGRAPHY 


Technical histories are histories of inven- 
tions — overflowing with argument about dates, 
names and precedence. These arguments are 
set off by historians who stress the importance 
of their own discoveries and are kept going by 
competing national vanities. But behind the 
smoke-screen of controversy there is a pattern 
of continuity, logic and progress. People, 
places and products matter less than we may 
think. In technological progress a man and his 
ideas are never quite alone. As many inven- 
tions are mutations of available knowledge, 
more than one person may hit on the same 
idea at the same time. The invention that 
matters most need be neither the first nor the 
best; it is the one that arrives at the right 
moment, strikes fertile conditions and leads to 
practical success. 

The idea of photography is a synthesis of two 
lines of experience — both old. One is, that 
certain substances are sensitive to light; the 
other is, that light entering a dark room or box 
through a small hole will draw an inverted 
image of what is outside opposite to the hole. 
The chemical and optical lines of progress con- 
verge and where they intersect — photography 
is discovered. 

LIGHT SENSITIVITY 

It was noted thousands of years ago that 
foliage turned green in light and that light 
would produce purple dyes from the slime of 
some Mediterranean snails. It was common 
knowledge that certain colours were bleached 
by the sun. The respective functions of light, 
heat and air may not have been very clear to 
the ancients, and medieval alchemists added 
to the confusion by looking for mysterious 
chemical powers emanating from the heavenly 
bodies. 

Early Experiments. Then in the seventeenth 
century the quest for exact knowledge based on 
experiments gradually made itself felt. In 1663 
Robert Boyle, one of the founders of the Royal 
Society, described many chemical reactions and 
the resulting changes of colour. He mentioned 
that silver chloride turned dark under exposure; 
only he thought that this was caused by “air”. 
In 1725 Johann Heinrich Schulze, a professor 
at the Universities of Altdorf and Halle, was 
looking for phenomena of phosphorescence 
and in doing so accidentally exposed to light a 
suspension of chalk in silver nitrate; he 
recognized, tested and correctly explained the 
darkening action so caused. In 1737 Jean 
Hellot, member of the Academie des Sciences 
de Paris, described invisible inks containing 
silver nitrate and gold chloride, which became 
legible when exposed to “air”. In 1757, 
Giovanni Battista Beccaria, Professor of 
Physics at Turin, discovered the sensitivity of 
silver chloride and demonstrated that it was 


not air but light that turned his specimen blue- 
violet. It is unlikely that these scientists knew 
much of each other’s work. 

But by the second half of that fabulous 
eighteenth century its virile intellectual forces 
were beginning to draw together. Individual 
discoveries were followed by clear recognition 
of principles, planned research by broad literary 
surveys. In 1772, Joseph Priestley, fellow of the 
Royal Society, published his History and Present 
State of Discoveries Relating to Vision , Light 
and Colour, the first comprehensive description 
of the chemical action of light. In 1777, Carl 
Wilhelm Scheele, the Swedish chemist, pub- 
lished his dissertation Aeris atque Ignis Examen 
Chemicum , introducing the prismatic solar 
spectrum for the investigation of light sensi- 
tivity and ammonia as an agent for separating 
blackened from unchanged silver chloride. 
In 1782, Jean Senebier, librarian of the city of 
Geneva, published his extensive experiments in 
colour sensitivity. 

Thomas Wedgwood. The enthusiasm for 
experimenting and the number of experi- 
menters grew rapidly. Among them was 
Thomas Wedgwood, fourth son of Josiah 
Wedgwood, the famous potter. In 1802 his 
friend Humphry Davy, later president of the 
Royal Society, published a report about 
Wedgwood’s method of copying glass paint- 
ings or drawings on paper or leather which were 
treated by silver nitrate or silver chloride. He 
also described how silhouettes were made by 
the same method. (Jacques Alexandre Cesar 
Charles, the versatile French Academician 
and popular lecturer, was said to have produced 
similar profiles by light before Wedgwood had 
done so, but there is no evidence that would 
confirm this belief.) Wedgwood had to keep his 
images drawn by light in darkness and could 
show them only by candle light; he found no 
way of making his work permanent — although 
Scheele’s experience with ammonia should have 
been known among his friends. He was also 
unsuccessful in his attempts to make similar 
pictures in the camera obscura. There is an air 
of casualness about Wedgwood’s efforts and 
Davy’s summary of them. Wedgwood died 
three years after it was published, 34 years old. 
He touched the threshold beyond which photo- 
chemical experiments were made to serve 
graphic ends. 

THE CAMERA IMAGE 

Knowledge of the camera or, at least, of its 
principle has been ascribed to Mo Tzu in 
China of twenty-five centuries ago the Greek 
philosopher Aristotle (384-322 b.c.), the 
learned Arab Ibn al Haitam (965-1038), the 
English friar Roger Bacon (1214-94), the 
Hebrew scholar Levi ben Gershon (1288-1344) 
and others. But some of these assumptions are 
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based on imaginative readings of barely more 
than sketchy remarks. 

The Camera Obscure. That giant of the Renais- 
sance Leonardo da Vinci (1452-1519), described 
the working of the camera obscura quite fully; 
only his account — confined to his manuscripts 
in mirror writing — did not become public 
property for centuries. An illustration of the 
camera obscura was actually published in 
1 545 yet the invention of the pinhole camera is 
still mostly linked with the name of Giovanni 
Baptista della Porta of Naples who gave a very 
clear description of it in his Magia Naturalis 
sive de Miraculis Rerum Naturalium , the first 
edition of which appeared in 1558. 

In 1568, the Venetian nobleman Daniel 
Barbaro suggested the addition of a biconvex 
lens to the camera and of a diaphragm to im- 
prove the definition. Twenty years later, in a 
new edition of his work. Porta also mentioned 
the use of a lens as well as of a mirror to right 
the reversed image. In Porta’s time a whole 
room was used as a camera obscura. 

The seventeenth century, recognizing their 
usefulness to artists in drawing exact perspec- 
tives, brought portable cameras. The astrono- 
mer Johannes Kepler used one for topo- 
graphical sketchesin 1 620, the Jesuit Athanasius 
Kircher illustrated a large portable model in 
1646, the Praemonstratensian Johann Zahn 
described several small box reflex cameras in 
1685. 

Improvements. But it is the eighteenth century 
that made the camera obscura really popular; 
the improvements were both mechanical and 
optical. The shape was changed, among others, 
into that of tables, a sedan chair or a small tent 
that f astened to a drawing desk with the viewing 
piece turned into a reflecting periscope. Some 
cameras were equipped with a concave drawing 
board to compensate for marginal failings of 
the lens. Eventually, in 1812, William Hyde 
Wollaston replaced the old biconvex lens by a 
meniscus with a stop giving uniform distribu- 
tion of reasonable sharpness over the whole 
field. 

Now the image was coming out bright and 
sharp enough to evoke a desire in the draughts- 
man to catch this picture by means quicker 
than his hand. It certainly suggested this possi- 
bility to Fox Talbot in 1833 when he tried to 
sketch landscapes through a camera on Lake 
Como (“. . . the idea occurred to me . . . how 
charming it would be if it were possible to 
cause these natural images to imprint them- 
selves durably, and remain fixed upon the 
paper 1”). 

Retaining the Image. The vision of a mirrored 
view caught for good is probably as old as 
human imagination. 

The Roman poet Publius Papinius Statius 
(40-96 a.d.) has it in some verses of Silvae. 

In Gyphantie, a piece of science fiction from 
1 760, Charles-Franf ois Tiphaigne de la Roche 
romances about a subtle sticky substance 


which, coated on a piece of canvas, has only to 
be held before any object to depict it instan- 
taneously. 

Yet his were fancy dreams of magic at a time 
when down-to-earth practitioners of magic did 
not get beyond using silver solutions to make 
writing appear from nowhere or to tum a white 
man into a negro. Magicians’ handbooks of 
the late eighteenth century have plenty of good 
advice to give on such subjects as well as enter- 
taining uses of the camera obscura. However, 
when Talbot, returning from Italy, concen- 
trated on the problem of marrying chemistry 
to the camera others were way ahead of him. 

NIEPCE 

Joseph-Nicdphore Nidpce of Chalon-sur- 
Sa6ne, born 1765 into the well-to-do Burgundy 
bourgoisie, retired as a subaltern from a short 
army service and devoted himself to technical 
inventions. In 1813 he turned to lithography, 
which had recently been imported into France. 
Nidpce could not draw and looked for ways of 
copying designs on to the lithographic stone. 
Thus he became interested in the problem 
of producing images in a camera by light on 
sensitive materials. 

Hellography. He made several cameras; one of 
them was the size of a jewel box. The dimen- 
sions of his cameras were determined by the 
focal length of the lenses he found. He fitted 
these in metal tubes and also used bellows. He 
improved definition by a stop and turned that 
into the iris diaphragm. He tried stone, glass, 
metals and paper for materials and sensitized 
these with a variety of substances following up 
references in the expanding literature of 
chemistry. 

Nidpce’s progress was slow and groping; he 
worked for twenty years with admirable per- 
sistence yet apparently was handicapped by 
provincial isolation. His experiments were 
dominated and probably misdirected by the 
combined idea of a camera-made image that 
would also serve as a printing plate. Nidpce 
called his process Heliography and applied that 
name both to images produced in the camera 
and to designs traced in contact from art work. 
Limitations. His first camera images, in 1816, 
were weak negatives on paper treated with 
silver chloride and poorly fixed in nitric acid. 
He was aware of the problem of having to 
reverse the tones and preferred searching for 
alternative substances that would give him 
direct positives. After 1822, he settled down to 
an asphalt varnish on metal and glass and used 
a mixture of oils as a solvent for fixing the 
image. Nidpce’s varnish was not suited to 
recording tone values in camera views and, as 
sometimes a whole day was required for 
exposing these, the sun moving around the 
horizon also interfered with whatever modelling 
the material would yield. Nidpce succeeded 
in taking a view in the camera in 1826, but his 
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best heliographs were line subjects, engraved 
plates or prints made from engraved plates. 

Thus Niepce invented a form of photography 
but he left it in a technical cul-de-sac waiting for 
Daguerre to find a way out. 

DAGUERRE 

Louis Jacques Mandd Daguerre, bom 1787, 
was a gifted scenic painter and ingenious show- 
man. His Diorama, opened in 1822, was 
acclaimed as one of the great attractions of 
Paris; it combined panoramic views with 
changing light effects and foreground props that 
blended into a colourful and realistic spectacle. 

Daguerre, being interested in the interplay 
of light and perspective, made use of the camera 
obscura for sketching. He is supposed to have 
stimulated its improvement by the opticians, 
Vincent and Charles Chevalier, who equipped 
it with a double lens which they developed 
from Wollaston’s meniscus. Daguerre dis- 
cussed with the Chevaliers his ideas of catching 
the images in the camera obscura and even 
claimed to have succeeded in doing so. 
Partnership with Niepce. In January 1826, on 
hearing about similar experiments by Nidpce, 
the Chevaliers passed on his address to 
Daguerre. Daguerre wrote to Ni6pce with 
little loss of time; Nidpce replied evasively. 
Twelve months later, in January 1827, Da- 
guerre wrote again and Ni6pce now made 
careful inquiries about his correspondent. In 
August 1827, on his way through Paris, Ni6pce 
visited Daguerre and left impressed. He was 
now well over sixty, a tired provincial, 
financially much embarrassed, and in January 
1828 he returned from London with a refusal 
of the Royal Society to take note of his inven- 
tion as he was not ready to tell how he arrived 
at it. Daguerre was twenty-two years his 
junior, a very live Parisian, well off and success- 
ful in his undertakings. 

By the end of 1829 the two arrived at a 
formal contract to run for ten years, agreeing 
to pool their secrets, mutually to improve upon 
their results, to publish their invention at the 
proper time under the joint names of Ni6pce 
and Daguerre and equally to share in the profits. 
To execute the agreement Daguerre came to 
Chalon and Nidpce demonstrated his process. 
He also handed over a memorandum of detailed 
instructions how to use it. Daguerre does not 
seem to have disclosed anything; it is doubtful 
whether he had much to disclose at this stage. 

The partners never saw each other again. 
Ni6pce died in 1833. 

When Ni6pce and Daguerre signed their 
agreement in 1 829 each seems to have expected 
too much from the other. 

Nidpce, who had been inclined to blame his 
optical equipment for slow progress, readily 
believed Daguerre’s over-statements about his 
improvements to the camera obscura. Daguerre, 
whose chemical experience was sketchy, must 
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have overrated the flexibility of Niepce’s know- 
ledge. 

In any case when, in 1831, Daguerre re- 
peatedly wrote to Niipce pressing for experi- 
ments with silver iodide, Nidpce proved to be 
unreceptive. He thought he knew the substance 
f rom earlier trials, he was worried about getting 
negative images and he saw no way of fixing 
them. Eventually Daguerre must have realized 
that he was on his own and shut himself up in 
his laboratory. 

Daguerre’s Progress. Nobody was permitted to 
watch Daguerre’s work and nobody really 
knows what he did except that for a few years 
he worked feverishly. His progress is related 
in a number of episodes which are colourful 
and plausible enough to have originated from 
a man with an obvious flair for effects. 

One story tells how, in 1823, Daguerre 
noticed on a freshly painted scene the image of 
a tree which had been projected through a 
small hole in the window shutter; it was still 
there next day. This prompted him to try to 
retain images in a camera and during these 
trials he recalled that he had mixed iodine with 
the colours when painting that scene . . . 

The second story tells about Mrs. Daguerre’s 
visit, in 1827, to the celebrated organic chemist 
Jean Baptiste Andrd Dumas to whom she com- 
plained that her husband was neglecting his 
business for the sake of dubious experiments. 
Dumas looked up Daguerre, but instead of 
discouraging him gave useful advice and pro- 
mised expert help . . . 

The third story is supposed to have happened 
in 1831; it relates to a silver spoon which, 
lying by chance on an iodized plate, left its 
perfect image on it . . . 

The fourth story brings us up to 1835 when, 
having locked in a cupboard an insufficiently 
exposed iodized silver plate that had not 
shown traces of an image, on opening the 
cupboard Daguerre was surprised to see a 
fully developed image on it. The developing 
agent, found by eliminating one chemical after 
another that had been locked in with the plate, 
proved to be mercury . . . 

The Process. Some of the materials used by 
Daguerre were used by Nidpce before him; yet 
Daguerre’s process was different. He employed 
silvered copper plates coated with vapours of 
iodine. He exposed the plate in the camera for 
fifteen to thirty minutes, producing an invisible 
or scarcely visible image. This latent image was 
developed by placing the plate over a vessel of 
heated mercury. Fine particles of the mercury 
clinging to the exposed regions of the silver 
iodide then formed a visible positive image. 
Finally Daguerre washed the plate in a hot 
solution of cooking salt, removing the un- 
necessary iodide and thus making the image 
permanent. The Journal des Artistes of 27th 
September 1835, claimed that he produced per- 
manent images at that date, but in fact he found 
a way of fixing them only two years later. 
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It was also in 1835 that in view of his own 
progress Daguerre invited the son of his former 
partner, Jacques Marie Joseph Isidore Niepce, 
to accept a modified agreement changing the 
joint name from Nidpce-Daguerre to Daguerre- 
Niipce. In 1837, demonstrating his latest 
results, he made the younger Niepce agree to 
drop his father’s name altogether; the financial 
arrangements were to remain unaffected. In 
1838 Daguerre’s efforts to find money for a 
public company failed and so he turned to the 
influential astronomer Dominique Francois 
Arago for assistance in selling the invention to 
the French State. Rumours were helpfully 
afoot that “England offered to buy the secret 
of the process for 200,000 francs” (Potonnide). 
Official Recognition. On 7th January 1839 
Arago reported to the Acaddmie des Sciences 
about Daguerre’s achievement. On the preced- 
ing evening the Gazette de France duly scooped 
the news. On 8th March the Diorama was 
destroyed by fire; Daguerre seemed ruined. On 
1 5th June the Minister of the Interior, Tannegui 
Duchatel, presented to the Chamber of Depu- 
ties a bill granting DaguerTe for life an annual 
pension of 6,000 francs and Nidpce junior 
4,000 francs. The bill was adopted by the 
Chamber on 3rd July based on the impressive 
exposition by Arago; the Peers adopted it on 
30th July after a report by Joseph Louis Gay- 
Lussac, the great physicist. 

On 19th August 1839 Arago, in a brilliant 
speech before the members of the Acaddmie des 
Sciences and the Acaddmie des Beaux Arts, 
described the technique in detail, sketched its 
history, forecast its future in the service of 
civilization and offered its free use to every- 
body. (“France has adopted this discovery and 
from the first has shown her pride in being 
able generously to donate it to the whole 
world”.) Alas, five days previously on 14th 
August, Daguerre had secured a patent in 
England. 

The building was overflowing with the cream 
of French intellectual life, outside Paris was 
buzzing with excitement and by then the whole 
world was listening. Ambassadors of the King 
of France presented daguerreotypes to courts 
abroad. Daguerre in return received decora- 
tions and presents from foreign sovereigns. 
Photography was officially bom, ushered in by 
a beautiful gesture and in a setting of perfect 
stage management. 

Dissent. There were dissenting voices long 
before the celebration. Francis Bauer, Fellow 
of the Royal Society, wrote a letter on 27th 
February 1839 to the Editor of the Literary 
Gazette of London to express the view that 
Daguerre’s invention was the same as that of 
Nic6phore Ni6pce of whose work Bauer had 
proofsfrom 1827.Talbot wroteon29th January 
to Arago and made a formal claim of priority 
to fixing images in the camera obscura. Hippo- 
lyte Bayard, a clerk in the Ministry of Finance, 
brought his own positive paper images to 


Arago three months before Daguerre’s process 
was officially disclosed in August. 

Daguerre’s was really the wrong invention, 
yet launched so intelligently and with such 
force that other ideas could barely keep afloat 
in its wake. At a time when factories and 
railways were preparing great social changes 
which would soon produce mass demands for 
new arts, the daguerreotype presented an 
exquisite small silver image that was as unique 
and almost as laborious to duplicate as an 
artist’s miniature painting. Ni6pce had been 
instinctively groping for the desirable solution 
when he tried to link his camera with litho- 
graphy; but he became bogged down in the 
mutual incompatibility of the two techniques. 

1 1 was lef t to T albot, a distinctly feudal figure, 
to grasp the essentials of such a democratic 
art and thus open the epoch of negative- 
positive photography — the functional method 
for producing with ease any number of prints 
from the original made in the camera. 

TALBOT 

William Henry Fox Talbot, bom 1800, was 
the only son of William Davenport Talbot of 
Lacock Abbey in Wiltshire and Lady Eliza- 
beth Fox Strangeways, eldest daughter of the 
second Earl of Ilchester. The Talbots had 
resided at the thirteenth century Abbey since 
the days of Henry VIII. Fox Talbot was edu- 
cated at Harrow and Trinity College, Cam- 
bridge. He had a keen, exacting and versatile 
mind and developed interest in botany, mathe- 
matics, chemistry, physics, astronomy and 
archaeology. He wrote some tales in prose and 
verse which he hoped would be set to music and 
later learned works on classical research, on 
the book of Genesis and on English etymology. 
He had a wide knowledge of languages and 
travelled a great deal. For a couple of years he 
sat in Parliament and he was a Fellow of the 
Royal Society. Talbot’s photographic activities 
cover merely a phase of his life and even whilst 
that phase lasted they were only a facet of it. 
Photogenic Drawings. On some of his frequent 
and extensive Continental tours in the eighteen- 
twenties he had again and again attempted to 
make use of the camera obscura for sketching. 
Late in 1833 he became impatient about his 
own lack of success with the camera lucida 
(Wollaston’s prismatic device for joint viewing 
and drawing the scene) and on his return to 
England in early 1 834 he settled down to tackle 
the problem of capturing camera images by 
chemistry. Of Wedgwood’s experiments he 
learned only later. It was suggested that he may 
have heard of Nidpce’s work as well. In any 
case by then the basic idea which T albot pursued 
was to such an extent “in the air” that he could 
have hardly imagined it to be wholly original. 

He started, though, from scratch. First he 
treated paper with silver chloride and on this 
sensitive material he stencilled in contact by 
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light negative patterns of botanical specimens, 
lace and similar objects. He neutralized! suffi- 
ciently the unexposed parts by washing the 
paper with a strong solution of common &lt or 
potassium chloride to retain an image for some 
time. By 1835 he was able to produce tiny nega- 
tives by exposing them for half an hour in 
small locally-made cameras, which his wife 
referred to as “mousetraps”. 

When the news came from Paris in January 
1839 about Daguerre’s invention Talbot 
hastened to draw attention to samples of his 
“photogenic drawings” which happened to be in 
London; they were shown by Michael Faraday 
to the Members of the Royal Institution on 
25th January. Talbot showed them to the 
Royal Society on 31st January and published 
his methods on 21st February under the title 
Some Account of the Art of Photogenic Draw- 
ings; or, the Process by which Natural Objects 
may be made to Delineate themselves without 
the Aid of the Artist’s Pencil. 

Talbot’s friend, the astronomer Sir John 
Herschel, became particularly interested. In a 
letter to Talbot, dated 28th February, he made 
use of the word “photography”. This word 
also appears on 25th February in the Vossische 
Zeitung of Berlin in a notice by the astronomer 
Johann von Maedler; Herschel and Maedler 
knew each other. The same word as a verb 
and its adjective “photographic” does crop 
up even earlier in Herschel’s private writings. 
Herschel also coined the terms “negative” 
and “positive”. More importantly it was 
Herschel who suggested sodium thiosulphate 
(hypo), the properties of which he discovered 
back in 1819 and which was to become the 
classic fixing agent. 

With Herschel’s consent Talbot wrote about 
this method of fixing on 15th March to the 
physicist Jean Baptiste Biot who published the 
letter in the Comptes Rendus of the Acaddmie 
des Sciences ; Daguerre made use of it. 
Talbotype. At the same time Talbot sent news 
about having improved the sensitivity of his 
process by using silver bromide. In the autumn 
of 1840 he switched to silver iodide, also used 
by Daguerre, and under strikingly similar 
circumstances to those experienced by Daguerre 
he accidentally discovered that the exposure 
time could be greatly shortened by aiming 
only at a latent image and developing it after 
exposure. Talbot confined this technique to 
making negatives and continued to use silver 
chloride paper for printing out positives. He 
named his developer gallo-nitrate of silver and 
his new process Calotype, later Talbotype. 

From 1841 onwards he protected his pro- 
cesses with a number of patents and demanded 
royalties for their use. 

In 1 844 he published The Pencil of Nature, 
which relates the story of his work, illustrating 
it impressively with a number of his own Calo- 
types: it is as telling a monument as any 
inventor could erect to himself. 
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Restrictions. Talbot’s was the right invention — 
but not very happily put over. He claimed to 
have spent £7,000 on his patents (about £28,000 
in present value) and, whilst all his scientific 
activities reveal him as an amateur in the best 
sense of that word, he rigidly watched over his 
photographic patents, taking action against 
those who infringed them. His motives were 
probably less one-sided than the comments 
either of his admirers or of his critics. Pre- 
occupation with figures since early childhood 
and carefully balanced accounts of his personal 
expenditure suggest that he liked to know where 
he stood and was not indifferent towards 
money. 

Talbot was bound to be indignant about 
Daguerre’s cutting across his path, his lack 
of fairness in securing the protection of a 
British patent for the supposedly “free” French 
invention and, last but not least, about the 
greater commercial success of the competing 
French process. 

Being concerned with respectability and 
appearances Talbot seems also to have had a 
gentleman’s contempt towards those who 
gathered around to degrade his art by trading. 
Thus, even when put under some pressure from 
the Presidents of the IJoyal Academy and the 
Royal Society who appealed to him to loosen 
his grip that threatened to handicap British 
progress, in a letter to The Times dated 30th 
July 1852 Talbot, whilst somewhat belatedly 
freeing his method of photography for scien- 
tists, artists and amateurs, still continued to 
insist on licensing portraiture for profit — the 
only worthwhile commercial application of 
camera work in those days. The relations be- 
tween Talbot and some contemporary photo- 
graphers were, in fact, such that when in 
1853 plans were laid for the first Photographic 
Society in England, Talbot could not be per- 
suaded to become its president. 

Eventually, 1854, Talbot abandoned his 
patents once he lost his claim against Silvester 
Laroche, a professional who practised the new 
collodion process. In the course of that case 
it must have been particularly disconcerting 
for Talbot to have to face the evidence of the 
Reverend Joseph Bancroft Reade, who proved 
that he had used a substance similar to 
Talbot’s “gallo-nitrate of silver” before Talbot 
had it patented — allegedly knowing that the 
idea was not quite his own. (Reade used tannin 
as an accelerating influence in the blackening 
process before and during exposure whilst 
Talbot more decisively employed it for develop- 
ing the latent image.) 

BAYARD AND OTHERS 

Another very disappointed man was Hippo- 
lyte Bayard of Paris. In 1840 he took a picture 
of himself in the nude captioning it thus “This 
corpse is M. Bayard . . . The Academy, the 
King and all who have seen his work admired 
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it just as you do now. This brought him 
honour but not a penny. The Government who 
have done too much for M. Daguerre would do 
nothing for M. Bayard. So the wretch has 
drowned himself . . .” 

The Late-comer. Bom 1801, young Bayard 
watched his father making use of the sun for 
bleaching patterns on to ripening fruit through 
stencils. The boy repeated the game on paper 
which he dyed with safflower. He may have 
embarked on more serious experiments after 
1837 but it is also possible that he only talked 
about them. He did begin work on 20th January 
1839, i.e., after Arago’s preliminary report on 
Daguerre and before Talbot’s work became 
public. 

Bayard fed into his camera moist paper 
which had been treated with silver chloride, 
then blackened by light and finally immersed 
in a weak solution of potassium iodide. He 
obtained a positive image bleached by the 
camera exposure, which took approximately 
an hour. He originally used potassium bromide 
for fixing. A couple of weeks after he started 
his experiments Bayard could show imperfect 
results to C6sar Manure Desprets of the 
Institut de France. Two months from his start 
he was handing around good prints. He brought 
them to Biot on 13th May and to Arago 20th 
May. He publicly exhibited thirty of them on 
24th June. 

By then, however, Arago was too much com- 
mitted to Daguerre’s cause, saw only complica- 
tions arising from Bayard’s intervention and 
cautioned him to be discreet. Bayard was a civil 
servant and his private interests were primarily 
artistic; he seems to have been timid and not 
much of a man of business. He laboured under 
the disadvantage of being a Frenchman in a 
France that had already made up its mind to 
celebrate a French invention of photography 
d la Daguen-e. Because of that it was even over- 
looked that the pictorial accomplishments of 
Bayard’s positive paper process temporarily 
surpassed those of Talbot, although it neither 
anticipated that of the Englishman nor in any 
way compromised the latter’s basic merit of 
having developed the first workable method of 
producing negative-positive photographs. 

Other Claimants. Even within its narrow field 
of achievement Bayard's priority was disputed. 
In France, Verignon and Lassaigne claimed to 
have developed similar processes before him. 
Fyfe is reported as having described a similar 
method before the Society of Arts in Edinburgh 
17th April 1839. 

On 13th April 1839, before the Bavarian 
Academy of Sciences in Munich, Franz von 
Kobell, a professor of mineralogy, and the 
optician Carl August von Steinheil presented 
negatives on paper sensitized with silver 
chloride, exposed damp in a camera made of 
cardboard and then fixed in hypo. 

There were others as well, unnoticed by 
historians and unimportant to history. It 


is as well to remember that during the pre- 
vious few years there had been notices in 
the press about Daguerre’s experiments, some 
of them possibly calculated indiscretions. 
Besides his experiments, Daguerre was busy 
promoting his projects. First he was angling 
for private finance, then he started his sub- 
scription scheme for a public company and 
eventually he looked for help to the State. 
Since 1 837 he talked increasingly often and, one 
might guess, quite volubly to scientists, artists, 
businessmen and politicians. He obtained per- 
mission to make pictures of famous monu- 
ments of the French capital. He took long 
exposures with his heavy apparatus perched on 
a vehicle surrounded by curious Parisian 
crowds. Stories spread to England, Germany, 
Russia and the United States. About his 
secrets he kept the people guessing and no 
doubt many of them spent much time in doing 
so. It was only to be expected that some of 
them would guess close enough and they were 
also bound to try out just how good their 
guesses were. 

THE DAGUERREOTYPE ERA 

The inventor who emerged too late will al- 
ways attract sympathy, whilst recognition, 
success and, in particular, profits often blur the 
view of actual achievements and distract 
from real merits. Daguerre’s showmanship 
and enterprise were destined to provoke doubts 
and even suspicion — yet they proved to be the 
motive power that sped photography into the 
world and around the globe. 

Expansion. Within a few weeks from the release 
of the invention in Paris, daguerrean pictures 
were produced in England, Germany, Austria, 
Switzerland, Poland, Spain and the United 
States. A year later the process reached Japan 
and China. Daguerre’s own handbook of 
instruction went into edition after edition in 
France, was published during the same year in 
English, German, Italian, Spanish and Swedish ; 
the next year in Hungarian and Polish. 

The original instructions and Daguerre’s 
own equipment were in wide demand. Daguen-e 
entrusted the sale of his apparatus to Susse 
Frere and Alphonse Giroux et Cie (Giroux, a 
relation, ran a stationer’s business). Daguene’s 
camera weighed 30 kilograms (110 lbs.) and 
was sold for 400 frs. (£16 — or £64 at present 
purchasing value). But before the end ofl839 
the size and weight was reduced to one-third. 
Daguene’s plate measured 0164 x 0-216 
m., but cameras were also made one-third, 
one-quarter, one-sixth and one-eighth the 
original plate size. Plates cost between 1 and 
4 frs. according to the size, auxilliary equip- 
ment 100 frs. 

The image produced in the original camera 
was reversed left to right. It had a cold metallic 
sheen which caused reflections. It abounded 
in fine detail but was lacking in tone contrast. 
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" LA DAGUERREOTYPOMANIE.” Thiodore Maurisset's cartoon published in 183 9, one of many which appeared at the time on 
the subject, reflecting the general excitement about this revolutionary process. 


In strong sunshine 15 minutes exposure was 
needed ; in less favourable light up to 30 minutes. 
Portraiture was torture; the portraits looked it. 
Improvements. But the diffusion of informa- 
tion, stimulus and research that follows in the 
wake of major discoveries soon produced 
improvements. Mutations and duplications of 
closely related ideas are common at such stages 
in the development of any invention ; claims of 
priority correspondingly frequent and on the 
whole irrelevant. 

The sensitivity of the plates was increased by 
using a second halide (bromide or iodo-chloride 
of silver) as an accelerator. Such combined 
sensitizers were initiated by John Frederick 
Goddard and Antoine Frances Jean Claudet of 
London and Franz Kratochwila of Vienna. 

In order to get stronger blacks, Baron Ar- 
mand Pierre de Seguier devised better methods 
of polishing the metal plates; John Adams 
Whipple of Boston, Massachusetts, intro- 
duced machinery for the job. 

Hypolite-Louis Fizeau of Paris turned the 
cold metallic glare of the daguerreotype into a 
deep purplish tone by adding gold to the fixing 
process ; this also made the image more stable. 

Johann Baptiste Isenring of St. Gallen in 
Switzerland found methods of retouching the 
eyes, gilding ornaments and colouring the face. 
So did others in England and France. 

Prisms added to the lens reversed the image 
and thus normalized architectural views and 


other scenery (but again lengthened the expo- 
sure). Curiously enough, no great need for this 
reversal was felt by the sitters for portraits, 
who readily accepted the likeness they knew 
from their mirrors. 

An ingenious camera with a concave mirror 
replacing the lens so shortened the exposure 
that it enabled Alexander Wolcott to open the 
world’s first portrait studio in New York at 
the beginning of March 1840. One year later 
Richard Beard using the same camera opened 
the first photographic studio in Europe at the 
Polytechnic Institution, London, on 23rd 
March 1841. 

The mathematician Josef Petzval of Vienna 
brought about a decisive turn in the fate of 
Daguerre’s process by producing, in 1840, a 
new double lens with separate front and back 
components which, having an aperture of /3-6, 
was thirty times faster than the Chevalier 
lenses originally used in Daguerre’s cameras. 
These lenses, combined with the improved 
sensitizing methods of the plates, reduced the 
time of exposure from a quarter of an hour to 
as little as 15 seconds. By 1841 Natterer in 
Vienna took military parades with an exposure 
of 1 second and Gaudin took Paris street 
scenes at one-tenth of a second — or so he said. 
Petzval’s lenses were described abroad as 
“syst&me Allemande” although neither the 
lens nor the designer came from Germany. 
The sales appeal of that phrase became so over- 
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whelming that lens makers in other countries 
also engraved it on their mounts — sometimes 
irrespective of the performance of the pro- 
duct. Petzval got little financial benefit from 
his revolutionary design, quarrelled with those 
he thought deprived him of his dues and died 
a misanthrope. But he made portraiture a 
popular reality everywhere. 

Portraiture. Cheap, quick and life-like por- 
traiture was the key to the rapidly expanding 
boom of Daguerre’s process. To have his image 
reproduced and perpetuated satisfied a deep 
urge in man. Sculptors, painters and litho- 
graphers could serve only the few who had the 
leisure to sit for them and the means of paying 
for a competent artist’s skill. There were, of 
course, itinerant and back-street artists who 
would charge modest rates and produce quick 
results, but their work was mostly crude and 
the likenesses but sketchy. Technical tricks and 
tools to speed up the process and trace more 
exactly true likenesses had been sought for 
since the Renaissance and became numerous in 
the eighteenth century (silhouettes since 1760, 
the Physionotrace since 1789). The mid- 
nineteenth century did not at first work up a 
snobbish distinction between hand-made and 
not quite hand-made arts and so high and 
low alike rushed to have the capabilities of the 
camera tried out on their own faces. The 
artists themselves saw in it merely a new tool, 
an easier way to do the job and earn more 
money. 

The protests of the intellectuals came later 
but soon enough. The poet Charles Baudelaire 
was among the first to mistake popular appeal 
for a sign of artistic inferiority. (“The whole 
filthy mob rushes in like a single Narcissus to 
gloat over their trivial images”.) The “Daguer- 
reomania” was now definitely on, to the delight 
both of those who profited by it and the others 
who would do so by lampooning it. 

A New Industry. In the very first years of the 
daguerreotype era, among 20 camera artists 
operating in Hamburg, 13 used to be portrait 
painters and 2 lithographers. Of about 30 
working in Berlin 16 used to be painters, 2 
lithographers and 1 an engraver. Berlin, 
then a town of 300,000 inhabitants, cumu- 
latively had 210 daguerreotypists established 
between the years 1839 and 1860. New York, 
then a city of 700,000, had in 1850 71 “daguer- 
reotype galleries” employing 1 27 operators. 

At the height of the daguerreotype business 
the best studio in Boston charged $5 (17s. 6d.; 
£3. 10s. today’s value) for a large daguerreo- 
type, but the standard price for a medium sized 
picture was $1. Towards the end of the boom 
prices slumped to 50, 25 and even 1 21 cents. By 
that time the popular price in London was 1 s. 

Leading studios could make £75 a day. 
Richard Beard, a former coal merchant, is said 
to have amassed from his group of studios 
£40,000 (present value £160,000) during his 
first year of trading. 


Some French daguerreotypists made 3,000 
daguerreotypes peryear. In 1849 theannual pro- 
duction of Paris amounted to 100,000 daguer- 
rean pictures. 

The commercial possibilities of what now 
would probably be termed “French postcards” 
were almost immediately discovered; porno- 
graphy got itself attached to photography right 
from its tender youth. 

But so has science. Astronomical photo- 
graphy, photomicrography, photogrammetry, 
stereoscopic photography and quite a few 
other fields of application were all approached 
in the daguerreotype era — just as Arago fore- 
cast that they should and would be. 

But Louis Jacques Mand6 Daguerre soon 
retired from the camera and to his painter’s 
brush at the village of Bry-sur-Marne where he 
died in 1851, leaving behind a scenic fresco in 
the local church. He himself may not have suc- 
ceeded in doing much for the art of the camera, 
but he certainly established its trade. 

THE TALBOT HERITAGE 

Daguerre’s influence was widespread and 
short lived; Talbot’s impact was isolated but 
penetrating. 

Curiously enough both inventors managed 
also to retard progress. Daguerre’s enthusiasm 
unwittingly misdirected the technique of 
photography for nearly two decades. Talbot’s 
stubbornness no less effectively blocked its 
logical immediate development. 

Drawbacks. The main restrictive effect was, of 
course, created by Talbot’s own decision not 
to permit free and general use of his invention. 
His personal disclosures of it were confined to 
scientific papers and expensive pictorial publi- 
cations {The Pencil of Nature 1844; Sun Pictures 
of Scotland 1845). Popular instruction books 
comparable with Daguerre’s literature did not 
exist; the only English manual was published 
in 1855. Talbot obtained patents and appointed 
agents abroad. His agents in the United States 
do not s»em to have succeeded in selling a 
single licence. His agent in France was in- 
effectual in preventing infringements. In truth, 
wherever Talbot’s process flourished it did so 
by paying little regard to the inventor’s 
rights. 

Then there were technical difficulties. Tal- 
bot had no organization comparable with 
Daguerre’s for supplying equipment. Paper 
that served both for negatives and prints posed 
problems; its texture, and sometimes even its 
watermarks, would imprint themselves on to 
the picture. Not only the depth but also the 
colour would vary between light violet and 
strong sepia. Outlines and detail were not very 
sharp and often disappeared in over-exposed 
highlights and under-exposed shadows. The 
negatives had to be taken in the strongest 
possible sunlight that in its turn would produce 
excessive contrast. Exposures were several 
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minutes long and could only be gauged properly 
by a great deal of experience. 

Yet some of its limitations were to become 
the very source of the sporadic but lasting 
triumphs of T albot’s process. 

The small and precise daguerreotype looked 
just “a mirror with a memory” (Oliver Wendell 
Holmes). Registering every minute detail, fold 
and blemish with uniform, documentary em- 
phasis, daguerreotypes have a quaint charm — 
heightened by the elaborate f rames and boxes 
in which they are encased. The daguerreotypist, 
who so often was a trained painter of minia- 
tures, aimed at a compressed and digested 
record of likeness without frills; he did not 
grope for expression and rarely caught “soul”. 
Daguerreotypes looked more standardized and 
manufactured than most later products of 
photography. 

D. O. Hill. Inevitably the calotypist worked 
more on his own, had to experiment and rely 
on individual ideas. The most outstanding of 
them was a Scotsman, David Octavius Hill. 
Bom 1802, the son of a Perth bookseller, he 
became a painter, took a busy part in Edin- 
burgh’s art life and acted as Secretary of the 
Scottish Academy of Painting, Sculpture and 
Architecture. He painted romantic landscapes 
and drew scenic illustrations for engravings on 
Scottish subjects; his work was competent but 
insignificant. 

In 1843 Hill set out to commemorate 
the “Act of Separation and Deed of De- 
mission” by the Free Church of Scotland. It 
took him twenty-three years to finish this 
canvas of 4 feet 11 ins. by 1 1 feet 4 ins. depict- 
ing 470 personalities. (He asked for a fee of 
£3,000 and was paid £1,500— about £6,000 in 
present value.) The artistic merits of this work 
are negligible: it is just a hand-painted “photo- 
montage”. The task of assembling such a 
number of individual likenesses in a single com- 
position would have defied a much greater 
painter than Hill and in any case he had little 
experience in painting portraits. Besides, the 
problem of securing sketches of so many 
people seemed formidable. But he thought of a 
new way of getting them and it is these 
“sketches” that for ever engraved his name in 
the records of history. 

Hill had been encouraged by the physicist, 
Sir David Brewster, to collect his sketches with 
the camera and to enlist the assistance of Robert 
Adamson, who had recently opened a studio 
in Edinburgh. Between 1 843 and 1 848 Hill and 
Adamson produced hundreds of camera por- 
traits, not only of members of the Free Church 
Assembly but also of other outstanding per- 
sonalities of Edinburgh’s society. They also 
photographed genre scenes in Scottish har- 
bours and took architectural and other scenic 
studies. 

The portraits remain outstanding as a sub- 
limation of the fertile eighteenth century 
English and Scottish painting traditions and 
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their vigorous translation into a new medium. 
Lack of definition and limited latitude are 
virtues, not weaknesses, in the pictures as 
visualized probably by Hill and taken mostly 
by Adamson. Their subjects are presented in 
terms of carefully distributed contrasts of tone. 
What there is of detail seems deliberately 
picked for emphasis. The poses may have had 
to be chosen to sustain an exposure of up to 
three minutes, but each one of them sums 
up a personality, stresses a mode of life and 
hints at much that was valid about the sitter 
beyond the confines of a single exposure. It is 
almost uncanny. This new vehicle photography 
had barely emerged from nowhere and, steered 
by an obvious traditionalist, it was not only 
picking up a trail at once but clearly thrusting 
towards new horizons. A mediocre Scottish 
painter became both its revolutionary pioneer 
and its greatest classic. 

Robert Adamson left Edinburgh in 1847 and 
died a few months later, only 27 years old. Hill 
gave up photography and when he took it up 
again it was with much less success. The por- 
traits which he took with Adamson received an 
“honorable mention” at the Great Exhibition 
of 1851. But there is no reference to Hill in 
the notices about the foundation of the Photo- 
graphic Society of Scotland five years later. 
When he died, 1870, his obituaries did not as 
much as mention his photography and photo- 
graphic journals took no notice of his death. 
His opus was unearthed after twenty years, to 
be universally recognized as the prodigious 
achievement of a great artist who succeeded in 
exploiting all the depth of expression his un- 
wieldy tools would yield. 

Hill’s achievement in all its curious singu- 
larity has a threefold significance. It gives 
Talbot’s process a sort of raison d’etre. It 
demonstrates the prowess of this infant prodigy 
called camera. It established an early prece- 
dence for what is going to happen in the history 
of photography over and over again, where 
outsiders, amateurs and other non-professionals 
so often break into commercial trends and 
redirect them towards new aims. 
Blanquart-Evrard. Next to Hill’s, the most im- 
portant use made of the Calotype process was 
by Louis Desire Blanquart-Evrard. He failed to 
acknowledge his indebtedness to Talbot, but 
quickly recognized the value of the process 
in producing illustrative work. He exposed 
the paper sandwiched between glass. He 
smoothed it by a coating of egg white and 
milk whey (albumen), used the gold chloride 
formula of the daguerreotype to produce 
reliable brown tones, introduced, a better 
developer and speeded up the printing process. 
In 1852 he built a printing works at Lille where 
he employed 30 to 40 assistants and is reported 
to have produced hundreds of thousands of 
prints. His first publication was the folio 
Egypte, Nubie, Palestine et Syrie, containing 
125 prints from paper negatives taken on a 
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Mediterranean trip by Maxime du Camp 
accompanied by Gustave Flaubert. Blanquart- 
EvTard also published impressive prints of 
monumental architecture studies by Henri le 
Secq and Charles Negre. 

He was the first professional photographic 
publisher and the first to grasp that the camera 
could show more to more people than any pair 
of human eyes could ever hope to see without 
its aid. 

Significance. Within a very few years of its 
birth photography was established as a trade, 
tried as a tool of art, used as a new medium of 
communication and thrust from many direc- 
tions into the realm of science. Soon it was to 
father cinematography, that in tum became 
television’s parent. 

Photography and its offspring presented 
new visions of the world to the world and by 
doing so changed it. 

Man who since the Middle Ages had grown 
increasingly introvert was made newly aware of 
his environment. His eyes were re-opened. 
Habits of verbal abstraction are now checked 
by a new wealth of visual impacts. Thinking is 
interrupted by seeing. Speculation is faced with 


documentation. The image has become partner 
and rival to the word. 

The visual message, being direct and under- 
stood by everybody, enormously widened the 
scope of spreading knowledge and pleasure. 
Pictures may not always show facts, but 
thoughts do not always arrive at truth either. 
The mean of visual attraction may be on a 
lower level than that of intellectual appeal, but 
it does lay out an incomparably broader social 
foundation on which future generations should 
be able to build a great deal higher. 

And that fact by itself makes photography 
the most significant invention since the dis- 
covery of printing. A.K.-K. 

See also: Camera history: Camera obscura: Chronology 
of photographic inventions; Development history ; Histor- 
iography of photography; Lens history; Museums and 
Collections; Sensitized materials history. 

Books: History of Photography, by J. M. A. Eder (New 
York; The History of Photography, by H. and A. Gern- 
sheim (Oxford); One Hundred Years of Photography , 
by Lucia Moholy (London); The History of Photography, 
by Beaumont Newhall (New York); The History of the 
Discovery of Photography, by Georges Potonnide (New 
York); The March of Photography, by Erich Stenger 
(London); Photography and the American Scene, by 
Robert Taft(New York). 


DISDERI ANDRE ADOLPHE EUGENE, 
1819-90. French professional photographer 
and inventor. In 1852 produced a twin lens 
camera of which the upper lens was used as a 
finder only. In 1867 printed photographs on 
silk for sachet bags. Proposed use of photo- 
graphy for military purposes and drew up 
syllabus of instruction. Introduced the photo- 
graphic Carte-de- Visite which gave a tremendous 
stimulus to photography. Photographed many 
celebrities and published his photographs of 
celebrities first in 1860; died penniless, blind 
and deaf. 

DISH DEVELOPMENT. Method of develop- 
ing exposed sensitized materials by immersion 
in a shallow dish of the developing solution. 
This method enables the progress of develop- 
ment to be observed under a suitable safelight 
and controlled by adjustment of development 
time or sometimes the constitution of the 
developer. 

DISHES. Processing dishes are commonly 
used for processing single plates or sheet films. 
Prints are almost invariably processed in dishes. 

The use of an open dish for negative develop- 
ment offers certain advantages over a tank. 
Development can be inspected under a suitable 
safelight. A relatively small quantity of solution 
is used and, after use, thrown away. Fresh 
solutions, uncontaminated by oxidation pro- 
ducts, can thus be used for each negative. The 
solution can be kept moving to give even 


development. Rocking the dish is generally 
sufficient but, when quantitative measurements 
are to be made on the negative, as in photo- 
graphic photometry or spectography, a brush 
can be used on the surface of the emulsion. For 
the rapid processing of negative materials where 
development is carried out at abnormally high 
temperatures, dishes are preferable since they 
can be readily heated, hold only relatively small 
volumes of solution and allow vigorous 
agitation during processing. 

Dishes may be made of a variety of materials, 
the more common being xylonite, porcelain, 
plastic, enamelled steel and stainless steel. 
Xylonite. This is one of the earlier types of 
moulded material used for making dishes. It 
has the great merit of being cheap and is 
reasonably resistant to processing chemicals. 
It does tend to stain, however, and the surface 
is not glass smooth and is somewhat difficult to 
clean. It is advisable to keep one particular 
dish for developer and another for fixer. The 
xylonite is usually of a fairly thin gauge and in 
the larger dishes it tends to buckle. 

Porcelain. Porcelain was at one time the most 
popular material available for dishes princi- 
pally because it is non-absorbent (at least 
when new) and has a glazed surface that is easy 
to clean and does not stain. On the other hand 
it is heavy and fragile apd relatively expensive. 
After some time in use the glaze becomes 
covered with a fine network of cracks. When it 
reaches this stage it may absorb chemicals and 
cause staining. 
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Enamelled Steel. This is one of the most satis- 
factory of the cheaper materials available. It 
is as impervious to chemicals and as easy to 
cleaD as porcelain, but it is lighter and its 
surface does not tend to “crack” after a period 
of use. The one disadvantage of enamelled 
steel dishes is that the enamel chips off if the 
dish is knocked or dropped. Once the enamel 
is chipped off the inside of the dish, it exposes 
the metal to the action of the chemicals and the 
dish must be thrown away. 

Plastics. Several types of plastics are now used 
for photographic dishes; they are generally 
cheap, light to handle, and easy to clean. 
According to the type of plastic used, they 
may be anything from tough and unbreakable 
to extremely fragile. As a rule, the harder the 
surface the more fragile the plastic, but some 
materials make up for their lack of surface 
hardness by being water-repellant and therefore 
stain-free and easy to clean. 

Stainless Steel. This material is almost ideal 
from the functional angle, but it has the great 
drawback of being expensive. It is non-absor- 
bent, easily cleaned, light in weight and 
virtually everlasting. While it is not affected by 
ordinary processing chemicals it may be 
attacked by some of the chemicals used for 
processing colour material. 

Other Materials. In addition to the above, 
celluloid, ebonite, bakelite and glass have been 
used but have now been mostly superseded 
principally by enamelled steel and plastics. For 
very large prints it is customary to use shallow 
wooden trays, either lined with lead, or treated 
with acid-resisting paint or pitch. 

Shapes. All processing dishes are rectangular 
and conform to the format of the ordinary 
negative and printing materials. Most — but 
not all — have a lip at one comer for pouring 
off the used solution. This lip is generally small, 
but on the more recent types of plastic dish 
there is a very generous lip. 

The bottom of dishes are shaped in some 
way to make it easy to insert a finger tip 
under the plate or print. Porcelain dishes 
usually have a depression at one comer and a 
groove along one side, but these are only 
effective with a plate or print that fills the 
dish. The best arrangement consists of two 
raised parallel ribs down the centre of the dish 
which hold the whole of the plate or print off 
the bottom even when it is very much smaller 
than the-dish. 

All dishes up to 8 x 10 ins. should be at 
least 1J ins. (4 cm.) deep (and larger formats 
proportionately deeper) to prevent solutions 
from slopping over the edges. The sides should 
slope out slightly, and all the comers should be 
well rounded to make cleaning easy and to 
leave a gap to allow the edge of the material to 
be picked up. 

Sizes. Most dishes of enamelled steel, plastics 
or stainless steel are available in a range of 
standard print sizes. 


DISH SIZES 


Ins. 


cms. 



•7 x 23 
0 X 10 
10 x 12 
12 x IS 


14 x 17 
16 x 20 
20 x 24 
30 x 40 


8-2 x 10-0 
12 x 165 

16- 5 x 216 

17- 7 x 50*4 
20 3 x 25 4 
25-4 x 30-5 
30-5 x 30 
35 6 x 43-2 
40 x 50 
50 x 60 
76 x 100 


’Especially for strip postcards. 


The size of a dish denotes the largest 
standard material that the dish will accommo- 
date. This allows a slight gap or margin to 
spare, but in practice it is always advisable to 
buy one size larger than the largest material to 
be processed. Also, since there will generally be 
more plates or prints in the fixing dish than in 
the developing dish, the fixing dish should be 
the larger and deeper of the two. This distinc- 
tion has the added advantage of making it 
easy to tell one dish from the other in the 
darkroom. 

If dishes of a sufficiently large size are not 
available and it is necessary to resort to see- 
saw processing, fairly deep dishes should at 
least be selected. G.B.M. 

DISODIUM PHOSPHATE. Alkali used in 
developers. It is used principally in fine grain 
formulae. 

See also: Sodium phosphate, dibasic. 


DISPERSION. Materials which have a re- 
fractive index which varies according to the 
wavelength of the light — i.e., bend the rays of 
some colours more than others — are said to 
disperse light rays. A prism placed in the path 
of a ray of white light bends the blue and violet 
rays more than the orange and red, so that it 
spreads out or disperses the colours as a 
continuous spectrum. 

All transparent materials show dispersion. A 
lens is usually made of glass and is chosen to 



DISPERSION. A ray of white light entering a lens is split up 
into rays of its component colours, because the angle of refrac - 
tion r for a given angle of incidence i varies with the wave- 
length of the light. This is the phenomenon of dispersion. The 
degree of dispersion depends on the type of glass the lens is 
made of, but not necessarily on its refractive index. 


365 



DIS 

have a fairly high index of refraction to give it 
a high optical power for a shallow positive 
curvature. Unfortunately the unavoidable 
property of dispersion comes into the picture 
and the lens, instead of bringing the light rays to 
a point of sharp focus, spreads them out in a 
miniature spectrum. This effect is known as 
chromatic aberration; and designers of better 
quality lenses have to get rid of it by using 
more than one type of glass. With suitably 
chosen glasses it is possible to neutralize the 
chromatic aberration without altering the focal 
length of the lens. 

Glasses used by lens designers have to be 
made to very precise limits of refractive index 
and dispersion because the figure given by the 
manufacturer is the basis of the mathematical 
calculations used in designing the lens. R.B.M. 

Sec also: Aberrations of lenses. 

DISTANCE ESTIMATING. When a camera 
is focused by scale, the distance of the subject 
must be estimated or measured. One of the 
easiest ways of estimating the distance is to 
imagine how many times a 5 foot man could lie 
down flat between the camera and the subject. 
This method can become surprisingly accurate 
with practice. 

The alternative is to measure or pace out the 
distance, taking the length of a comfortable 
stride as one yard. 

It is useful to remember that an average 
person about 6 feet away just fills the shorter 
side of the normal viewfinder. At 12 feet away 
he fills roughly half the finder, and so on. This 
is an approximate method, and the actual 
distances will vary a little with the camera 
used, and from finder to finder. So a few pre- 
liminary tests are advisable. 

Where subject conditions make accurate 
estimation of the distance difficult (e.g., moving 
subjects) it is often better to use some zone 
focusing system, relying on depth of field. 

See also: Rangefinders. 

DISTORTION. The camera lens normally 
forms an image which is a faithful represen- 
tation in scale and perspective of the various 
elements of the scene in front of it. Any alter- 
ation in the shape or proportions of the 
normal image at any stage of the photographic 
process is known as distortion. 

Some types of distortion are beyond the 
control of the camera user. One of the principal 
off-axis aberrations of lenses produces distor- 
tion of the image formed in the camera. When a 
lens suffers from distortion it reproduces 
straight lines away from the centre of the field 
as curves, outwards (barrel distortion) or 
inwards (cushion distortion). 

Other types of distortion can be deliberately 
produced by the photographer either for novel 
effects or to produce a more pleasing repre- 
sentation of the scene. 


The use of a focal plane shutter when photo- 
graphing fast moving subjects also gives rise to 
distortion, as different parts of the film are 
uncovered at different instants while the image 
changes in position. 

Perspective distortion, which apparently 
exaggerates the relative proportions of objects 
close to the camera, is not in fact distortion; it 
is a true perspective image for the abnormally 
close viewpoint. The effect however is often 
used deliberately for the sake of originality. 

See also: Aberrations of lenses; Perspective; Shutters; 
Tricks. 

DISTORTION OF MATERIALS. The 
dimensions of most sensitized materials change 
to some extent on processing. The change is 
generally too small to worry the ordinary 
photographer, but special steps are taken to 
reduce it to a minimum in aerial survey work, 
photogrammetry and true-to-scale document 
photography. 

Plates suffer least of all. In this case it is the 
emulsion layer that tends to shrink. The 
distortion is worst around the edges, and if 
only the central area of the plate is used, it can 
be ignored. 

Films coated on ordinary celluloid base tend 
to alter much more, and they even shrink and 
expand with changes in atmospheric temper- 
ature and humidity. In recent years, however, 
plastic film bases have been developed which 
retain their dimensions almost as well as plates. 
Any slight expansion or contraction takes place 
equally in both dimensions — a property which 
is not possessed by a celluloid support. 

Papers undergo considerable changes in 
dimensions from a number of causes: they tend 
to shrink on drying, but if they are squeegeed 
under heavy pressure on to the glazing sheet 
they may stretch considerably in the direction 
of rolling. One of the advantages of the diazo 
process of document copying is that the paper 
is not wetted during processing so it retains the 
dimensions of the original drawing and 
measurements may be taken off the print. 

See also: Supports for emulsions. 

DIVERGING LENS. Lens which is thinner in 
the centre than at the edge. It has at least one 
concave surface. Rays of light passing through 
a diverging lens are refracted away from the 
optical axis. A diverging lens can only form a 
virtual image of the subject — i.e., one which 
cannot be focused on to a screen; it cannot 
form a real image as does a converging lens. 

DOCUMENTARY PHOTOGRAPHY. At its 
lowest level, documentary photography is 
mere factual reporting, but in the hands of a 
master it can achieve the status of an art form. 
Uses. Documentary photographs of the latter 
type are a popular feature in the illustrated 
magazines and even in the daily and weekly 
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newspapers. Their principal value in this 
sphere is in bringing the reader a picture of 
the lives and customs of people normally out- 
side his experience. Folk activities, peasant 
life, strange customs and crafts, are all a 
fruitful field for the documentary photographer. 

At the same time, the famous documentary 
specialists find their material in less obvious 
and exotic quarters. These men are artists 
rather than globe-trotting reporters. They 
take their pictures from the immediate world 
around them, revealing the significance of 
commonplace activities by an apt selection 
and handling of subject matter. 

Documentary photography of this type has a 
very positive value in propaganda and educa- 
tion. Examples can be seen in the publications 
of political and religious groups, advertising 
literature and house magazines of the large 
industries, and in government books and 
pamphlets. 

Technique. Documentary photography is 
practised with all types of equipment from 
8x10 ins. field cameras down to sub-minia- 
tures. 

The aim is always to produce unself conscious 
pictures, and most workers favour an unobtru- 
sive camera and candid approach. Even so, 
some world-famous specialists use large stand 
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cameras and achieve the unposed effect by 
skilful handling of the subject. 

There is thus no established documentary 
technique; it is simply a matter of applying 
the principles of normal photography directed 
by the vision of the artist — or at least, the eye 
of the reporter. Inevitably the result is 
coloured by the personality of the photographer 
and a practised eye can recognize the style of 
any one of a dozen leading specialists. 

Most documentary photographers, however, 
assume or affect an emphatically plain approach 
avoiding pictorial conventions, and suggesting 
that the subject matter has undisputed priority 
over other things. 

The Cine Documentary. While a documentary 
work may be no more than a single print, it is 
more often a series of prints, since it deals 
with life and movement. For the same reason 
that several prints are generally better than 
one, a cine film is better than a series of stills. 
The documentary film has in fact reached a 
high state of perfection in recent years. Public 
interest in this type of film is high; so much so 
that a number of documentary films have 
unexpectedly scored major successes in terms 
of the actual box office receipts. 

See also: Candid photography; Photo Journalism; Picture 
series; Press photography. 


DOCUMENT PHOTOGRAPHY 


Legally, a document is anything that can 
serve as evidence or proof, and is written, 
printed, or has an inscription that can be read. 
So a document does not need to be a roll of 
parchment, a book, or a letter; it can just as 
easily be a picture or an authenticated photo- 
graph. 

Document photography deals with the 
methods by which a picture or a document can 
be reproduced photographically. There are 
many methods in use, ail of them giving a 
faithful copy of the original though not 
necessarily on the same scale. There are contact 
processes which give facsimile copies and 
optical processes which give scale copies either 
larger, smaller, or of the same size as the 
original. 

Recently, document copying methods have 
been adapted to the mass production of jigs and 
templates. Often copies have to be made from 
faded, obliterated, or otherwise altered 
originals which call for the application of 
special techniques. 

Contact printing is the oldest as well as the 
simplest method of reproducing documents. 
Blue Prints. The most familiar process is that 
commonly used for copying architects’ and 
engineers’ drawings and plans to give facsimile 
copies — i.e., copies of the same size as the 
original. An accurate tracing of the drawing is 
first made on a transparent or translucent 


paper or tissue. This is then placed on a sheet of 
sensitized paper with its back to the emulsion, 
and held in close contact with it by pressure. 
The sensitized paper is then exposed to light 
through the tracing and it receives an im- 
pression which may be visible and needs only 
to be fixed, or it may have to be developed. 
This depends upon the type of sensitized 
material used in the particular process. 

In its simplest form, this process, known as 
the blue-print, cyanotype, or ferroprussiate 
process, was discovered by Sir John Herschel 
in 1842. It depends upon the fact that when 
light acts on certain sensitive ferric or iron salts, 
it can reduce them from the ferric to the ferrous 
state. In the well-known blue-print process the 
action of the light turns the treated paper blue, 
while the parts shaded from the action of the 
light by the lines of the drawing remain white. 
When the blue print is deep enough the whole 
print is well washed in water. This dissolves and 
washes away the unused feme salt and fixes the 
image. 

Black Line Processes. The ferro-gallate or black 
line process, which gives blue-black lines on a 
white ground, has replaced the blue print 
process to a large extent. The diazo process is 
a still later development which uses a diazo dye 
instead of iron salts and gives a dark coloured 
line on a white ground. In this case the print is 
developed by exposing it to ammonia vapour or 
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REFLEX COPYING. Light from above passes through a glass 
sheet and then through the sensitive paper laid emulsion side 
down on the document to be copied. Dark areas of the document 
(writing) absorb the light, white ones reflect it back on the 
emulsion, and thus produce a negative reversed image. Re- 
copying by the same process produces a positive. 

brushing it over with a very weak solution of 
liquid ammonia. 

Contact Printing from Tracings. In the modem 
drawing offices special printing machines are 
used for making prints from master tracings. 
These machines incorporate a stand supporting 
a hollow glass cylinder in which a carbon arc 
lamp is mounted. The cylinder is turned slowly 
by an electric motor and at the same time the 
carbon arc travels continuously to and fro 
between the ends of the cylinder. The tracing 
aDd a sheet of blue or black line printing paper 
are wrapped around the cylinder and held in 
close contact by an outer covering of tightly 
stretched fine-wove canvas. The traversing 
speed of the arc can be adjusted to give 
exposures from 20 seconds to about 1 i minutes. 

In large offices a modern printing unit, 
working on a flat bed, takes the print through 
automatically, developing it with ammonia 
vapour and delivering the finished copy ready 
for use. These machines are very economical 
where large numbers of prints are required. 
Reflex Copying. This method makes use of the 
light reflected back from the surface of the 
document instead of the light passing through 
it. The document to be copied is laid face up- 
ward od a flat surface and covered with thin 
bromide paper or a sheet of special reflex docu- 
ment paper, emulsion face down. A sheet of 
plate glass is used to apply pressure to keep the 
two in close contact. Light is then allowed to 
pass through the back of the sensitive paper. 
This light is the same all over the bromide 
paper, but mqfe light is reflected back from the 
white paper of the document than f rom the dark 
print. So the bromide paper in contact with the 
lighter parts of the document gets an extra dose 
of light — just enough to make it turn black on 
development while the printed parts remain 
white. 

Exposures are in the region of 5 to 25 
seconds, the exact time being determined by 
making test exposures. The development, 
fixing, and washing of the print are carried out 
just as for a bromide print, and the final result 
is a negative of the document. Any number of 


positive prints can be made from this negative 
by contact printing in the usual way, through 
the negative on to a sheet of bromide paper. 

There are many forms of reflex printer on 
the market and most of the leading manu- 
facturers supply the necessary special type of 
very contrasty printing paper. 

Scale Copies. There are many cases in which it is 
important to have scale copies either larger 
than, equal in size to, or smaller than the 
original. Facsimile copies by reflex printing of 
very large plans would be unnecessarily bulky 
and expensive, while small documents are made 
much easier to read and handle if they are en- 
larged. Copies of this sort can be made in any 
type of camera from a miniature upwards, but 
half or whole plate sizes are generally used 
because they give usable prints direct from the 
negative without further enlargement. 

The copying camera may be mounted 
vertically or horizontally and must have ample 
extension and a lens with a perfectly flat field 
and high resolution. Ordinary photographic 
films and plates may be used, but paper-based 
emulsions are more usual because they are 
cheaper and easier to store. These document 
papers are supplied in a wide range of thick- 
nesses and emulsion speeds on either opaque or 
translucent paper bases. 

A special stripping paper is also manu- 
factured from which the hardened gelatin 
coating is stripped away after it has been 
exposed and processed. The resulting trans- 
parent negative can then be used for printing 
off any number of positives or it may be read as 
a positive through the back of the gelatin. 
Special Techniques. The application of docu- 
ment photographing principles to stencil and 
jig making has been of the utmost value in 
speeding up production and shortening the 
several procedures that intervene between the 
drawing office and planning and layout lofts 
in aircraft and marine engineering where large 
and costly templates, jigs, patterns, and stencils 
are used. 

By an extension of the methods of document 
photography it has been possible to project 
on to sheet metal, plastic or other appro- 
priate material the images, in exact scale, 
of the forms into which the material has to be 
cut. This method of marking off the work for 
machining does away with templates by print- 
ing or projecting an absolutely accurate 
photographic scale image on to the actual 
material to be used. 

Originals that have become faded, stained, 
or even completely bleached or obliterated 
can often be rescued by photographic repro- 
duction. The particular technique used depends 
upon the condition of the original. 

Where the document or its contents are 
coloured, it is normal practice to increase the 
contrast of the final copy by using a panchro- 
matic plate and a suitable filter. For coloured 
script, a panchromatic plate and a filter of the 
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complementary colour are used to darken the 
tone of the script. For coloured paper, a filter 
of the same colour as the paper is used to make 
the paper reproduce in lighter tones. 

It follows that for old documents where the 
script has faded and is yellow or brown but the 
background is reasonably white, an ordinary 
or panchromatic film with a blue filter will 
restore the contrast by darkening the tone of 
the script. Where the document itself has 
yellowed and gone darker, a high contrast 
panchromatic film with a deep yellow filter 
will give the necessary contrast by lightening 
the tones of the paper. 

When blue prints have to be copied, pan- 
chromatic films or plates are used with a 
tricolour red filter to make the blue of the 
print come out black in the photograph. For 
Photostat paper which is a fairly deep yellow, a 
deep yellow filter is used to make the ground 
come out white. 

Phototelegraphy. Phototelegraphy is another 
direct development of document photography. 
Here, the document is wrapped around a 
cylinder which rotates while a beam of light 
scans it from end to end. A photo-electric cell 
picks up the light reflected from each minute 
area of the document in turn, and changes it 
into electrical energy which can be sent along a 
wire or transmitted by radio. At the receiving 
end, the electrical impulses are used to control 
the strength of a similar beam of light traversing 
a sheet of sensitized paper mounted on a 
cylinder rotating in synchronism with the 
sending apparatus. The result is an image that 
can be developed out to a very fair copy of the 
original picture. Photographs transmitted in 
this way are often used in newspapers. 
Illumination. In commercial copying equip- 
ment the lighting unit or units is an integral 
part of the apparatus. It is always designed 
to provide even illumination over the whole 
area to be photographed, and the light is 
designed to give a correctly exposed negative 
with the standard setting of lens, image dis- 
tance and illumination. Some adjustment is 
possible, but it is generally better to stick to a 
standard setting and standard conditions. 


In much of the commercial apparatus auto- 
matically controlled Photoflood lighting is us*d, 
the full power of the lights being on only 
during the actual period of exposure. As a 
general guide for work in a darkroom, four 
100-watt lamps in reflectors at four comers of 
the table or support and 2 feet away from the 
surface upon which the document will rest 
should be adequate for ordinary copying. With 
fast panchromatic film or equivalent material 
and a lens aperture of / 1 1, the exposure will be 
about £ second. For micro-negative film the 
exposure will be about 2 seconds. 

Special Lighting. Often there is no combination 
of film and filter that will make the written or 
printed matter stand out from its background 
when it is illuminated by the normal type of day 
or artificial lighting. When this happens, special 
forms of lighting like infra-red and ultra-violet 
will often give the right answer. 

Infra-red light has been used successfully in 
photographing ancient manuscripts on leather 
and hide. It has also been successful in photo- 
graphing charred and burned documents, in 
deciphering writing and printing obliterated by 
a censor, and in revealing the presence of 
chemically bleached writing on cheques, stock 
certificates and similar documents. 

To find out if a document can be improved 
by infra-red light photography, it is first looked 
at through a deep red filter such as tricolor red. 
True infra-red filters are used for taking the 
actual photograph; they are useless for visual 
inspection. Infra-red negative stock must of 
course be used in the camera. 

Ultra-violet light causes many inks and 
papers to fluoresce to a greater or less extent. 
This often makes it possible to photograph 
matter that has either completely faded or bun 
intentionally bleached out or obliterated. The 
source of ultra-violet light is usually a quartz 
mercury vapour lamp used in conjunction with 
a filter known as a Wood’s Glass filter which 
transmits only ultra-violet light and holds back 
all visible light. 

The document is set up in front of the camera 
and photographed in complete darkness under 
the ultra-violet light. In this case there is no 


SENSITIZED MATERIALS USED IN DOCUMENT PHOTOGRAPHY 


Typt 

Form 

Colour 

Sensitivity 

Speed 

Contrast 

Use 

Films and Plates 
Contact 
Process 
Process Ortho 
Process Pan 
Microfilm 
Fast Microfilm 
Positive F.G. 

Sheet film 
Sheet or plate 
Sheet or plate 
Sheet or plate 
35 mm. film 
35 mm. film 
35 mm. film 

Blue only 
Blue only 
Ortho 
Pan 

Ortho or pan 
Pan 

Blue only 

Very slow 

Slow/med. 

Slow/med. 

Slow/med. 

Slow 

Medium 

Slow 

Extreme 

Med./high 

Med./high 

Med./high 

Extreme 

High 

High 

Contact printing from negatives 
General copying 
Faded originals, etc. 

Copying from colour 
Microfilming and copying 
Automatic microfilming 
Printing microfilm negatives 

Papers 

Contact Document 
and Reflex 
Medium Document 
Rapid Document 
Direct Positive 

Rolls or sheets 

Rolls 

Rolls 

Sheets 

Ortho 

Blue only 

Ortho 

Ortho 

Very slow 

Slow 

Med./fast 

Slow 

Extreme 

Medium 

High 

High 

Contact copying, reflex negatives 
printing document negatives 
Camera copying, enlarging 
Camera copying, enlarging 
Direct positive copying by contact 
or reflex 
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need for special negative material because the 
normal panchromatic plate is sensitive to the 
fluorescent light given off by the paper or script 
under this type of lighting. 

Ultra-violet light has been used to reveal 
alterations on documents — forged dates, sig- 
natures, and the like — and for detecting the 
presence of otherwise invisible finger prints. 
Sensitized Materials. There is quite a range 
of sensitized materials used in document photo- 
graphy. Plates, as a general rule, are not used. 
Films for micro-copy work are supplied in 


35 mm. and 16 mm. size. Paper for Photostat- 
copying is supplied in standard rolls 14 ins. 
wide and 350 feet long. 

The speed of any particular type may 
vary with each individual manufacturer; it is 
advisable to determine the correct exposure by 
actual tests on the sensitized material that is to 
be used. H.W.G. 

See also: Copying ; Fabric printing; Microcopying; Photo- 
telegraphy; Reversal materials. 

Booka: All About Copying, by H. W. Greenwood 
Q-ondon); Document Photography, by H. W. Greenwood 
(London). 


DODGING. Term applied to local printing 
control by shading and spot printing. The 
technique is mostly used in enlarging. 

DOEBEREINER, JOHANN WOLFGANG, 
1780-1849. German professor of chemistry 
and pioneer photo-chemist. He discovered 
many photo-chemical reactions, including the 
sensitivity to light of platinum salts, tincture 
of iodine, ferric and manganic oxalates. 
Discovered the catalysing effect of finely- 
divided platinum, and above all, the light 
sensitivity of ferric oxalate, upon which such 
processes as cyanotype, platinum printing and 
other processes depend. 

DOGS AND PUPPIES. Some dogs take no 
notice of the camera; but others are interested 
in the strange object and must be allowed to 
sniff over the equipment and satisfy their 
curiosity before they are willing to co-operate. 
(It is advisable to leave the lens cap on to 
prevent the lens from being smudged by a wet 
nose or tongue.) 

Handling. Dogs which have been over-petted 
are generally difficult subjects because they take 
little notice of commands to keep still, beg, etc. 

It is always unwise to try to manage the 
animal and take the photograph too. The 
handling should be left to a helper who has been 
told in advance what sort of picture is required. 
The owner is not always the best person for this 
because the dog is apt to concentrate too much 
attention on him. The average dog can 
generally be relied upon for a certain amount 
of co-operation if treated sympathetically. 
The Best Time. Just before his regular meal- 
time a dog is alert and willing to do everything 
he can to help if he knows that he will be 
rewarded with a tit-bit. After his meal, he will 
be less anxious to please, but he will also be less 
fidgety. Each time has its advantages and will 
result in pictures of quite a different character. 

But the important thing is to let the dog 
please himself; no attempt should be made to 
force or threaten him or the resulting picture 
will be a sorry affair. If he cannot be tempted 
with a reward and refuses to respond to a 
normal command, he should be left for a time. 


Setting. There must be complete freedom to 
shift the camera position, so it is better to work 
out-of-doors. If the dog is allowed to find a 
favourite spot in the garden, he is less likely to 
wander off than in strange surroundings. If he 
can be persuaded to stand or sit on a box or 
table, so much the better. This brings him up 
nearer to camera-level and prevents him from 
wandering too far afield. Animals always 
photograph best from a viewpoint more or less 
on their own level ; high viewpoints make them 
appear stunted and out of proportion. 

Attempts to introduce humour into animal 
pictures by dressing the subject up in hats or 
clothing merely inspire the contempt of anyone 
who cares either for animals or photography. 
Background. The background should be kept as 
plain as possible, preferably contrasting in tone 
with the dog's colouring. It is a mistake to pose 
a black or brown dog against a background in 
shadow, or a light-coated dog against a white 
or sunlit wall. Bare brick walls and trellis-work 
fences should be avoided along with all back- 
grounds with an assertive pattern or texture. 
The mottled shadow pattern of foliage and 
trees, and the spotty effect of light-coloured 
flowers are examples of backgrounds that have 
ruined more than one good photograph. 

A plain neutral-coloured piece of cloth or 
blanket without folds or creases makes an 
admirable background — dark f or light subjects, 
and grey or cream for dark. The background 
should be supported about three to four feet 
away from the animal, so that it can be thrown 
out of focus and kept free from the dog’s own 
shadow. If the camera has a fixed focus lens, 
even greater care must be taken to see that the 
background is free from folds or creases. 

The blue sky makes an excellent background; 
to make use of it, the dog must be made to 
stand on a low wall or the roof of a shed. Under 
these circumstances a colour filter must be used 
to correct over-sensitivity of the material to 
blue, so as to give tone to the sky area. It is 
better to choose a cloudless blue part of the sky 
than to include distracting cloud shapes. When 
using the sky as a background, it is wise to 
watch out for neighbouring chimney-pots and 
wireless masts. The filter, of course, calls for an 
increase in exposure. 
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Lighting. Side lighting — i.e., with the light 
falling across the subject at about 45° from 
above and slightly in front — is best, as it 
gives good modelling and shows up the texture 
of the dog’s coat. Flat or frontal lighting 
destroys texture and modelling because all the 
shadows are cast behind the subject, where they 
cannot be seen. 

Back lighting — i.e., when the sun shines from 
behind the subject — creates a halo of brightly- 
lighted fur or hair around the subject. At the 
same time, it leaves the background in shadow 
so that the subject stands out sharply from it. 
Since it also leaves the front of the dog in 
shadow, the exposure must be increased some 
three to four times to record detail in the 
deep shadows. Back-lighting calls for a deep 
lens hood or some equally effective shield to 
prevent the sun from shining directly on the 
lens. 

Reflectors. Direct sunlight is a very contrasty 
form of lighting unless it is accompanied by 
plenty of indirect light from other sources — 
white clouds, light-coloured walls and similar 
reflectors. If there is no such reflection, it must 
be provided or the range of contrast between 
the highlights and shadows of the subject will 
be too gxeat for the sensitive material to record. 

A white cloth or a sheet of white paper can be 
made to reflect the sunlight into the shadows so 
long as it is not brought close enough to 
distract the subject. The reflection from a 
mirror or bright metal sheet is too harsh and 
directional. Properly handled, the reflector can 
be made to bring out detail wherever nacessary. 
It can also be used to throw a catch-light into 
the eyes, or accentuate characteristic features. 
Taking the Picture. The spot should be chosen 
and all the necessary preparations made before 
putting the dog in position, because animals 
become bored, and show it if they are kept 
waiting in one place for long. The lens aperture 
and shooting distance should be worked out to 
give the necessary depth of field with a shutter 
speed of 1/50 second or faster. 

The dog should be photographed from a 
viewpoint at about the same level and from an 
angle at which he appears in three-quarter view 
— i.e., neither square on nor in sideways view, 
but somewhere between the two. The head 
should be in such a position that nose, eyes, and 
ears can all be kept in sharp focus. 

It is most important to catch the dog when it 
is wearing a characteristic expression. Large 
breeds, like Alsatians, Great Danes, etc., 
should be taken when they are looking 
dignified and alert, whilst terriers are more 
suitably shown in a playful mood. 

It is easier to deal with a sitting animal than 
one which is standing, and there is less risk of 
movement. But photographs taken to depict 
show points need standing positions which 
clearly show the typical features to advantage. 
This sort of photograph calls for the co- 
operation of an expert in the breed. 


A suitable word from the owner just before 
the shutter clicks will make the subject prick his 
ears, open his eyes and generally look alert and 
keen. But such encouragement must be used 
sparingly or the word will either lose its magic, 
or excite the dog and make him uncontrollable. 

Another person’s help can often be very 
useful in attracting the dog’s attention. They 
can hold a favourite toy or a fresh bone and 
often obtain a useful reaction, or if some com- 
pletely strange plaything is presented at the 
critical moment, the result is often highly amus- 
ing and worth photographing. But the dog 
must not see the object until just before the 
shutter clicks or the element of surprise will be 
lost. And such tricks seldom work twice at one 
sitting. 

Close-ups. Head-and-shoulder portraits of dogs 
require even greater care. There is always a risk 
of distortion in a close-up picture. Good 
quality lenses of normal focal length will allow 
considerable enlargement of a portion of a 
negative, and in practice it is better to work at 
6 feet and enlarge the negative than risk dis- 
tortion by coming close to the subject. 

The most satisfactory way out is to use a 
long-focus lens as it gives a large-sized image 
at a reasonable distance. With the decreased 
depth of field of such lenses, accurate focusing 
is essential. Head studies of long-nosed dogs, 
like Borzois and collies, are difficult because the 
depth of field must be considerable to cover 
the entire head from nose to ears. 

Here again three-quarter and profile studies 
are preferable to full-face portraits. 

Action Photographs. Action photographs of 
dogs out-of-doors call for shutter speeds of 
anything from 1/200 to 1/500 second. 

A running dog is best photographed by 
swinging the camera in the same direction as 
the movement, and making the exposure with 
the camera actually moving. If the dog is 
jumping over an obstacle, the shutter should be 
released at the top of the jump when he is 
moving neither up nor down. 

An alternative way of photographing dogs in 
action is to use a synchronized speed flash or 
flashgun. With these aids, movement of almost 
any speed can be frozen. 

Indoors. With a lens aperture of / 6‘3, a fast 
panchromatic film, and a sunny room, good 
indoor photographs can be taken of any 
normally well-behaved dog. It is better to 
choose a room with plain distempered or 
papered walls and a floor-covering that is 
without a pattern. As much of the furniture as 
possible should be moved away to leave a 
reasonably clear area for working in. 

Reflectors and/or artificial lighting should be 
brought in to relieve shadows and the subject 
should be posed as near the windows as 
possible, but away from shadows cast by the 
window-frame. 

The camera should be mounted on a tripod 
or support and worked at the fastest shutter 
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speed that conditions permit. If Photoflood 
lamps are used, they should be kept well away 
from the animal or it may be distressed by the 
intense light. Flash, on the other hand, does 
not often worry animals, and electronic flash, 
in particular, seems to go completely un- 
noticed. 

Puppies. Most puppies are intensely active, 
and unless the subject is very young, or full and 
sleepy, the task of photographing it should be 
treated as action photography. 

An old slipper or hat, held out by the 
assistant, can generally be relied upon to start 
something worth photographing, and a sudden 
strange noise will often make the puppy stop 
short in an interesting attitude. A sleepy pup 
cradled in a box or basket is easy to photograph 
and generally worth taking. It is particularly 
necessary when photographing tiny puppies to 
keep the camera down to their level. 

Groups. Two or more animals together are very 
much more difficult to photograph than one. 
As soon as one looks right, the other is sure to 
move. If the dogs are free to roam about, it is 
wise to use as small a lens aperture as practic- 
able to get the maximum depth of field. But the 
table-top technique is probably best, with 
willing hands to hold the dogs. The helpers 
should let the dogs go an instant before the 
shutter clicks, while at the same time another 
assistant makes a sudden noise or shouts to 
attract the heads around into the same 
direction. Such groups should never be 
attempted single-handed, nor even with only 
one helper. P.J. 

See also: Cats and kittens; Pets. 

Book: AH About Dogs and Puppies , by P. Johnson 
(London). 

DOLLOND, JOHN, 1706-61. English optician. 
Constructed achromatic eye-glasses and com- 
binations of lenses for the telescope (1757). 
Biography by Kelly (3rd edition 1908). 

DOLLY. Camera support mounted on wheels 
so that the camera — particularly a cine camera 
— can be more easily moved about in the studio 
or on level ground. Similar supports are also 
available for studio lamps. In filming, the 
term also means the action of moving the 
camera — i.e., tracking with the subject. 

DONISTHORPE, WORDSWORTH. Dates 
unknown. English barrister. With W. C. Croft 
patented (1889) a cinematograph apparatus. 
Worked on the dispersion process of colour 
photography (1875). 

DONNE, ALFRED, 1801-78. French pro- 
fessor of medicine. Worked on the theory of the 
daguerreotype process and took first portrait 
(1839). Produced daguerreotype photomicro- 
graphs in 1839. Printed from etch daguerreo- 
types 1839. In 1844 devised (with Foucault) a 
projection microscope. 


DOPING PRINTS. Prints, especially on matt- 
surfaced or velvet papers, never look as 
brilliant or have such deep shadows when they 
are dry as when they are wet. This is the result 
of light scatter on the surface of the print. 

The contrast range— and hence, the brilliance 
— of the print can be greatly improved by 
treating the surface of the paper with “dope”, or 
oil reinforcement. Dope can be bought ready 
prepared from photographic dealers, or it can 
be made up as follows: 

Turpentine Jounces 50 c.cm. 

Mastic varnish I ounce 25 c.cm. 

Linseed oil I ounce 25 c.cm. 

The medium is rubbed well into the surface of 
the print with a piece of soft fluffless rag or the 
ball of the finger. The surface is then polished 
with a soft cloth until no streaks or marks are 
visible and the print is put aside to dry in a dust- 
free room. The disadvantage of this method is 
that drying is slow, and may take a couple of 
days or more. As a quicker alternative, a good 
brand of white shoe cream may be applied 
evenly and sparingly to the print with a soft 
cloth. The print is then polished with another 
cloth. 

Once a print has been doped or polished, it 
is impossible to carry out any retouching; all 
blemishes should be removed before treating 
the surface. R.M.F. 

See also: Encaustic paste; Magilp ; Waxing prints. 

DOPPLER EFFECT. When a source of 
radiant energy moves towards or away from an 
observer, the observed frequency of the 
radiations is modified in proportion to the 
relative velocity of the source— e.g., as a 
locomotive with the whistle blowing passes 
through a station, the pitch of the whistle drops 
suddenly. When the engine is approaching the 
station, it adds its own speed to that of the 
sound waves travelling towards the observer. 
Immediately it passes the station the speed of 
the waves is reduced by the speed of the engine. 

In astronomy this effect gives scientists 
information about the speed and direction of 
movement of stars. The frequency of the light 
waves from the star is modified according to its 
speed and whether it is coming towards or 
going a way from the earth. 

The effect is of interest in the recording of 
star spectra. 

DOUBLE-COATED FILMS. Negative films — 
usually for the popular market— coated with 
two emulsions, one (the upper) fast, and the 
other slow. The effect is to increase the tone 
range and exposure latitude of the film. 

Double-coating is also used for some process 
materials to provide special scope for contrast 
control. 

Not to be confused with bipack films, at 
one time used in colour photography. 

See also: Negative materials. 
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DOUBLE EXPOSURE. Intentional double or 
multiple exposures are often used for particular 
artistic effects, for trick photographs, and for 
making composite pictures for advertising 
purposes. 

When the images are to be simply super- 
imposed — e.g., for making a ghost photograph 
— one exposure is made after the other without 
changing the plate or film. In this case the 
highlights of each image are visible where they 
lie over the shadows of the other. Where two 
highlights coincide there is no second image 
since both are white paper, and where two 
shadows coincide the result is simply a single 
tone of black. 

Where each image is to appear separately on 
the plate without any overlapping or ghost 
effect, the method is to mask off parts of the 
plate in turn while other parts of the plate are 
being exposed. The simplest way of doing this 
is to cover half of the lens at a time. This can 
be done with a lens cap, one half of which is cut 
away. The cap is adjusted so that one half of the 
picture seen in the focusing screen is masked 
off. The first exposure is made and then the 
cap is rotated through 180° so that it masks off 
the part of the plate already exposed. The 
second exposure is then made. In this way the 
whole of the plate is covered tn two separate 
exposures. This is the standard method for 
making pictures in which the same person 
appears twice. It is essential for the half-mask 
to fit close up to the lens or the join between the 
two halves of the picture becomes obvious. 

Double exposure may occur unintentionally. 
Generally, this may be the photographer’s fault 
through forgetting to wind the next exposure 
on. Otherwise it can be a fault in the film trans- 
port mechanism, or — very rarely — shutter 
bounce (when the shutter momentarily bounces 
open after closing from the first exposure). 

See olio: Double exposure lock; Faults; Tricks. 

DOUBLE EXPOSURE LOCK. Mechanism 
fitted on many modern roll film and 35 mm. 
cameras to prevent accidental double exposure. 
This is done by coupling the shutter wind or 
release to the film transport mechanism. 

See aUo: Film transport. 

DOUBLE EXTENSION. Amount by which 
the front of a field, technical or similar camera 
can be extended — e.g., to twice the focal length 
of the normal lens. It is used for taking close- 
ups and is sometimes also necessary when long 
focus lenses are used on a camera. 

See also: Extension of camera. 

DOUBLET. Name still sometimes given to a 
compound lens of the rapid rectilinear type but 
more commonly applied to the cemented 
combination of a positive crown lens with a 
negative flint lens. 


DRAM OR DRACHM. Unit of weight 
equal to 60 grains (i ounce) in apothecaries’ 
measure, and 27H grains {-& ounce) in avoir- 
dupois measure. Also denotes 60 minims 
(i ounce) in fluid measure. 

See also: Weights and measures. 

DRAPER, JOHN WILLIAM, 1811-82. 
American professor of chemistry. Great in- 
vestigator in the field of scientific photography. 
He was a pioneer daguerreotypist associated 
with Samuel F. B. Morse and also an inde- 
pendent discoverer of the law of photo- 
chemical absorption, since known as the 
Draper-Grotthuss Law. Probably also the first 
observer of the retrogression of the latent image 
in daguerreotypes. In 1840 he suggested the use 
of very small plates, in very small cameras, and 
the enlargement of the miniature negatives in 
a stationary enlarger. Produced the first 
daguerreotype photograph of the moon (1840). 
Collected works: Scientific Memoirs {ISIS). 

DRAWINGS FROM PRINTS. It is possible 
to make a hand drawing with waterproof ink 
over the top of a photographic image and then 
to bleach away the image, leaving only the 
drawing on the paper. 

See also : Bleach-out process; Sketch photographs. 

DRIFFIELD, VERO CHARLES, 1848-1915. 
English chemist and amateur photographer. 
Undertook in 1890, with Hurter, the famous 
scientific study of the characteristics of photo- 
graphic emulsions (H. and D. curve), and 
created photographic photometry. Both re- 
ceived the Progress Medal of the Royal Photo- 
graphic Society in 1 898 “for their work on the 
determination of the speed of plates”. A 
Memorial volume of their collected papers was 
published by the R.P.S. in 1920. 

DROP BASEBOARD. Term for the base- 
board of a stand camera which is hinged to 
allow it to be swung down when a wide angle 
lens is in use so that it does not intrude on the 
abnormal field of the lens. 

DROPPING BOTTLE. Glass bottle specially 
designed for pouring liquids drop by drop. The 
bottle has a ground-in glass stopper grooved 
half-way down on opposite sides. Corre- 
sponding grooves in the neck of the bottle 
enable the stopper to be turned to allow the 
liquid, when poured, to flow out in drops. 
Turning the stopper so that the grooves do not 
coincide closes the bottle. 

Dropping bottles are useful for adding small 
quantities of solutions — e.g., wetting agent, 
developer improver, potassium bromide solu- 
tion — to processing baths. They do not provide 
an accurate kind of measure. 
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DROPS. Drops are frequently used as a unit 
for measuring small quantities of liquid. But 
the size of a drop is by no means constant — it 
depends upon the nature of the liquid and the 
shape of the bottle lip or the dropper. For this 


reason the custom of regarding drops and 
minim s as the same thing (or taking 20 drops as 
1 c.cm.) is unreliable although it is near enough 
for most of the comparatively dilute aqueous 
solutions used in photographic processing. 


DRYING 


When negatives and prints have been pro- 
cessed they may be dried by various methods. 
The system used may largely be decided by the 
equipment available, although efficient drying 
is easily achieved without any special equip- 
ment, provided sensible care is taken. 

i’LATES AND FILMS 

Once plate or film negative materials have 
been washed they should be dried as quickly 
as possible because all the time they stay wet 
they run the risk of being damaged. 

Drying must be even to avoid drying marks 
in the form of areas of irregular density, 
particularly where drops of water have been 
allowed to form on the emulsion surface. 

T o avoid drying marks, the negatives should 
be shaken and wiped free of water after 
washing. There are various types of chamois or 
viscose sponges available for wiping the surface 
of the emulsion, but unless they are kept 
absolutely clean and free of embedded dust, 
grit, etc., they may leave serious scratches 
down the whole length of a film or right across 
a plate. 

It is perhaps safer to add a few drops of 
wetting agent to the last change of the washing 
water, and when the films are hung up to dry, 
the water will then drain off evenly without 
assistance. 

Where the washing water is hard, a few drops 
of hydrochloric or acetic acid may also be 
added to the last lot of water. This will prevent 
scum deposits on drying. 

Plates are best dried standing up in a wooden 
plate rack. There must be plenty of room for 
the air to get between neighbouring plates; if 



DRYING NEGATIVES. Left: Plates are dried standing up on 
edge in a plate rack. Centre: Sheet films can be clipped on a 
line. Right: Roll and 3S mm. films should hang from a clip. 
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the plate rack grooves are set too close, only 
alternate grooves should be used. 

Sheet films are best pinned up by one comer 
or hung from small film clips. 

For roll and 35 mm. film, a normal film clip 
is fastened to one end, and the film hung up by 
it and weighted down by a second clip on the 
other end. 

Drying Room. The room where the film is hung 
should be free from draughts or air currents 
that would stir up dust. For the same reason 
no one should be allowed to enter the room 
until the film is dry. While it is still wet, the 
gelatin surface has an uncanny affinity for stray 
dust particles, and once such particles become 
attached to the emulsion they are very difficult 
to remove. In summer it is wise to see that the 
drying room is also free from small flying 
insects. 

Forced Drying. Negatives dry faster in a stream 
of warm air. Special film driers are available 
which blow heated air over the film surface and 
commercial drying cabinets generally in- 
corporate a small heater unit and a fan for the 
same purpose. The air is usually filtered to 
remove any dust. These cabinets offer the safest 
method of forced drying. 

It is never wise to attempt to dry a negative 
in front of an electric radiator because this sort 
of heat dries the surface of the gelatin more 
rapidly than the deeper layers, causing the film 
to curl violently. This effect is overcome in 
commercial drying equipment by using specially 
filtered infra-red radiation of wavelength 
longer than 50,000 A. Heat rays of this wave- 
length are absorbed by the moisture in the 
film, but not by the gelatin layer. 

High Speed Drying. Really rapid drying calls 
for more extreme measures. 

The popular method among press photo- 
graphers is to immerse the film for 3-4 minutes 
in 80 per cent (not stronger) pure alcohol or 
colourless industrial methylated spirit. This 
largely displaces the water in the emulsion, and 
the negative will then dry in 3-4 minutes in a 
current of air. 

Another way is to harden the negative in a 
solution of 1 part formalin in 30-40 parts 
water. It can then be washed in one or two 
changes of nearly boiling water and dried in a 
few minutes in front of a fire in a current of air. 

For temporary drying the wet negative may 
be soaked in a saturated solution of potassium 
carbonate for 1 minute, and wiped clean with a 
piece of chamois leather or viscose sponge. It 
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PRINT DRYING RACK. This consists of a series of frames with 
muslin stretched over them. The frames may be supported 
above each other in a covered rack to save space. 

can then be printed immediately. Such a 
negative must be rewashed and dried normally 
later on. When rewashing, it should first be 
immersed for 3-4 minutes in the minimum 
amount of water needed to cover it. Putting 
the negative in a large volume of water straight 
away may cause reticulation of the emulsion. 

PRINTS 

After they are washed prints may be allowed 
to dry either naturally, or they can be dried 
quickly with the help of heat. Glossy prints 
may also be glazed during drying. 

Normal Drying. After washing, the prints are 
well drained or blotted with photographic 
blotting paper to remove all surplus water. 
Photographic blotting paper is a specially 
manufactured type of blotting paper which is 
free from surface fluff and contains no 
chemicals likely to stain the print. 

After blotting, the prints are laid singly, face 
down, on a clean, smooth towel or tablecloth, 
and left until they are dry. Woolly materials 
are unsuitable, as they leave the print surface 
covered with fluff which has to be rubbed off 
afterwards. Coloured materials are also un- 
suitable, because they are liable to stain the 
print surface if the colours are not fast. 

For large-scale drying, the prints may be laid 
on muslin stretched on wooden frames in a 
warm, dry atmosphere away from dust. 

Alternatively, large pictures can be clipped 
together in pairs, back to back by one corner, 
and hung up to dry on a line. They may curl to 
some extent, but are easily flattened out after- 
wards (see below). 

Heat Drying. Prints may be dried quickly by 
holding them in front of a fire or radiator. They 
must be kept moving, and turned over when- 
ever they start to curl. They should not be 
allowed to become bone-dry, as the gelatin 
surface may then crack during flattening. 

A glazing press can also be used to dry non- 
glossy prints quickly. Drying takes longer than 
for glazed prints, but it is still quicker than 
natural drying. 

The glazing plate is taken out of the glazer, 
which is then heated up as for normal glazing. 


As soon as it is hot, it is switched off. The wet 
prints are laid on the glazing plate, face up, and 
all surplus water is blotted off. The plate is then 
replaced in the warm press, and the apron is 
fastened down over it. The prints thus dry fairly 
slowly in the press as it is cooling down. This 
method has the advantage that the drying speed 
is slowest at the time when rapid drying would 
be undesirable because it would cause the prints 
to curl violently. 

The prints should be taken out of the press 
before they become bone-dry and brittle. 
Flattening. Most prints, particularly large ones, 
tend to curl inwards during drying and must 
be flattened before mounting or filing. Very dry 
prints tend to curl more. 

To flatten a print, it is laid, face down, on a 
soft but firm surface — e.g., a board or table 
covered with a layer of cloth. A ruler or straight 
edge is gently pressed diagonally across the 
back of the print and the print is drawn under 
it by the comer. 

This will reverse the curl at one comer. The 
amount of curl taken out of the paper can be 
controlled by adjusting the weight on the ruler 
and the angle at which the print is drawn away 
from it. The greater the pressure on the ruler 
and the greater the angle between the paper and 
the board, the greater the anti-curling effect. 

The same procedure is repeated f or the other 
three corners. The whole print is then curled 
outwards, and will become flat if placed under- 
neath a book for an hour or two. 

The pressure of the ruler or straight edge 
must be applied with care, or the spot where it 
was pressed down may make a crease in the 
print. 

If the prints are too bone-dry, this way of 
flattening may crack the gelatin surface. 

Most flattening methods, when applied to 
large prints, straighten the print out as a whole, 
but leave the edges wavy. This can be remedied 
in two ways: 

( 1 ) The print is laid face down on a clean sheet 
of paper. The back is slightly damped at the 
edges with a wet cloth or sponge until it just 
starts to go limp. A sheet of fairly absorbent 
paper — e.g., white blotting paper, or even a 



STRAIGHTENING PRINTS. Prints often curl during drying and 
can be straightened by drawing them backwards over the 
edge of a table or underneath a ruler. 
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sheet of newspaper — is held in front of a fire or 
radiator until it is really dry and about to 
scorch. This sheet is then quickly laid over the 
back of the print, covered with a sheet of card- 
board, and put under pressure for a few 
minutes. If necessary the process is repeated 
until the edges of the print are quite dry and flat. 

(2) The back of the print is damped as before, 
and the print covered with a sheet of white 
blotting paper. It is then pressed by running a 
moderately hot household iron evenly over the 


whole print area. The print is finally covered 
with a sheet of cardboard and put under 
pressure until cold. 

Glazed prints, if they curl at all, should be 
flattened by drawing them under a ruler 
(above), but taking care to avoid cracking the 
glazed surface; either of the wet methods would 
destroy the glaze. Usually, however, glazed 
prints flatten out of their own accord once they 
are cold. L.A.M. 

Sec also: Drying marks; Faults. 


DRYING EQUIPMENT. Sensitized materials 
can be dried after processing by simply leaving 
them in a dry, dust-free atmosphere for several 
hours. Films are simply suspended from a film 
clip and weighted at the bottom end; plates are 
stood on edge in a plate rack, and papers are 
spread out, emulsion side up, on muslin 
stretched across an open frame. 

But there are drawbacks to natural drying : it 
is slow, the soft emulsion is left exposed to dust 
and damage for a longer time; and in bulk 
processing plants it calls for a disproportionate 
amount of space. 

Negative Materials. Drying can be speeded up 
by keeping a stream of dry air constantly mov- 
ing over the surface of the emulsion. This is 
done by suspending the film in a special drying 
cabinet. 

Cabinets are usually designed to take a 
number of lengths of film at a time, but small 
types taking a single length are also made for 
amateur use. 

The principle is the same in every case. The 
cabinet is usually made in the form of a sheet 
metal cupboard with rods at the top from which 
the films can be suspended. An electric fan 
draws air into the cabinet through a dust filter 
and over an electric heating element. After 



DRYING CABINET FOR FILMS. The films ore suspended above 
a low-power heating element, with a fan below ta keep up a 
constant movement of warm air. A muslin screen filters the 
incoming air so that it is free from dust. 


passing around the films, the air is exhausted at 
the top of the cabinet. 

The temperature inside the cabinet is 
indicated by a thermometer dial on the front 
and is regulated by an external switch either 
controlling a thermostat connected to the 
heating element, or switching one or more 
sections of the element in or out as required. 

Cabinets of this type can be equipped with 
hanging rods for up to 100 lengths of roll film, 
or with racks for plates and cut film in sheaths. 

In establishments where large quantities of 
processing are handled, it is common to use 
infra-red lamps to enforce rapid drying. These 
effectively dry the emulsion throughout its 
depth in as little as two minutes; special 
precautions are, however, necessary to prevent 
the emulsion from melting. 

Prints. Special types of equipment are not 
generally needed for drying prints. This is 
because prints produced in quantities — i.e., in 
D. & P. work, in the picture postcard business, 
and for the press — are invariably finished in a 
hot glazer which automatically dries the paper 
at the same time. 

Special machines made for the purpose dry 
the prints between two bands of absorbent 
fabric which pass around a heated drum. The 
operation is continuous, the drum speed being 
controlled so that the prints stay long enough 
in the machine to emerge perfectly dry. Such 
machines usually have an output of the order 
of 200 8 x 10 prints or 1,800 2J x 3i prints 
per hour. 

See also: Glazer s and glazing machines. 


DRYING MARKS. Marks left on the surface 
of the emulsion of a plate or film after the 
drying of isolated drops or streaks of water. 
The marks take the form of patches which are 
denser or less dense than the surrounding 
image and are left in the centre of a wet area 
that has taken longer to dry than the rest of the 
negative. 

Marks of this kind show up on the final 
print and there is no cure f or them once they 
are there. The only solution is to avoid them 
by either using a wetting agent in the final 
wash water, or wiping down the surface with 
a viscose sponge or chamois leather before 
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drying the material. Either of these methods 
will prevent drops from forming on the surface. 

It is also important to allow drying to pro- 
ceed evenly; any attempt to speed matters 
after the negative has partly dried is always 
apt to leave uneven densities where the last 
patch dries off. This can be particularly im- 
portant when matched negatives are required, 
as in colour printing with separation negatives. 
For this reason it is usual to allow separation 
negatives to dry naturally, all in the same posi- 
tion (relatively), so that any uneven densities 
due to drying will be in the same position on 
each negative. 

Another type of mark which is often termed 
a drying- mark is simply a limey deposit left 
after drying a negative that has been washed in 
hard water. Either of the above methods of pre- 
venting drops will work equally well here, or 
once the negative is perfectly dry, the marks 
can usually be rubbed away with a dry finger 
tip. Persistent lime deposits can be cleared by 
bathing the negative in a weak solution (1-2 
per cent) of hydrochloric or acetic acid. 

See also: Faults. 

DRY MOUNTING. Popular way of sticking 
prints to a mount with shellac tissue (or similar 
material) with a hot iron or press. 

See also: Mountant; Mounting prints. 

DRY PLATES. In the earlier days of photo- 
graphy, when the wet collodion process was 
still popular, it was customary to refer to 
gelatin coated plates as dry plates. Nowadays 
all plates outside the photomechanical repro- 
duction industry are gelatin coated and the 
term dry plate is no longer used. 

DUBOSCQ, LOUIS JULES, 1817-86. French 
optical manufacturer. Used (1849, with 
Foucault) arc lamps for projection. Manu- 
factured the Brewster stereoscope in 1851 and 
was probably the first Frenchman to make 
stereo photomicrographs (1857). Constructed 
apparatus for synthesizing motion from stereo 
series (1852), and for taking microphotographs. 
Built the Polyconograph camera for travellers 
(1861) which took 15 exposures on each plate. 

DU CAMP, MAXIME, 1822-94. French 
explorer. Used photography (calotypes) during 
his travels in the Near East. Published two 
books in 1851 and 1852 (one of which was 
Egypte, Nubie , Palestine et Syrie) illustrated 
with photographic prints. 

DUCOS DU HAURON, LOUIS, 1837-1920. 
French scientist, pioneer of colour photo- 
graphy. In Les Couleurs en Photographie (1869) 
he formulated the principles of the additive 
and most of the subtractive methods of colour 


reproduction, although owing to wrong 
primitive colours and the lack of panchromatic 
materials not all of these methods could be 
executed at that time. In 1878, with his brother 
Alcide Ducos du Hauron, he published a 
pamphlet, Photographie des Couleurs , in which 
their methods of producing colour photo- 
graphs were described. Proposed in 1891 the 
anaglyph method of stereoscopy. Received in 
1 900 the Progress Medal of the Royal Photo 
graphic Society “for the initiation of three- 
colour heliochromy as a working process” 
Biography by G. Potonniee (Paris 1939). 

DUFAY, LOUIS D. Dates unknown. French 
photographer. Originator of an additive colour 
process first introduced as the Omnicolour 
plate, later as Dufaycolor film. The process 
makes use of an integral ruled-screen tricolour 
filter. The original negative image is reversed 
in development to make a colour positive 
transparency. A negative-positive Dufaycolor 
film was also current at one time for motion 
picture use. 

DULL WEATHER. Sunless, overcast days are 
bad for most sorts of photography — because of 
the character of the light, not so much because 
there is not enough of it. The trouble is that the 
illumination comes from all directions; it is 
completely diffused and so it casts no definite 
shadows. Without well-defined shadows there 
is nothing to give relief and modelling to the 
subject, so that it looks flat and lifeless. 

Where there is no choice, and the photo- 
grapher must make the best of the existing light, 
the contrast of the final print can be improved 
by giving the minimum exposure to the nega- 
tive, and by developing for longer than the 
normal time. The use of flash equipment 
offers a third solution that is very popular with 
press photographers. 

Dull weather has its uses, however, and it is 
not always desirable to adopt spacial techniques 
to increase the contrast of the final print. 
Where the photographer deliberately sets out 
to portray a mood of depression, sorrow, or 
wistfulness, dull weather gives him the most 
suitable lighting conditions. 

Close-up photographs of white or very light 
flowers, like lilies and convolvuli, are best taken 
in low-contrast lighting of this nature, and a 
dull day is often better than a sunny one for 
outdoor portraiture. 

Interiors are generally photographed in dull 
weather to avoid the very strong contrasts 
between sunlit windows and walls, and 
furniture in shadow. P.J. 

See also: Daylight. 

DUPLICATE NEGATIVES. Valuable nega- 
tives that might be difficult or impossible to 
replace are often duplicated for safety. There 
are several ways of making a duplicate, but 
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the most reliable is by double contact printing 
on to ordinary lantern plates. 

The negative to be duplicated is first printed 
in the normal way on to a lantern plate with 
the emulsion sides in contact. The lantern 
plate is processed to give a positive, and then 
when dry printed again on to a second plate, 
emulsion to emulsion. When developed, the 
second plate is the required duplicate negative. 
By suitably modifying the exposure, develop- 
ment, and grade of the plates, the character of 
the final negative may be controlled within 
wide limits. 

Duplicate negatives can also be made by 
photographing an ordinary contact print or 
enlargement from the original negative, but 
the gradation and definition are never as good 
as in a duplicate made by double contact 
printing. 

It is also possible to produce duplicates 
without an intermediate positive — i.e., by 
reversing the positive image produced under 
the negative in the first place. This is done 
either by bleaching out the positive image and 
then exposing and developing out the remaining 
silver bromide, or by substituting a dye image 
for the unexposed silver bromide and then 
removing all the silver. 

Special film is available for making duplicate 
negatives without an intermediate positive. 
The film has a speed about equal to that of 
contact paper and when it is exposed under 
the negative it develops direct into another 
negative. 

Duplicate negatives have a special impor- 
tance in cinematography where the original 
negative is never used for making 35 mm. 
release prints; the original is used for much 
16 mm. work, but is sometimes duplicated in 
preparing special effects such as dissolves and 
fades. Amateur films are mostly made on 
reversal film, and if a copy should be required 
it is made by printing the original positive 
direct on to reversal stock. 

See also : Enlarged negatives ; Optical qftertreatment. 

DUST. Dust is a nuisance at every stage in 
photography. 

On the Lens. In time most camera lenses build 
up a coating of dust — in particular, box and 
folding hand cameras that have no protection 
in the form of a lens cap or hinged front. A 
dusty lens cannot form a sharp image and it 
tends to give veiled and foggy negatives. It can 
be cleaned by first removing the dust with a 
clean soft brush kept for the purpose, and then 
wiping the surface gently with a piece of clean 
chamois leather or lens cleaning tissue. Even 
better is a special anti-static cloth or brush; 
these do not induce static electricity, which 
causes dust to cling to the lens. 

In the Camera. The opening and closing of 
bellows type cameras, in particular, sucks in 
dust that is always likely to settle on the back 


of the lens or on the surface of the emulsion. It 
is best removed by opening the back of the 
camera, loosening the dust with a soft brush, and 
blowing it out with blasts of air from a bicycle 
or car tyre pump — not by breathing moist air 
into it. Better still the dust may be sucked out 
with an ordinary vacuum cleaner. 

It is always easier to prevent dust from 
getting into the camera in the first place than 
to remove it once it is there. The camera should 
always be kept in its case when not in use; 
never opened longer or oftener than necessary 
and never carried loose in the pocket of a jacket 
or overcoat. It should also be given a thorough 
clean from time to time. 

On the Sensitive Material. Specks of dust on 
the surface of a film or plate before exposure 
shield the emulsion and leave clear spots or 
pinholes on the negative. They can best be 
prevented by keeping dust out of the camera 
body (above) and plate holders (below). Plates 
as they come from the factory can be assumed 
to be dust-free; they should not be allowed to 
lie face up in the darkroom when they are being 
loaded and the surface should never be touched 
with the fingers or brushed. If there is any 
reason to think that dust has settled on the 
surface of a plate, it should be shaken ofT by 
tapping the edge of the plate lightly on the 
bench. 

In Plate Holders. If plate holders are carried 
around in a dirty case or cloth, dust creeps in 
at the edges and eventually finds its way on to 
the plate. While everything should be done to 
keep the holders away from dust, it is a good 
plan to draw the dark slides and blow out all 
the crevices at regular intervals. Particular 
attention should be paid to the velvet light trap. 
This is also a dust trap and the dust it harbours 
readily transfers itself to the dark slide and on 
to the plate. 

Films are less likely than plates to acquire 
dust particles before exposure. 

In the Darkroom. Two kinds of dust give 
trouble in the darkroom — ordinary dust and 
fine particles of photographic chemicals. 

Ordinary dust should be reduced by the 
frequent use of a vacuum cleaner, not only on 
the floor, but on the bench and along the tops 
of cupboards. The darkroom floor should 
preferably be of non-dusting material without 
a carpet. The tops of processing solution 
bottles should always be wiped around before 
pouring out the solution to prevent any 
particles that have settled on the mouth of the 
bottle from being washed ofT into the solution. 
For the same reason all graduates and other 
vessels should either be kept upside down or 
covered when not in use; they should be 
allowed to dry naturally after washing and not 
be rubbed with a cloth, and they should always 
be rinsed under the tap before use. In some 
commercial darkrooms and in all plate and 
film coating plants, the floor is kept wet to 
prevent dust from rising. 
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Chemical dust is also created by allowing 
dishes that have contained solution to dry 
without first thoroughly washing them, or by 
neglecting to wash all places on the bench or 
floor where solutions have been spilled. 

Chemical dust causes dark or clear spots or 
stains, according to its nature, on the emulsion 
surface of sensitized materials. It is generally 
the result of careless handling of darkroom 
chemicals, particularly fine substances like 
amidol. Here again prevention is easier than 
cure (since cure calls for tedious retouching). It 
is a sound rule to measure and mix all chemicals 
away from the darkroom. 

In the Enlarger. Dust should not be allowed to 
accumulate on the enlarger lens or it will cause 
light scatter and consequent loss of sparkle and 
quality in every print made. This applies 
particularly to the back of the lens in vertical 
enlargers when the operation of the negative 
carrier and focusing movements causes dust to 
fall on to the lens. 

Dust on the carrier glasses will show as white 
spots in prints and a similar effect will be 
produced if dust should be present on any 
glass surface near the carrier, such as a con- 
denser or heat absorbing glass. Frequent clean- 
ing of the entire optical system of enlargers is 
essential and carrier glasses should be cleaned 
and inspected for every negative enlarged. The 
simplest and most effective method of remov- 
ing dust is, as mentioned above, to wipe the 
surfaces with anti-static cloth or one of the 
special brushes now available.- Ordinary cloth 
is useless because of the static electricity in- 
duced by the rubbing. As a check that carrier 
glasses are clean, they should be focused on to 
a white paper on the easel, when any dust 
present can instantly be seen. 

General Hints on Removing Dust. Most non- 
metallic surfaces — glass, plastic, celluloid, and 
the emulsion surface — tend to become electric- 
ally charged when they are rubbed with a cloth 
or brush. In a charged state they attract dust 
particles and hold on to them stubbornly. This 
is why dust can never be satisfactorily removed 
from such surfaces by rubbing; the more they 
are rubbed, the harder the dust clings. A single 
wipe over with a damp washleather is one very 
effective treatment. Any stubborn specks 
should then be removed separately with a 
comer of the washleather over the point of a 
pencil. Better still are the anti-static materials 
already mentioned above. 

Dust is best cleaned out of crevices by 
blowing it out with a puff of air from a bellows. 
Miniature bellows can be bought which have 
the advantage of a very thin nozzle. Failing 
a small bellows, a cycle or motor tyre pump 
will do. Blowing moist breath into the part 
is worse than useless because it tends to mist 
over glass surfaces and start rusting in metal 
parts out of sight — e.g., in the shutter 
mechanism. F.P. 

See also: Faults; Spots. 


DUSTING-ON PROCESS. Printing process 
using a support coated with a layer of gum 
arabic and a hygroscopic substance like honey, 
glucose or sugar — sensitized with a bichromate. 

A coating of this nature becomes sticky with 
moisture that it absorbs from the atmosphere. 
But if light reaches any part of it, that part 
loses its stickiness. This is the effect that makes 
the process possible. 

The sensitized surface is exposed to the light 
under a positive transparency. It is then left in 
the air but away from the light long enough to 
acquire the right degree of stickiness. The 
surface is then brushed over lightly with a 
powdered pigment of a suitable colour. Where 
the positive image has masked the surface, it 
remains sticky and holds the pigment. The 
operator is thus able to build up a positive 
picture which he can “fix” with the fixatif 
solution used by artists for crayon and pencil 
work. 

This process can be used for printing a 
photographic image on materials like glass or 
ceramics by replacing the pigment with a 
powder that can subsequently be burned in or 
vitrified. 

Se« also: Obsolete printing processes; Printing on special 
supports. 

DYE. Complex chemical used for colouring 
by molecular absorption (as opposed to a 
pigment which colours by coating the substance 
with solid colouring matter). The actual 
colour of a dye is governed by the constitution 
of the dye molecule; the dyeing effect depends 
on the chemical nature of the substance being 
dyed. 

Dye solutions can often be true solutions 
whereas liquid pigments are suspensions of 
solid colouring matter in a liquid vehicle. 

Dyes are used in photography for colour 
sensitizing emulsions, for desensitizing emul- 
sion, for toning transparencies and prints, to 
provide the coloured images in colour trans- 
parencies and prints and for retouching 
negatives and prints. 

(1) As early as 1873, H. W. Vogel discovered 
that the use of a yellow anti-halation dye on 
collodion plates made them sensitive to green 
light. Subsequent experiments showed that a 
dye sensitizes a photographic emulsion to rays 
which are roughly of the same wavelength as 
those absorbed by the dye. The principle was 
progressively applied to gelatin emulsions as 
new dyes were developed and it is now standard 
practice to sensitize plates and films to all 
colours of the spectrum — and it is even possible 
to make them sensitive to invisible radiations — 
e.g., infra-red. 

Emulsions may be dye sensitized either by 
adding the dye to the liquid emulsion during 
manufacture, or by bathing the material in a 
dilute solution. 

(2) Some dyes in solution — e.g., pinacryptol 
green — have the ability to make emulsions 
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comparatively insensitive to actinic light. A 
plate or film immersed for a minute or so in 
such a desensitizing bath can subsequently 
be developed in yellow or even weak white 
light. 

(3) The silver image of a transparency or a 
print can be toned by first converting it into a 
colourless substance — e.g., silver iodide or 
cuprous iodide— {known as mordanting) and 
then immersing in a dye which is selectively 
absorbed on the substance and not by the 
gelatin. The result is that the image alone 
carries the colour. The dye toning process is 
also used in certain methods of making three- 
colour prints from separation negatives. 

(4) The image of most colour transparencies, 
and prints made from colour negatives, con- 
sists of dyes. These are usually formed in situ 
during development by the interaction of 
oxidation products of the developer with 
colour couplers. The latter are either incor- 
porated in the emulsion or added to the 
developer. As a result a dye image is formed in 
each emulsion layer together with the silver 


image, and after removal of the latter only the 
dye images remain. 

(5) Water-soluble dyes of the same colour as 
the silver image — i.e., black, and the various 
cold and warm tones — can be used as an alter- 
native to pigments for spotting out and re- 
touching negatives and prints. The dye is 
absorbed into the gelatin and becomes part 
of the image instead of remaining on the sur- 
face. In the same way, dyes of various colours 
can be used to tint prints and transparencies 
by hand. L.A.M. 

DYE SENSITIZING. H. Vogel, in 1873 dis- 
covered that certain dyes were able to extend 
the colour sensitivity of a silver bromide 
emulsion. Dye sensitizers since developed 
have made it possible for manufacturers to 
sensitize emulsions to all visible rays and a 
wide range of invisible radiations, depending on 
the requirements of the emulsion. 

See also: Negative materials ; Sensitized materials 

history ; Sensitized materials manufacture ; Sensitizer; 
Spectral sensitivity. 


DYE TRANSFER COLOUR PRINTS 


The dye transfer method of making colour 
prints on paper is a subtractive imbibition pro- 
cess in which the dyes from three separately 
prepared images are transferred in register to 
one sheet of paper to form the colour print. 
A considerable amount of control is possible 
and it may be expected to give better results 
than integral image colour printing papers, 
especially with difficult subjects or when work- 
ing from a transparency in which the colour 
rendering is faulty. 

A good set of separation negatives (including 
the usual grey scales) is the first requirement 
for the normal process. They may be made 
from a transparency or taken direct from the 
subject. The procedure is as follows: 

(1) Three relief matrices are made from the 
separation negatives either by contact printing 
or enlargement using specially prepared matrix 
film. 

(2) The matrix film is exposed through the 
base and then developed in a tanning developer. 

(3) The surplus emulsion which has not been 
tanned by the developer is now washed away 
in hot water leaving an image which looks very 
much like an ordinary positive made on sheet 
film except that it is in relief with the thickness 
of the gelatin varying from a trace in the light 
parts to a relatively heavy amount in the 
shadows. 

(4) The three matrices are dyed up in cyan 
(blue green), magenta and yellow dyes respec- 
tively. 

(5) They are then brought in tum into con- 
tact with a sheet of special transfer paper which 
absorbs the dye out of the matrices. The finished 


print is therefore made up of three combined 
dye images. 

The process divides itself conveniently into 
two operations: making the matrices and 
making the print. 

Making the Matrices. Before starting to make 
the matrices three things have to be decided: 
the relative exposure for the three matrices 
which will give the correct colour rendering in 
the print; the actual exposures which will 
give a just perceptible density in the lightest 
parts of the matrices; the contrast to which 
they should be developed. The first of these 
is a problem common to all separate image 
colour-printing processes; it is dealt with by 
adjusting the printing exposures to give 
identical reproduction of the grey scales on 
each of the separation negatives. The second 
calls for the same technique as is used for 
finding the exposure for bromide prints — e.g., 
by test strips, exposure photometer, etc. The 
contrast to which the matrices are developed 
can be controlled by the composition of the 
developer and is largely a matter of experience, 
although the maximum density range of the 
separation negatives gives a fair guide. The 
vital factor in development is to make certain 
that each of the matrices receives exactly the 
same treatment. The easiest way to do this is 
to expose the matrices one after the other and 
to develop them either in separate trays on a 
rocker, or by the interleaving method in one 
dish. The danger is that all three matrices may 
be incorrectly exposed, whereas, if each matrix 
is treated separately, the fault can be found 
without wasting three sheets of film. 
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For amateur use there is much to be (aid in 
favour of separate development at room tem- 
perature (between 60 and 75° F.) with stan- 
dardized agitation. As the speed of the matrix 
film varies with the development temperature 
it is wisest to find the exposure by the test strip 
method. 

After development the matrices are put into 
an acetic acid stop bath and then washed off 
in hot water for about five minutes. The tem- 
perature of the hot water wash can be varied 
between 130 and 180° F. but must be nearly 
the same for the three matrices otherwise the 
expansion will not be the same and will cause 
trouble with registration. 

Making the Print The making of the actual 
colour print can be left until any convenient 
time. It is carried out by dyeing each matrix 
with the correct colour and then printing all 
three images by contact in register on to a 
single support. 

One of the annoyances in the process is that 
the dye baths tend to go out of balance and 
have to be toted at intervals. The test is made 
by superimposing three dye images made from 
the same, or identical matrices. The resulting 
image should be grey. As the dyes are apt to 
give different degress of contrast the test is 
best made with a step wedge matrix. If the dyes 
are found to be out of balance they have to he 
adjusted by adding acetic acid to whichever 
ones are low in contrast. 

After dyeing up and before making the actual 
transfer the matrix is rinsed briefly in acetic 
acid to remove the surplus dye. It is here that 
the four normal controls can be applied. These 
are: the addition of sodium acetate to the 
rinse to reduce contrast in the middle and 
shadow tones; the addition of calgon to 
clear the highlights; reduction of contrast by 
reducing the strength of the acid rinse; in- 
crease in contrast, especially of the highlights, 
by adding extra acid to the rinse and carrying 
over more dye from the dye bath. 

In each of these controls there are three 
variables: the composition of the rinse, e.g., 
the amount of chemical added; the rinsing 
time; the quantity of rinse usad. It is only 
by carefully standardizing the procedure that 
consistent results can be obtained. 

Another possible means of controlling con- 
trast is to add acetic acid or ammonia to 
increase or reduce contrast of the dyes. Unfor- 
tunately the dyes are not equally sensitive to 
these additions and it is difficult to keep them 
in balance. 

The three-dye images must, of course, be 
transferred in register. This may be done either 
by registering the matrices beforehand or at the 
time of transfer. With the first method the 
matrices are taped down in register over an 
illuminator where either two edges are trimmed 
or holes are punched to provide a mechanical 
guide for subsequent transfers. This method is 
ideal when several prints are to be made, but 



STAGES IN DYE-TRANSFER PRINTING. I. Make positive! 
on matrix film by enlarging three-colour separation negatives 
in turn. 2. Develop the three matrices in a tanning developer. 
3. Fix the matrices. 4. Remove untanned gelatin by treatment 
with hat water. 5. After chilling, hang up to dry. 6. Carefully 
regisier the three matrices , Cape together along two edges, 
and trim the Othc two edges. 7. Expand the matrices and dye 
each in its appropriate dye bath. 8. Treat t/ie dyed matrix in 
the acid rinse. 9. Position first matrix on transfer blanket and 
transfer dye image to final support. 10. Locate subsequent 
matrices and transfer in register with first image. 
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the extra time and apparatus needed is un- 
necessary when making only a few duplicate 
prints. 

Individual registration is simple; the only 
apparatus needed is a strong clip and a thin 
sheet of celluloid. After transfer of the first 
colour image the print is covered with a sheet 
of celluloid and the next matrix registered on 
top of it. When the register is satisfactory the 
matrix and transfer paper are clipped together, 
the celluloid removed, and the matrix rolled or 
squeezed into contact. With practice the whole 
process should not take more than one or two 
minutes. The only disadvantage of the method 
is the possibility of scratching the matrix while 
registering it or while removing the covering 
celluloid. 

Duplicate Prints. The process has the great 
advantage that after one good print has been 
made, duplicates can be produced quickly and 
cheaply. The average cost of one print only is 
rather more than for a similar carbro print 
because of the cost of the matrix film; but the 
actual cost of making duplicates is much less. 
One set of matrices can be used for up to 150 
prints and the time taken for making each 
print varies from 10 to 40 minutes depending 
on the working conditions. 

Dye Transfer v. Carbro. The chief disadvantage 
compared with carbro is the inability to make 
adjustments for bad register between the 
three-colour images. With careful work this 
should not cause any difficulty if the separation 
negatives are made from a transparency. If they 
are made direct from the subject the camera 
must be capable of exposing the three nega- 


tives in exactly the same plane and the lens 
must be well corrected for chromatic aberration. 

At first sight the number of bottles and the 
space needed for working the process seem 
rather formidable, but the amateur who is not 
primarily concerned with making a print in the 
shortest time will only need space for five 
dishes of the size of print to be made, and access 
to a sink and hot water. 

The control which can be applied during the 
process is considerable and this often tempts 
the novice to inaccurate work. In fact, a great 
degree of contrast control is possible, but this 
latitude often makes it more difficult to produce 
a good print unless the process is carefully con- 
trolled. The latitude in exposure of the matrices 
is on the other hand small and does not amount 
to much more than 5 per cent under or 15 per 
cent over the ideal exposure. 

The latest development in the process is the 
panchromatic matrix film which makes it 
possible to produce colour prints 'direct from 
negative colour transparencies without the 
need for colour separation negatives. At first 
sight the process seems to have every advantage, 
but it is difficult to judge the quality of the 
transparency or to make a good colour print 
unless the transparencies are taken under 
standardized conditions or with a grey scale 
included in each picture. This fact may more 
than outweigh the saving in time for making 
separation negatives. H. 

Illustrations: Plate Section IV. 

See also: Colour print processes; Registering images. 

Books: Colour Prints , by J. H. Coote (London); Dye 
Transfer Colour Prints, by Viscount Hanworth (London). 


382 




EASEL. Flat board which, in photography, 
forms the surface to which printing papers are 
attached during enlarging. Nowadays, easels 
are mostly horizontal for vertical enlargers. 
Early horizontal enlargers used vertical easels. 

See also: Enlarger. 

EASTLAKE, SIR CHARLES LOCK, 1793- 
1865. English painter. Chief adviser to the 
Prince Consort and the Government on art. 
President of the Royal Academy, 1852; first 
President of the Royal Photographic Society, 
1853-5. 

EASTMAN, GEORGE, 1854-1932. American 
photographic manufacturer of Rochester, New 
York. His first products were plates for which 
he introduced machine coating in 1879. 
Introduced paper roll films in 1884 as negative 
material, in 1888 transparent film, and also in 
1888 the “Kodak”, thefirst of the now famous 
series of roll film cameras. In 1891 the daylight- 
loading film was introduced. The slogan, “You 
press the button, we do the rest,” brought the 
taking of photographs to the millions, and 
popular photography spread over the civilized 
world. As a direct consequence, the Eastman 
Kodak Company provided a dramatic, almost 
fantastic example of growth and development 
in industry, and it has founded and supported 
a unique chain of research laboratories. East- 
man’s commercial manufacture of roll film 
provided the basic material for cinematography 
and made the huge film industry possible. 
Eastman introduced 16 mm. reversal film for 
amateur cinematography (and the necessary 
camera and projector) in 1923 and developed 
various colour photography processes to com- 
mercial application. Received the Progress 
Medal of the Royal Photographic Society in 
1927. Was one of America’s greatest philan- 
thropists. Eastman died by his own hand (“My 
work is done — why wait?”). Biography by 
C. W. Ackerman (Boston andNewYorkl 930). 


EBERHARD, GUSTAV, 1867-19??. German 
astrophysicist. Published numerous investiga- 
tions on spectroscopy and on photographic 
photometry. Described the Eberhard effect 
(1926, 1931). 

EBERHARD EFFECT. One of the various 
border effects that occur in the developed 
image, named after G. Eberhard. In this case 
the effect shows itself as a dense line along the 
edge of a high density image patch or a clear 
line along the edge of a low density image 
patch. It occurs most often with plates that 
are developed lying flat in a solution that is 
not kept agitated. 

What happens is this: the developer in 
contact with a heavily exposed image patch 
becomes exhausted relatively quickly, and 
development over that area slows down. But the 
solution immediately next to the heavily ex- 
posed area, not having so much work to do, is 
still comparatively fresh. This stronger solution 
diffuses through the emulsion all along the 
borders of the heavily exposed area. It replaces 
the exhausted solution around the edges of this 
area and causes a local increase in the rate of 
development. This produces a line around the 
edge of the heavily exposed area with a greater 
density than the average for that particular 
image patch. 

Similarly, in an area that has received a very 
light exposure, the developer remains rela- 
tively fresh and active. But all around the 
edges of such a patch, the solution grows more 
and more exhausted as development pro- 
gresses. This exhausted solution diffuses into 
the image patch around the edges and lowers 
the concentration of the developer. The result 
is that around the borders of the low density 
image patch, a line of even lower density is 
formed. This appears on the print as a dark 
line (known also as a Mackie line) around the 
border of a grey tone adjacent to a highlight. 

Border effects of this type may be produced 
deliberately by developing sensitized material 


383 



EBE 


horizontally without agitation; they can be 
avoided by agitating the solution and, with 
plates, by lifting the plate right out of the solu- 
tion from time to time. 

See also: Kostlruky effect ; Mackie line; Sabattler effect . 

EBONITE. Form of hard-vulcanized rubber, 
usually black, at one time much used in 
photography. It is relatively easy to mould or 
machine into camera parts and darkroom 
equipment, and it is not affected by photo- 
graphic chemicals. Ebonite is, however, being 
more and more displaced by harder and 
tougher plastics. Nowadays its principal use in 
photography is for X-ray film processing tanks 
of up to 5 gallons capacity. 

EBURNEUM PROCESS. Obsolete process 
brought out in 1865 in which a positive image 
made by the carbon or collodion process was 
stripped and transferred to a support of imita- 
tion ivory. It was superseded by the Ivorytype 
which was much easier to produce. 

EDER, JOSEF MARIA, 1855-1944. Austrian 
scientist. Made outstanding contributions to 
photography, photochemistry and photo- 
mechanical work. In 1878 Eder won the great 
gold medal and one hundred ducats, the prize 
of the Wiener Photographische Gesellschaft 
(Photographic Society of Vienna), for his work 
on the action of chromic acid and chromates 
on gelatin and other organic substances. In 
1879 his thesis on The Chemical Action of 
Coloured Light was published. In 1880 Eder 
became Professor of Chemistry at the -Royal 
Technical School in Vienna. Soon after this he 
produced his comprehensive Handbook of 
Photography , which ran into many volumes 
and many editions. In 1889 he was appointed 
director of the Graphische Lehr- und 
Versuchsanstalt (Graphic Arts Institute), the 
greatest school of graphic art in the world. 
Finally, amongst other books, there is his 
great History of Photography, the last edition 
(German) of which appeared in 1932, and 
was translated by Edward Epstean in 1945. 
He received in 1884 the Progress Medal of 
the Royal Photographic Society for his work 
on silver chloride emulsions for gaslight develop- 
ment papers (1881). Biography by F. D. 
Worschak and O. Krumpel (Vienna 1955). 

EDGE EFFECT. Alternative name for the 
Eberhard effect — i.e., degraded borders formed 
on the boundary between image patches of 
differing density. This is caused by the differen- 
tial diffusion of fresh and exhausted developer. 

EDINOL. Para-aminosaligenin. Developing 
agent. Now obsolete for that purpose. 

Formula and molecular weight: 
NH,C t H l OHCH,OH ; 139. 
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Characteristics: White powder, similar to 
para-aminophenol in its developing action. 

Solubility : Fairly soluble in water. 

EDISON, THOMAS ALVA, 1847-1931. 
American inventor. Up to early in 1928, had 
taken out 1,033 patents among which were 
telephones, automatic telegraph systems, the 
phonograph, the first dictograph, incandescent 
electric lamps, and in 1891, the Kinetograph 
and Kinetoscope for taking and viewing serial 
pictures. Was probably the first to use on a 
practical scale film perforated at the sides, 
and was also the first to combine the projection 
of pictures with his phonograph to produce the 
fi rat practicable, though far from perfect, sound 
film. Biography by F. L. Dyer and T. C. 
Martin (New York and London 1910). 

EFFLORESCENCE. Process by which a 
crystalline substance gives up its water of 
crystallization to the air and turns into the 
amorphous, powdery state. The white dust that 
forms on crystals of sodium carbonate (washing 
soda) when exposed to the air is an instance of 
efflorescence. 

EIKONOGEN. Sodium l-amino-2-naphthol- 
6-sulphonate. Developing agent. Now little 
used for that purpose. 

Formula and molecular weight: 
NH,C 1# H,OHSO i Na; 261. 

Characteristics: White powder. Somewhat 
resembles metol in its developing action. 

Solubility: Slightly soluble m water at room 
temperature. 

ELECTRIC CHARGES ON FILMS. The 
surface friction produced by handling or un- 
rolling films may build up a charge of static 
electricity sufficient to create a spark or a 
visible glow discharge. This discharge is some- 
times (but not often) intense enough to form a 
developable image on the film 
S etebo: Static. 

ELECTRICITY. Nowadays electricity is used 
in practically every department of photography 
— taking the photograph, procasing the 
negative, and making the print or enlargement. 

. Most of the electricity used in these ways is 
for lighting; the remainder is for heating and 
for driving motors. The electricity supplied for 
all these purpose may be direct or alternating 
and its voltage may be around 110 volts or 
anywhere between 200 and 250 volts. The 
chances are, however, that it will be alternating 
current of 240 volts and a frequency of 50 
cycles per second. This supply is gradually 
replacing all others throughout the Britisn 
Isles. The standard American household supply 
is 115 volt, 60 cycle alternating current. 

Changes oradditions to the permanent wiring 
of buildings should preferably be made by a 
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qualified electrical contractor. Any handyman 
who proposes to do the job himself should first 
study the relevant I.E.E. regulations on the 
subject Copies of the rules applying to the 
particular job — e.g., permanent wirifig, flexible 
cords, fuss — can usually be obtained from the 
local office of the British Electricity Authority 
or by application direct to the Institute of 
Electrical Engineers. 

Fgalpsncat CJrcnil*. There are two ways of 
connecting a number of pieces of equipment to 
an electricity supply — in series and in parallel. 

When pieces of equipment are connected 
in series end-to-end, all the separate resist- 
ances of each item add together and their sum 
is the total resistance that the circuit offers 
to the flow of electricity from the supply. So 
ten pieces of the same kind of equipment offer 
ten times more resistance to the flow of 
electricity than a single piece of that equipment. 

And the current that flows through the ten 
connected in series is exactly one tenth of the 
current that would flow if only one piece of 
equipment were there. 

In the same way, two lamps connected in 
scries pass only half as much current as one 
connected to the supply by itself. And since the 
voltage is the same in each case, the two lamps 
together consume only half as much electricity 
as one. But, of course, the amount of light is 
also greatly reduced. 

When pieces of equipment are connected in 
parallel — i.e., side-by-sida — each piece of equip- 
ment has the full voltage of the supply acting 
on it. So each separate item acts as though the 
otben were not there. Each takes its full quota 
of current from the supply. So ten pieces of the 
same sort of equipment connected in' parallel 
across the same supply take ten times more 
current than one. And the effective resistance 
of the whole circuit is one tenth of the resis- 
tance of a single item. 

The general rule is expressed by the equation : 
1 1 , 1 , 1 

R rj + r, + r, + etc - 

where R is the total effective resistance of the 
circuit and r t . r t , r. etc., are the separate 
resistances of each individual item. 

Cells in Series and Parallel. When a number of 
cells are connected in series, end-to-end, the 
positive of one cell to the negative of the next, 
their combined voltage is equal to the sum of 
the separate voltages. Ten 1 -5-volt cells in 
series have a combined voltage of 10 x 1 -5 = 
15 volts. 

The actual amount of the current that can 
be delivered by a cell is limited by its internal 
resistance, so that the current that can be 
delivered by a number of cells in series will be 
no greater than the current that can be deli- 
vered by a single cell. 

When a number of cells are connected in 
parallel, with all the positive ter min als con- 
nected together as one pole, and all the nega- 
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SERIES AND PARALLEL CONNEXION. Top: Three lamp* in 
parallel . Contra; Lamps In series. Bottom: Two 6ottcr/es in 
parallel, each with four cells In series. 

tives as the other, the effect is exactly the same 
as if all the separate cells were merged into 
one. So ten 1 -5-volt cells connected in parallel 
become one big cell, and the voltage remains 
unaltered at 1 -5 volts. 

Connected in this way each cell is still 
capable of delivering its full current, limited 
only by its internal resistance. So the ten cells 
in parallel are able to deliver ten times as much 
current as a single cell. 

When cells are connected in series they give 
a higher voltage; in parallel, they deliver a 
higher current. There is a third type of circuit 
that gives an increase in both voltage and 
current. This method of connecting the cells 
is called series-parallel, and it is a combination 
of the other two. 

Four 1 -5-volt cells can be connected in series 
to make a 6-volt battery, and if they cannot 
deliver enough current for their purpose, an 
identical battery of four 1-5-volt cells can be 
connected in parallel with the first. The second 
battery will double the current available while 
the voltage will still be only 6 volts. This is an 
example of series-parallel connexion as it is 
often used for boosting batteries to supply 
extra flash bulbs on the same circuit. 

The behaviour of cells in series and parallel 
is of great importance in photography with 
flash bulbs where a flash bulb that takes a rela- 
tively heavy current operates from small port- 
able batteries. Delay or failure of the flash 
through weak batteries can be a very serious 
matter to the photographer. 

Basic Calculations. The electrical units are 
interdependent, e.g., an electrical pressure of 
1 volt applied-to a circuit with a resistance of 1 
ohm would send a current of 1 amp through 
the circuit. 

The rate of power consumption in a circuit 
is given by the relationship: 

watts - volts x amps. 

For instance, on a 250-volt mains supply, a 
lamp carrying 0-8 amps would consume 
250 x 0-8 — 200 watts. The amount of elec- 
tricity that would have to be paid for if this 
current were switched on for, say, 2,000 hours 
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is given by the relationship: 

.... „ . , .. . watts x time (in hours) 

Kilowatt hours (units) = TWO 

... 200 x 2,000 ’ ... 

or, in this case — j-ggg — = 400 units 

The relationship between volts, amps, and 
ohms, is usually expressed by the formula 
known as Ohin’s Law: — 

Current in the circuit(C) = 

E(Voltage of the supply) 
R(Resistance of the circuit) 


So if any two of these factors are known, 
the third can be found immediately. 

For example if, say, a Photoflood lamp with 
a resistance of 190 ohms is connected to the 
230 volt supply, the current that will flow in the 
lamp wiring will be: 


230 

Current = ^ = 1 -2 amps. 


The watts consumed by such a lamp will be: 
watts = volts x amps. = 230 x 1-2 = 275. 
If such a lamp has a life of 2 hours, it will 
consume altogether 2 x 275, or 0-550 kilo- 
watt hours, or units of electricity, i.e., just over 
half a unit while it lasts. F.P. 


See also: Dimmer; Fuse; Rheostat; Switches; Wiring. 
Books: Electrical Facts for Photographers , by R. H. 
Alder (London); Photographic Illumination, by R. 
H. Cricks (London). 


ELECTROLYTIC DEVELOPMENT. De- 
velopment of an image by depositing the silver 
electrolytically instead of by the chemical 
action of the developer. Although a number of 
experimental methods have been described, 
none has yet proved really practical. 


ELECTRONIC FLASH. Light source which 
utilizes the short duration flash of light pro- 
duced by discharging a medium or high- 
voltage charge through a gas-filled tube. 

See also: Flash ( electronic ). 


ELECTRONIC PHOTOGRAPHY. Process 
of recording the electrical signal from a tele- 
vision camera on a magnetic tape recorder. 
The tape record can be stored and subsequently 
run through a receiver in which the electro- 
magnetic impulses are picked up from the tape 
and converted into a visible moving picture in 
a cathode ray tube. The tape signals may also 
be fad into a television transmitter and broad- 
cast in the normal manner. Photographic 
recording of this type seems to offer most 
possibilities to television studio and newsreel 
operators, especially as no chemical processing 
is required. 

See also: Phototelegraphy; Xerography. 

ELECTROPLANE CAMERA. Special type 
of cine camera in which one component of the 
lens is made to vibrate backwards and forwards 


in such a way that the focus of the lens is 
constantly shifting from the near foreground 
to the distance. At the same time, the lighting 
of the scene is switched in synchronism so that 
it shines only on that plane on which the lens is 
focused. The result is to give an optical illusion 
of extreme depth of field when the final positive 
film is projected and viewed in the normal way. 

ELECTROTYPE. Copy of a printing surface 
in relief made by plating a coating of metal on 
to it by electrolysis. When a sufficiently thick 
coating has been deposited, it is stripped off 
the original, the back is filled solid with type 
metal, and it is then used in printing in the 
same way as the original. 

See also: Photomechanical reproduction. 


ELEMENT. Basic substance which cannot be 
separated into component parts of simpler 
form by chemical methods of analysis. 

Also term applied to single component of a 
lens system. 

See also : Chemicals; Chemical symbols. 


EMBOSSING PRINTS. Method of recessing 
the picture area of a print and leaving a raised 
white border in imitation of the “plate-sunk” 
effect incidental to printing with some types of 
line block. 

The print is made on a sheet of paper big 
enough to leave a broad white margin all 
round. A rectangle of card about 1/16 in. 
thick is then cut so that it exactly coincides 
with the image. This piece of card is then 
placed on the print so that it covers the picture 
and is held in place with a dab of rubber 
solution. The two are then turned over on to a 
level surface. 

At this point it is necessary to have a suitable 
tool, such as a blunt bone paper knife or the 
smooth end of a fountain pen. With this tool, 
the back of the print is worked down over the 
edge of the card by sliding the tool around the 
border and gradually increasing the pressure. 
Presently the paper will have a raised rectangle 
in the centre corresponding to the card under- 
neath. When the print is turned face up and the 
card is removed from the front, the image will 
appear to be sunk into the surface. This is the 
effect produced by the pressure of the engraved 
or etched plates used for printing line repro- 
ductions. It is an effective way of finishing small 
unmounted prints — e.g., for sending out as 
Christmas or birthday greeting cards — and it 
has the advantage of giving the paper extra 
rigidity. 

When a lot of prints are to be embossed in 
this way it helps to make a jig — i.e., a cut-out 
card just big enough to take the print, stuck 
down on to another card with the “plate” 
fixed in position in the middle. The print then 
fits automatically into the right position with- 
out measurement or any risk of slipping. 
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EMBOSSING A PLATE MARK. I. Place the print over a sheet of 
stiff cardboard of the right size. 2. Press along the edges of the 
card from the back of the print. 3. The shape of the card is 
now Imprinted on the front. Bottom: Two pieces of card stuck 
to a common base will produce a convenient jig. 


When prints are to be mounted, the mount 
itself can be plate marked in the same way 
before or after the print is stuck down. In this 
case there is no need to leave a white border 
round the print because the necessary margin 
can be allowed for on the mount. 

EMERSON, PETER HENRY, 1856-1936. 
British photographer, bom in Cuba of an 
American father and an English mother. 
Settled in 1869 in England. Became photo- 
grapher, advocate of “naturalistic” photo- 
graphy, and apostle of “art based upon scienti- 
fic. principles”; wrote a textbook. Naturalistic 
Photography (1889). He was opposed to re- 
touching and “composite negatives”. Advo- 
cated platinotypc and photogravure as repro- 
duction processes ; favoured a moderate amount 
of soft focus. In 1891 he renounced the beliefs 
for which he had fought since before 1880 and 
declared that “photography was not Art”. 


EMULSION REMOVAL. It may be desirable 
to remove the gelatin film from some old glass 
negatives or lantern slides. The glass can then 
be used for lantern slide cover glasses, for 
holding down film negatives in printing 
frames or even, in the very large sizes, for 
glazing greenhouses or garden frames. 

When the negatives are very old the film is 
not easy to remove, and it is even more difficult 
to do this if the negative has been coaled with 
protective varnish. The procedure is then as 
follows. Soak the negatives or lantern plates 
in cold water. (It is easier to remove the film 
after soaking for several hours.) Transfer the 
negatives to the following solution, heated up 
to nearly boiling point: 

Ctustlcaodt 4 ouncM 100 gnma 

Water 40 ouncaa 1 ,000 ccm. 

This will remove the films very rapidly but is 
very corrosive if splashed on the skin or 
clothes. Transfer the glass to cold water, wash 
and dry. 

Another method: soak the plates for some 
hours in water. Take a plate and place emul- 
sion side upwards in a large photographic 
dish filled with hot water. After about a 
minute, take another plate of the same size 
with smooth edges, and use this as a scraper 
held at 45° to remove the film. It is quite easy 
to do this without risk of scratching the glass. 
Wash and dry the glass. 

When making lantern slides, the easiest way 
to recover the glass from any waste plates is to 
take them from the fixing bath and dry without 
washing. After the film has dried it is usually 
possible to pull the film off the glass. If it does 
not come away readily, a short soaking will 
remove it. 

The type of household bleaching fluid in- 
corporating stabilized electrolytic sodium 
hypochlorite sold in bottles for domestic 
cleaning, etc., is also excellent for removing the 
emulsion from negatives. The fluid is simply 
applied at full strength to the emulsion surface 
and in a few moments the emulsion can be 
rubbed off. Concentrated hydrochloric acid 
can be used in the same way, but the fingers 
should not be immersed in the solution for 
any length of time. 

All the above methods apply equally both 
to plate and film negatives. Special emulsions 
are available which permit easy removal. R.M.F. 

See also: Stripping. 


EMULSION. An emulsion consists of a stable 
mass of finely divided particles of a substance 
uniformly dispersed in a liquid in w ich they 
remain suspended without dissolving. Each 
particle of tne suspended substance is surroun- 
ded by a cushioning film of liquid which 
prevents it from joining particles around it. 

The sensitive coating on photographic plates 
and films is a suspension of finely divided grains 
of silver bromide in gelatin. 


EMULSION SURFACE TESTS. The emul- 
sion side of negatives can generally be recog- 
nized by the slightly duller appearance. The 
difference is less noticeable in hardened or 
scratch-proofed negatives, but films so treated 
tend to curl towards the emulsion side when the 
negative is held in the palm of the hand. And 
when the emulsion is viewed obliquely against 
the light, the image can often be seen standing 
out in relief. 
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When the film is held up to the light and the 
negative image appears the right way around, 
the emulsion surface is then facing away from 
the observer. So if the subject includes any 
lettering, e.g., shop signs, notices, number- 
plates, the emulsion side can be recognized at 
once. 

There is no difficulty in recognizing the 
emulsion side of a plate negative because the 
difference between the gelatin and glass surfaces 
is generally obvious at once. If there is any 
doubt, the two sides should be touched in tum 
with the tip of the tongue; the emulsion side 
has an unmistakable tendency to stick. 

Another way of finding out is to scratch the 
margin of the plate with a pin ; only the emulsion 
side will scratch. 

The emulsion side of most papers can be 
recognized by its sheen. Matt papers have very 
little sheen, but, like films, they tend to curl 
towards the emulsion side when laid on the 
palm of the hand. And if a comer of any paper 
is lightly bitten, the side that sticks to the teeth 
is the emulsion side. 

ENAMEL AND CERAMIC PHOTO- 
GRAPHS. There are various methods by 
which a photographic image may be made to 
appear permanently on a glazed porcelain 
surface. The principle is simple: the photo- 
graphic silver image is replaced by an image 
consisting of a verifiable metallic oxide which 
will fire to the desired colour. This image is 
transferred to the unglazed pottery and 
thereafter the normal kilning and glazing 
proceeds as usual. Pictures applied in this way 
are absolutely permanent. 

See also : Dusting on process; Printing on special supports. 

ENCAUSTIC PASTE. Mixture of roughly 
equal parts of while wax and oil of turpentine 
with half a part of dammar varnish, applied to 
the surface of a print (on rough or matt paper) 
to add depth to the shadows. The paste kills the 
“bloom” veiling the black areas of the image 
created by light scattered at the surface. Dopes 
for this purpose were popular before the advent 
of the many modem “lustre” surfaces, combin- 
ing a grained or textured base with a fine surface 
gloss. It is doubtful if such surfaces are improved 
by treating with encaustic paste, megilp and 
similar preparations. 

See also: Doping prints. 

ENDOSCOPIC PHOTOGRAPHY. (Endo- 
scope: from Greek, within + to examine). 
An endoscope is an instrument, usually tubular, 
which can be inserted into a natural or artificial 
body orifice for the purpose of examining 
internal structure. The laryngoscope, broncho- 
scepe, oesophagoscope, gastroscope, cysto- 
scopc, proctoscope and sigmoidoscope are 
examples of instruments which can be passed 
directly into the natural orifices of the body. 


whereas the thoracoscope and peritoncsocope 
require that a surgical incision be made in the 
chest or abdominal wall for their introduction. 

Instruments such as the bronchoscope and 
sigmoidoscope consist essentially of a rigid 
tube of appropriate bore, carrying an obturator 
to facilitate introduction and small lamps at 
the distal or proximal end to ill umina te the 
orifice. More complex instruments such as the 
gastroscope and cystoscope embody miniature 
telescopic optical systems so that a magnified 
view is obtained. Some are even flexible. 

Many special cameras have been designed 
to record the views seen through various 
endoscopes and the procedure is far from easy. 
Special equipment is costly, although the simple 
attachment of a camera to the eyepiece may 
serve on occasions. 

The main difficulty lies in the provision of 
axial lighting of sufficient intensity to allow 
colour pictures to be made. In this respect it is 
paradoxically easier to produce 16 mm. colour 
films than good stills of larger size; this is on 
account of the reduced image size and consa- 
quent gain in intensity of light reaching the 
film. Increased depth of field provided by lenses 
of short focal length is an additional advantage. 
It must be possible to view the subject up to 
the moment of exposure and hence a reflex or 
beam-splitting device is usually incorporated. 
Lighting must be cool and the operating voltage 
must be low in case of electric shocks. 

The retinal camera is an endoscope of a 
different order with no direct connexion be- 
tween the instrument and the body of the sub- 
ject. P.H. 

See also: Medical photography- 

Book: Medical Photography, by T. A. Lommore 

(London). 

ENLARGED NEGATIVES. A number of day- 
lightprinting processes are too slow f or anything 
but contact printing. If large prints are to be 
made from small negatives by any of these 
processes, they cannot be made by enlarging 
direct on to the sensitive material. An 
enlarged negative must be made, and from it 
contact prints made on to the particular type 
of printing material. 

Enlarged negatives can be made either via a 
positive transparency or by direct reversal. 
Positive Transinnaicy Method. Here a dis- 
positive is made by contact printing the negative 
in the normal way. The positive is then pro- 
jected in the negative carrier of the enlarger on 
to a slow non-colour-sensitive film or plate 
which is then processed to give the enlarged 
negative. This method allows considerable 
adjustment to be made in the contrast and 
density of the duplicate, while part only of the 
image may be enlarged if the rest is not required. 

If a same-size duplicate negative is required, 
it is simply printed by contact from the trans- 
parency. Enlarged or duplicate paper nega- 
tives may also be made in this way. 
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Direct Reversal Method Enlarged negatives 
can alternatively be made by projecting the 
negative on to an ordinary plate or film and 
processing the enlargement to give a reversed 
image. At the same time it is generally more 
satisfactory to use materials specially designed 
for reversal processing. 

The original negative must be inserted the 
wrong way round in the negative carrier of the 
enlarger so that the emulsion side faces away 
from the lens. If this is not done, the enlarged 


negative will have the image reversed left to 
right, and be unsuitable for contact printing. 

The image on duplicate negatives made by 
direct reversal of contact prints will be the 
wrong way round in any case, unless the 
negative is turned over for printing, in which 
case the image will lose some sharpness 
because the emulsion surfaces of negative and 
duplicating material were not in direct contact 
with each other. 

See also: Duplicate negatives. 


ENLARGER 


In the early days of photography, photo- 
graphic prints were mostly made by exposing a 
piece of sensitized paper in contact with the 
negative. This produced a positive image the 
same size as the negative image. As the negative 
was usually at least whole-plate size — 6j x 8J 
ins. (16-5 x 22-5 cm.) — such contact prints 
were big enough for the needs of the time. But 
the natural development of photography lay 
in the direction of smaller cameras and larger 
prints, and it became necessary to provide a 
means of making enlarged prints from rela- 
tively small negatives. It is common practice 
nowadays to make 12 x IS ins. (30 x 38 
cm.) prints from 1 x 11 in. (24 x 36 mm.) 
negatives. 

The apparatus in which the printing process 
is carried out is called an enlarger. This projects 
an image of the negative on to the sensitized 
paper so that, by adjusting the distance be- 
tween lens and paper, it is possible to obtain 
almost any degree of enlargement. 

There are two principal kinds of enlarger: 
vertical and horizontal. The vertical type is 
used almost exclusively in everyday photo- 
graphy; the horizontal type was popular in the 
early days but is too cumbersome for normal 
printing; it is now used only in certain special- 
ized branches of photography. There is a third, 
fixed focus, type of enlarging device which has 
an extremely limited scope and is practically 
obsolete. 

All enlargers employ the same working 
principle. The negative is brightly lighted and 
its image is focused by a lens on to a sheet of 
sensitized paper. After a sufficient time of 
exposure, the paper is processed to give an 
enlarged positive image. The process is in 
essentials exactly the same as that of taking a 
photograph of a negative a short distance away 
in a camera with an extremely long extension 
(as in macrophotography). Normal photo- 
graphs are taken with a relatively great distance 
between the lens and the subject, and a short 
distance between the lens and the image. This 
arrangement gives a considerably reduced 
image of the subject. In an enlarger the condi- 
tions are reversed; the lens-negative — i.e., 
subject-distance is small and the lens paper — 


i.e., image-distance is large, so the result is an 
enlarged image. The scale of enlargement 
follows the normal rules for optical magnifica- 
tion: M x v/u. (v = lens-paper distance; 
u = lens negative distance.) 

All enlargers have certain basic parts in 
common — i.e., a means of illuminating the 
negative, a holder for the negative, a lens 
(usually with provision for focusing) and a paper 
holder. The first three items are usually 
assembled in a single unit which is moved bodily 
towards or away from the paper holder or easel 
to change the scale of enlargement. The lens is 
focused either independently or automatically 
to produce a sharp image on the easel. 



VERTICAL ENLARGER. The optical system of the conventional 
vertical enlarger consists of a lamp ( usually opal or sprayed) 
and a condenser which evenly illuminates (he negative in the 
negative carrier. The negative is projected on the baseboard 
by the lens. Raising or lowering the lamphouse alters degree of 
enlargement; movement of lens controls sharpness. 
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ILLUMINATING THE NEGATIVE 

The problem common to all types of en- 
larger is that of illuminating the negative 
brightly but evenly. If the illumination is weak, 
it is difficult to focus the enlarged image 
visually, and the exposure becomes unduly long; 
if it is irregular, the paper will be exposed un- 
evenly and give a patchy print with some parts 
over- and some under-exposed. There are 
various ways of achieving correct results. 

The negative image is made up of varying 
densities of silver deposit distributed in a 
layer of translucent gelatin. When rays of 
light fall on it, some are blocked by the silver 
deposit, some pass straight through the clear 
parts of the negative and continue travelling 
in the same direction while the remainder are 
broken up and diffused by the granular, trans- 
lucent structure of the gelatin. The rays that 
are diffused leave the negative in all directions, 
but the majority remain inside a fairly narrow 
cone around the axis of the original ray. But if 
the original rays are themselves diffused, they 
will strike the negative from all angles and will 
fan out in all directions equally when they 
emerge from the other side. In this case there 
will be no bright central cone of rays. 

When an illuminated negative is being pro- 
jected in the enlarger, the only useful rays 
emitted by the light source are those that fall 
on the enlarger lens. Any rays of light that do 
not strike the lens are useless. Rays that are 
already directed towards the lens before they 
reach the negative will generally fall somewhere 
on the lens and pass through to form an image. 
Even though the rays will mostly emerge in a 
cone and not in a parallel beam, the greater 
part of the cone will fall inside the area of the 
lens. 

If the rays are not pointing in the direction of 
the lens when they fall on the negative, the 
cone of light leaving the negative will either 
miss the lens altogether, or only the outer 
fringe will fall on it. So, viewed from the 
point of view of the lens, the image patch illu- 
minated by the ray will either appear dark or 
at least very much less bright than if the ray 
had originally been pointing towards the lens. 
But if all the rays used for illuminating the 
negative are directed towards the lens, then, 
when viewed from the lens, the negative will 
appear uniformly brightly illuminated. 

Direct Ulumination. So one effective way of 
illuminating the negative is to ensure that all 
rays of light from the source converge in a 
cone with its apex at the lens. All the rays from 
the source that pass through the negative will 
then fall on the lens and help to form an 
image on the easel. This condition is achieved 
by placing a suitably shaped reflector behind 
the light source, and a condenser, composed of 
one or more lenses, between the source and the 
negative. The reflector redirects all the rays 
travelling away from the negative back to the 


source. The condenser collects the direct 
light rays from the source and the indirect 
rays from the reflector and concentrates them 
into a cone of light. With a perfect reflector and 
condenser system and a point source of light, 
the tip of the light cone lies inside the disc of 
the lens and no light is wasted. 

In practice the cone of transmitted light is 
never focused exactly on the back of the lens 
because such an arrangement would call for 
re-focusing for every change in the scale of 
enlargement with its consequent alteration of 
the negative/lens separation. The light is made 
to converge on a point beyond the lens so that 
the section of the cone of light at the plane of 
the lens is somewhat wider than the disc on the 
lens. This wastes some of the light but it allows 
the lens to be focused over a wide range of 
scales of enlargement without any need to 
re-focus the illumination. 

Diffused Tll iimlna tinn. On the other hand, if the 
rays from the light source are completely dif- 
fused in all directions, then the rays that pass 
through the negative will emerge in all direc- 
tions and not in a concentrated cone. Every 
illuminated image patch will radiate light uni- 
formly in all directions like a tiny point source. 
Some of this light will fall on the lens and pass 
through to form an image. And whether the 
image patch is at the centre of the negative or 
at the edge, the total amount of light it 
radiates will be the same, and the proportion 
that falls on the lens will be the same. So, once 
again, when looked at from the lens, the 
negative will appear uniformly illuminated. 

This type of illumination can be achieved by 
placing a diffuser between the light source and 
the negative and employing a reflector with a 
matt diffusing surface behind the source. But 
whereas in a perfect condenser system all the 
light from the source is usefully employed, in 
this second system only a proportion of the 
total light leaving the source falls on the lens 
and helps to form an image. 

It is easy to visualize the proportion of the 
light that falls on the lens if the surface of the 
lens is imagined as lying on a hemisphere which 
has for its centre an image patch on the nega- 
tive. This image patch will radiate light equally 
over the entire surface of the hemisphere 
including the part occupied by the lens. So 
part of the light will fall on the hemisphere and 
be wasted and part of it will fall on the lens 
and help to form the image. If the area of the 
lens is 1 /x of the area of the hemisphere, then 
the amount of light available to the lens for 
forming an image will be 1 /x of the total light 
transmitted by the negative. 

For example, if the lens is 1 in. in diameter 
and 2 ins. away from the negative, the frac- 
tion can easily be determined: 

Area of lens 

D* , , , 1 22 _ Q 

= = 314 X 4 = 28 = 79 Sq - m ' 
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ENLARGER ILLUMINATION SYSTEMS. Left: Direct light from an opal lamp, with an opal diffusing screen. Yields soft diffused 
light and subdues fine image detail, especially blemishes. This is also the cheapest lighting system to produce for an enlarger, and 
is therefore found in a number of inexpensive models. Centre left: Indirect diffused light from two opal lamps with an opal diffuser. 
The usual system for enlargers for large negatives. Some modern enlargers replace the bulbs by a grid-shaped fluorescent tube. 
Centre right: Direct light from clear lamp and condenser. Yields intense light, increased image contrast, and shows up finest 
detail. However, needs constant refocusing of lamp. Right: Direct light with opal lamp and condenser. The most common system 
in use , with most of the advantages but not the drawbacks of the clear lamp and condenser. 


Area of hemisphere of 2 ins. radius 
= of i 4wt‘ = i x 4 x 3-14 x 4 
= approx. 25 sq. ins. 

So in this case, only 0 79/25, or approxi- 
mately 1/30 of the light passing through the 
negative will fall on the back of the lens and go 
to form the image. 

From this it will be clear that it is very much 
less efficient to illuminate the negative by 
diffused light than by direct light, even when the 
cone of direct light is deliberately arranged to 
overlap the lens all round to allow for the 
focusing movement of the lens. 

Collier Effect. There is one more important 
difference between direct and diffused negative 
illumination. When direct light falls on the 
negative image it passes straight through the 
clear parts, but where the rays strike even a thin 
density they are broken up and scattered by the 
silver grains so that they emerge in all direc- 
tions as though they had been diffused by a 
sheet of opal or ground glass. This means that 
the highlight areas of the print — i.e., under the 
denser parts of the negative — receive less light 
than they should, so they appear whiter. In 
other words direct illumination increases the 
contrast of the negative, leading to more 
contrasty prints. 

This selective scattering of the light by the 
denser parts of the negative is known as the 
Callier effect after its discoverer. No such effect 


takes place with diffused illumination of the 
negative since the rays falling on the clear areas 
of the negative are already diffused. 

A scratch or other physical blemish on the 
negative scatters the light just as the silver 
grains do, and direct illumination produces a 
similar exaggeration of the contrast. So 
scratches and blemishes — and grain — all tend 
to be rendered more obvious in the print by 
direct than by diffused illumination. For the 
same reason, since the resolution of detail 
depends on the contrast between adjacent 
light and dark areas, direct illumination, which 
exaggerates tone contrast, automatically gives 
better resolution of detail than diffused illu- 
mination. 

Lighting Systems Compared. To sum up the 
differences: direct illumination makes more 
efficient use of the light available; it increases 
contrast and gives better resolution. But it 
makes grain, scratches and blemishes more 
obvious. Diffused illumination gives softer 
contrast (which is sometimes an advantage) 
and lessens the effect of grain, scratches and 
blemishes. But it is relatively less efficient and 
calls for either a much more powerful light 
source or longer exposures than direct lighting. 

In practice an enlarger may have either 
direct, diffused, or semi-diffused illumination. 

Direct illumination is produced by using a 
point-light source in conjunction with a polished 
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spherical reflector and a condenser, consisting 
generally of two plano-convex lenses assembled 
with their flat faces out. This system focuses 
both direct and reflected images of the filament 
in the enlarger lens. It is mostly used in en- 
largers that are run off a portable battery in 
situations where no main electricity supply is 
available. Such enlargers are fitted with a 
motor-car headlamp type of bulb and the high 
efficiency of the illumination system makes up 
for the relatively low power of the light (24 or 
36 watts). 

Diffuse illumination may be produced: by 
mounting a large diameter opal bulb in a matt 
white reflector with one or more sheets of opal 
or frosted glass between the light source and 
the negative; by using an evenly distributed 
source of light behind the negative; or by 
illuminating the negative entirely by light 
reflected from lamps screened so that no direct 
rays can fall on the negative. 

Enlargers of this type are manufactured for 
both very small and very large negatives but 
they vary widely in their construction because 
of the great differences in the types of light 
source. 

Semi-Diffused Dhnnination. In this type of 
illumination, the direct light of a condenser 
arrangement is partially diffused so that its 
optical adjustment is no longer critical. The 
light is therefore made appreciably larger than 
a point source (generally an opal bulb) with a 
white reflector, rather than a polished one. 
The greater part of the light is still directed in a 
broad, slightly convergent beam on to and 
around the back of the lens, but the diffusion is 
sufficient to smooth out the effect of incorrect 
focusing of the light source and condenser. It 
also prevents an out-of -focus image of the light 
source itself— e.g., the filament of a tungsten 
lamp — from being superimposed on the image 
of the negative on the easel. 

Semi-diffused illumination is the most popu- 
lar type for normal enlarging because it com- 
bines most of the advantages of both direct and 
diffused systems while the characteristic dis- 
advantages of each tend to cancel out. 

Light Sources. The light source in an enlarger 
may be one of the following types: tungsten 
filament (lamps), high pressure mercury arc, 
vapour discharge tubes, non-electric sources 
of various types. 

Tungsten filament lamps with fully diffusing 
opal or frosted glass bulbs are the commonest 
form of light source for semi-diffused illu- 
minating systems. They provide a bright 
sphere of practically uniform illumination. 
Consumption ranges from 60 to 150 watts 
according to the enlarger but for specially in- 
terne lighting — e.g., for very dense negatives, 
colour enlarging, or unusually big enlarge- 
ments — an over-run or Photoflood type may be 
substituted. (As a rule the ordinary domestic 
pearl or opal bulb is not suitable because it 
usually has the maker’s name printed on the 


end of the bulb and this is almost certain to 
produce a blurred image on the printing 
paper.) 

Lamps of the car headlamp type may be 
fitted in enlargers intended to be used away from 
main supplies of electricity. These are either 
6 or 12 volt with a consumption of 24 or 36 
watts. In order to make the most of the small 
amount of light available the lighting system 
with such lamps is of the undiffused direct 
light type and the condenser must be re-focused 
for each change in the scale of enlargement. 

The normal type of projection lamp bulb is 
also used as the light source in a number of 
enlargers — mostly for miniature negatives. In 
this type of lamp the filaments are accurately 
positioned and closely bunched while their 
rigid mounting prevents them from moving 
out of the focal plane of the condenser and 
reflector system. Projection lamps have a tubular 
instead of a pear-shaped envelope so that they 
can be mounted close to the condenser and 
reflector. This arrangement makes the maxi- 
mum use of the available light. 

Because of the filament arrangement these 
lamps must be mounted vertically, so if they 
are used in a vertical enlarger the lamphouse 
must be specially designed and include a 
mirror to direct the light downwards. 

High pressure mercury arc lamps utilize an 
arc struck between tungsten electrodes in a 
small glass or quartz tube containing mercury 
vapour with a trace of argon. The tube is 
enclosed in a partly evacuated outer glass 
envelope to limit the heat loss and maintain 
the pressure at the arc. Such lamps have a very 
high luminous efficiency and are excellent for 
making very big enlargements — e.g., photo- 
murals — where an extremely brilliant light 
source is necessary to keep exposures within 
reasonable limits. A disadvantage is that once 
the lamp is switched off the arc cannot be 
struck again until it has been allowed to cool 
off for several minutes. In common with all arc 
lamps high pressure mercury vapour lamps 
must be operated through a current-limiting 
choke. Such lamps have a life of about 1,500 
hours. 

Mercury vapour, fluorescent and cold 
cathode tubes are used principally for large 
negative sizes that cannot be evenly illu- 
minated by any of the more compact light 
sources. A number of tubes are arranged side 
by side, or a single long tube is bent to form a 
grid so that the whole of the negative area is 
covered. The result is an even light which 
requires little or no further diffusion. Cold 
cathode tubes in particular are excellent light 
sources used in this way. Their light is prac- 
tically cold, so the lamp house can be reduced 
to a mere shallow box; they can be used inter- 
mittently with no delay after switching on, and 
the light is highly actinic. An 80 or 100 watt 
lamp is ample for most purposes and the 
usef ul life may be 6,000 hours or more. 
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Where no electricity supply or battery power 
is available, practically any of the traditional 
non-electric sources may be used — e.g., coal 
gas, acetylene and other gas burners, and 
paraffin wick and mantle type lamps. Such 
sources are generally more suitable for burning 
vertically to allow for a ventilating chimney 
immediately over them. For this reason they 
are almost always used only in horizontal 
enlargers. 


CONSTRUCTION 

An enlarger is made up of two principal 
units, the head assembly and the easel. The 
negative is held in a carrier in the head assembly 
and projected on to a sheet of sensitized paper 
on the easel. The two units are mounted on a 
track consisting of a rigid tube or a pair of 
guide rails so that the distance between them 
can be adjusted to vary the enlargement scale. 

The whole arrangement may be designed to 
work with the guide rails horizontal or vertical. 
In the vertical arrangement, the track forms 
the support for the head assembly and is rigidly 
mounted on the easel to form a base; in the 
horizontal arrangement the two units merely 
rest on the track. 

The head assembly consists of the lamp- 
house, the negative carrier, the lens with its 
focusing mechanism. 

Lam ph ouse. The lamphouse is a ventilated 
metal box which houses the light source, a 
shaped reflector and a condenser unit or 
diffusing screen or both. The reflector is 
usually spherical and the light source is placed 
at its centre of curvature so that all rays 
falling on the surface are reflected back through 
the source. With this arrangement all rays can 
be treated as though they radiated directly 
from the source. In a direct illumination 
system the reflector is polished, but for diffused 
and semi-diffused systems it is painted matt 
white or satin finished. 

Most enlargers of the direct or semi-diffused 
type have condensers with a focal length 
approximately half that of the enlarger lens. 
As the condenser must be big enough to 
cover the whole negative this requirement pro- 
duces an abnormally thick lens in the larger 
formats if a single lens is used. In practice, 
single condenser lenses are used only for 35 
mm. and other small negatives. It is customary 
to use a plano-convex lens with the flat face 
towards the negative. (It may even be pressed 
into contact with the negative to keep it flat.) 

For negative formats with a bigger diagonal 
than about 2 ins. two piano convex lenses 
are employed with their flat faces outwards. 
The*e are equivalent to a single lens of twice 
the thickness, but it is easier to make two 
separate plano-convex lenses than one do lble 
convex. The double assembly suffers less f.'om 
aberrations, and it is less likely to crack under 
the heat of the light source. 




LAMPHOUS E SYSTEMS. Top laft: Orthodox and popular 
system carrying (he lamp on an adjustable rod, held otxnrw the 
condenser. Top centre: Cathode tube grid for diffused Illu- 
mination, as used in large-size professional models . Top right: 
Multi-lamp unit with opal glass diffuser. Bottom: Modern 
system utilizing a projector lamp surrounded by a special 
reflector, with 45° mirror to deflect light to negative. 

In direct and semi-diffused lighting systems, 
the position of the lamp is usually adjustable 
with respect to the condenser so that the light 
can be roughly focused to concentrate the 
greater part of the rays on the back of the en- 
larger lens. 

The typical vertical enlarger lamphouse' is 
constructed in the form of a cylinder with a 
hemispherical cap which forms or houses the 
reflector. The lamp is mounted on the end of a 
metal tube which enters the top of the cap 
through a friction-tight bush. This enables the 
lamp to be moved up or down to focus the beam. 
In practice the lamp is moved about with no 
negative in the carrier until the baseboard is 
evenly illuminated. 

A vertical enlarger lamphouse designed to 
work with a projection type lamp has a hori- 
zontal lamp chamber in which the lamp is 
mounted vertically in front of a reflector which 
projects the light on to a 45° mirror. From 
the mirror the light is reflected down on 
to the condenser. This arrangement is neces- 
sary because projector type bulbs must be 
worked in a vertical position, and it also makes 
for more efficient cooling, which these bulbs 
require. 

On a horizontal enlarger the lamphouse is a 
rectangular box with a ventilating chimney on 
top. One end of the box is taken up by the 
condenser, and the lamp and reflector are 
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NEGATIVE CARRIERS. I. Open frame carrier for plates. 2. 
Double glass sandwich for films; keeps the negative flat, but 
collects dust on four surfaces. 3. Single glass plate and metal 
frame. 4. Condenser and metal frame; of ten used in 35 mm. 
enlargers. 5. Glassless with heat-absorbing glass; limited to 
small negative sizes as larger films distort. 

mounted on a movable slide in front of it so 
that the light can be focused to give uniform 
illumination. This type of lamphouse is con- 
venient for non-electric light sources such as 
gas or oil burners. 

The simple types of diffused light lamphouse 
are similar in construction to the normal 
condenser type. The condenser unit is replaced 
by one or more sheets of opal glass and the 
reflector is given a matt finish instead of being 
polished. As the light is almost always an opal 
lamp and not a point source, the shape of the 
reflector generally departs from the conven- 
tional spherical section so as to give even 
illumination right to the edges. The lamp is 
mounted in a fixed holder; there is no need for 
it to be adjustable. This system is only suit- 
able for small or medium sized negatives — 
e.g., 35 mm. up to x 3i ins. 

Another basic type of diffusing lamp- 
house has a number of lamps — or a single, 
shaped tubular lamp — arranged in a trough 
around the outside so that the light is directed 
on to a central dome-shaped reflector. Light 
from the reflector alone is allowed to fall on 
the negative, the direct rays from the lamps 
being cut off by the inside wall of the trough. 
Lamphouses of this type can be made to 
evenly illuminate negatives of anything up 
to quarter-plate size — i.e., 3i x 4f ins. 
(9 x 12 cm.). 


Finally there is the flat, box-shaped lamp- 
house that houses a grid of tubular mercury 
vapour — or more recently, the popular cold 
cathode-discharge lamps. In this type the grid 
extends over the whole of the negative area 
and the tubes are practically touching. The 
result is an evenly distributed light right to the 
edges of the negative even without the addi- 
tion of a diffuser. Since the light given out by 
this type of lamp is practically cold, ventilation 
is no problem and the lamphouse is little more 
than a flat box just big enough to hold the grid. 
The necessary control gear may be built in to 
the lamphouse or it may be supplied as a 
separate unit. 

Lamphouses of this type are suitable for 
negatives of all sizes, but particularly for the 
larger formats. 

Negative Carrier. The function of the negative 
carrier is to hold the negative flat and parallel 
to the lens plane at the right distance from the 
lens. 

The carrier usually fits into a slot in the 
enlarger body and supports the negative in 
front of the condenser. With some carriers it is 
possible to rotate the negative by turning a 
knob on the end. This enables the operator to 
square up the image with the sides of the paper 
easel. The movement is particularly valuable 
on horizontal enlargers where it is not always 
easy to adjust the paper position. 

Plates to be enlarged are held in a frame type 
carrier in which the plate lies in a shallow 
rebate around the inside of the frame and is 
retained by spring clips. Or it may be held in 
a double frame, hinged to open like a book. 

Films may be sandwiched between sheets of 
glass in a frame, or they may be held by the 
edges only in a glassless carrier. The glass 
sandwich type of holder is used for film nega- 
tives of all sizes, but the glassless type is suit- 
able only for miniature or small negatives. 
Glassless carriers have the advantage of offer- 
ing only two film surfaces for dust to cling to, 
whereas in the sandwich type there are four 
glass surfaces in addition. But any film larger 
than 21 x 21 ins. is apt to buckle under the 
heat of the lamp and go out of focus — and even 
miniature negatives may give trouble if the 
ventilation is inadequate or the lamp is left 
switched on too long. 

Film negative holders normally incorporate 
a mask, or one half of the frame is shaped to 
serve the same purpose. The opening in the 
mask is the exact size of a single frame without 
allowance for the clear margin. This ensures 
that no unnecessary light passes through the 
negative to form a possible source of stray 
reflections that might fog the enlarged image. 

In some enlargers the negative stage has built- 
in adjustable masks which permit masking 
down of the image area to what is actually 
being enlarged. 

In certain miniature enlargers the negative is 
simply held against the lower face of the con- 
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Negative Size Diagonal of negative or 

Ins. cm. minimum diameter of 

(approx.) condenser 

ins. cm. 


Focal length of lens 


Maximum aperture 


i Plato 
<H x 4i) 

9 x 12 

6 

IS 

5-61 

13-15 

5 6-63 

ZJ x 3i 

6x9 

At 

II 

4-5 

10-13 

4-5 

2i x 2i 

6x6 

3t 

85 

3-4 

75-10 

45 

1 X 1} 

2*4 X 3-6 

ID 

4*3 

2-3 

5-7 5 

3 5 


Tha minimum condenser diameter for an enlarger with a tilting negative carrier is always about 25 per cent larger 
than for a non-tilting type to ensure that the full negative area is always well within the light beam. 


denser or diffuser by a metal plate cut away to 
mask the negative area. This arrangement 
helps to keep the negative flat but may defeat 
its own object unless the glass surface is well 
cooled by efficient ventilation. 

Roll film is often handled in the complete 
roll, and 35 mm. film either in the roll or in 
strips of six or nine frames. So the negative 
holder, while keeping the film under pressure 
for enlarging, must permit it to be moved on to 
a new frame without being removed from the 
enlarger. In the cheapest instruments the two 
halves of the carrier are simply held together 
by a spring with just enough pressure to allow 
the film to be drawn between them. With this 
arrangement there is always the risk of scratch- 
ing from particles of grit or rough spots on the 
face of the carrier in contact with the film. 
Better enlargers have a lever which releases the 
pressure while the film is being moved. 

In most enlargers the negative carrier is 
inserted through a light-trapped opening and 
is held rigidly in the beam of the light in the 
focal plane of the lens. Some of the more ex- 
pensive instruments, however, have a pivoted 
housing for the carrier which enables the 
negative to be tilted at an angle in conjunction 
with an opposite tilt of the easel to correct for 
converging verticals. This device gives a more 
accurate correction than a simple tilt of the 
easel (which corrects the convergence but 
elongates the subject unnaturally and puts 
part of the image out of focus). 

Lens. The lens is connected to the negative 
carrier housing by a bellows or a telescopic 
metal sleeve so that it can be moved to and 
fro for focusing the image. 

The focal length of the lens depends upon the 
format of the negative to be covered. Generally 
the focal length is equal to or somewhat longer 
than the diameter of the condenser — i.e., the 
diagonal of the largest negative that the en- 
larger will handle. 

The maximum aperture of the lens must give 
sufficient illumination on the paper to focus by 
when an average negative is being enlarged to 
the fullest extent possible. 

The lens may be equipped with click-stop 
adjustment — i.e., the diaphragm is controlled 
by a lever which engages with a click that can 
be felt and heard at each stop value. 


A red or orange glass filter may be fitted in 
front of the lens in such a way that it can be 
moved into the light beam to hold back the 
actinic rays. This allows the position of the 
sensitized paper to be adjusted with the enlarger 
switched on. The filter may be hinged or pivoted 
in front of the lens, or it may also slide into 
position behind the lens. 

Nowadays practically all enlarger lenses are 
bloomed to cut down internal reflections and 
increase the image contrast. 

Focusing Mechanism. The image is focused by 
moving the lens closer to, or farther away from, 
the negative. This calls for a light-tight sleeve 
between the lens and the negative and a 
mechanism for adjusting the separation. 

In the simplest arrangement the lens is 
coupled to the head assembly by a pair of 
metal tubes which telescope one into the other. 
A pin in the inner tube engages with a helical 
slot in the outer, so that turning the lens moves 
it in or out. In a more elaborate version of 
this system the pin and slot is replaced by a 
multi-start helical thread, and this may be 
further modified so that the lens does not 
rotate. These systems provide a limited exten- 
sion for one particular focal length only. 

In the more elaborate units, the lens panel 
is mounted on a rack and pinion slide or a set 
of rails and is connected to the enlarger head by 
a flexible opaque bellows. This arrangement 
permits any desired length of extension and can 
be designed to provide the necessary range of 
movement for lenses of several focal lengths. 


FOCUSING MECHANISM. Lift: Helical focusing mount; the 
unit carrying the lens screws in and out by a coarse thread. 
Rifhc: Rack-and -pinion system with bellows. 
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FOCUSING AIDS. Left: An opaque strip across the centre of t/ie 
fen* separatee an unsharp image into two distinct images. 
Right: Rangefinder e/Mmn using a split field; when the split 
line fuses on the bimhrnerd, the image is sharp. 

It is popular for enlargers intended for more 
than one size of negative— e.g., 35 mm. (2 ins. 
lens) and 2i x 2f or 2f x 3| ins. (3i ins. 
lens). This method also allows for some degree 
of reduction. 

The movement of the lens panel may be con- 
trolled by the rack-and-pusion mechanism 
mentioned above, or by a friction drive. Some 
models incorporate a micrometer screw for 
fine focusing. A locking screw may also be 
provided to set the focusing position. 

The maximum scale of enlargement is 
obtained when the lens is racked back so that 
the negative lies at its back focus; this results in 
an infinite scale of enlargement. As the lens is 
moved farther away from the negative the 
scale gets prognwvely small er until the 
separation is approximately equal to twice the 
back focus. At that point the negative is repro- 
duced 1 : 1 — i.e., the negative and projected 
images are the same size. Further extension 
gives a reduced image. 

LENS-TO-BASEBOARD DISTANCES AT VARIOUS 
MAGNIFICATIONS 


Magnification Focal Length of Lens 

(Diameters) 2 ins. 3 ins. ins. 51 ins. 

(5 cm.) (7-5 cm.) (10 S cm.) (13 i cm.) 


1 

3-9 in. 

5-9 in. 

0-3 in. 

10-6 in. 


(10 cm.) 

(15 cm.) 

(21 cm.) 

(27 cm.) 

2 

5-9 in. 

0 9 in. 

12-4 in. 

15 9 in. 


(15 cm.) 

(22*5 cm.) 

(31*5 cm.) 

(40 cm.) 

3 

7-9 in. 

11-0 In. 

16-5 In. 

21-2 in. 


(20 cm.) 

(30 cm.) 

(42 cm.) 

(54 cm.) 

4 

9 9 in. 

14-0 in. 

20-7 in. 

26 6 in. 


(25 cm.) 

(37 5 cm.) 

(52-5 cm.) 

(67-5 cm.) 

5 

11-0 in. 

17 7 in. 

24-0 in. 

31-9 in. 


(30 cm.) 

(45 cm.) 

(63 cm.) 

(01 cm.) 

6 

13-0 in. 

20-7 in. 

29 in. 

37 2 In. 


(35 cm.) 

(52.5 cm.) 

(74 cm.) 

(95 cm.) 

0 

17-7 in. 

26-6 in. 

37-2 in. 

49-9 in. 


(45 cm.) 

(67-5 cm.) 

(95 cm.) 

(127 cm.) 

10 

21-6 in. 

32-4 in. 

45 5 in. 

50 5 in. 


(55 cm.) 

(02-5 cm.) 

(116 cm.) 

(140 cm.) 

12 

25-6 in. 

30-4 in. 

53-7 in. 

69 in. 


(65 cm.) 

(97-5 cm.) 

(136 cm.) 

(175 cm.) 

15 

31*5 in. 

47-2 in. 

66-1 in. 

05 in. 


(00 cm.) 

(120 cm.) 

(160 cm.) 

(216 cm.) 


Thu* distances are slightly rounded off. 
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The focusing range is normally designed to 
give a range of enlargement from infinity to 
same size with a particular lens. If more than 
one lens is catered for, the focusing range must 
start with a lens negative separation equal to 
the back focus of the shortest focus lens and 
extend to at least twice the focal length of the 
longest focus lens — i.e., in an enlarger d«imed 
for both 35 mm. and 2J x 3J ins. natives 
it must extend from 2 ins. (5 cm.) to at least 
7 ins. (18 cm.). 

Automatic Fomfag. The lens panel may be 
racked along the slide by a hand-operated knob 
or lever, or it may be coupled to the head rais- 
ing and lowering mechanism so that it auto- 
matically moves the panel to give the correct 
extension for any degree of enlargement — i.e., 
according to the distance of the enlarger head 
from the easel. This is done by moving the lens 
panel by a rocker arm riding on a suitably 
shaped cam or profile plate attached to the 
fixed part of the enlarger. 

Rangefinder Focusing. The enlarging head may 
also incorporate a ranging device. This is 
usually some form of split-image system in 
which two separate images — either of the 
negative, or of an illuminated slit — are pro- 
jected on to the baseboard and are brought 
into coincidence by moving the lens focusing 
control. When the images coincide, the nega- 
tive will be sharply focused. It is easier to focus 
this way than by trying to decide when the 
image is at its sharpest. 

The method most generally used is to insert 
a mask behind the lens so that each half of the 
lens forms its own image of an illuminated slit 
mounted in the focal plane. When the two 
halves of the slit are brought into register 
the lens is sharply focused. The slit image is 
then moved out of the way and the negative 
carrier slid into position, bringing the negative 
into the focal plane previously occupied by the 
slit. 

Magnifier Focusing. Any of the normal types 
of focusing magnifier may be used for deter- 
mining when the image is sharp. The basic 
principle with all such systems is to reflect 
part of the enlarged image on to a viewing 
screen with a magnifying lens above it. When 
the magnified screen image appears sharp, the 
image on the easel will also be sharp. Magnifiers 
of this type are not usually supplied with the 
enlarger; they are bought as an accessory. 

Magnifiers of this type must be very accu- 
rately made really to be an advantage; a slight 
difference in the distance between the minor 
and screen and minor and baseboard will 
result in inaccurate focusing on the final print. 
Raising and Lowerim Gear. The scale of en- 
largement is adjusted by altering the distance 
between the enlarger head and the easel. In the 
commonest vertical arrangement upright metal 
tubular columns or girders, anchored to the 
easel, support the head and form a track on 
which it can be slid up or down. It can be 



ENL 



RAISING AND LOWERING GEAR. Top left: Arm carrying 
lamphouse moves up and down column, being clamped in 
place. Top centre: S/irfinf supporting arm with counterweight 
inside column. Top right: Counter-weighted lamphouse arm 
moved by rack and pinion drive. Bottom left: Spring-loaded 
parallelogram system. Bottom centre: Friction drive on 
column. Bottom right: Lamphouse arm raised by screw gear. 

locked in any position by a clamp, and its 
weight may be counterbalanced by a cable 
passing over a pulley and attached to a suit- 
able lead counterweight suspended inside the 
column. 

The use of a weight and pulley is the most 
simple system of providing a counterbalance, 
but enlargers also employ systems using springs 
instead. 

The head may be raised by a rack and pinion 
mechanism or a friction wheel drive. Another 
method is to move it up and down by a lead 
screw and nut in the same way as the tool rest 
of a lathe is moved along the bed. 

In some enlargers the head is attached to the 
column by two sets of parallel links pivoted at 
each end so as to allow the head to move up 
and down while its axis remains vertical (this 
is commonly called a parallelogram movement). 
The weight of the head is counter-balanced so 
that very little effort is neaded to raise it. A 
clamping screw holds the head firmly once it 
has been set at the desired height. This arrange- 
ment usually incorporates an automatic focus- 
ing mechanism coupled to the link motion in 
such a way that the image on the easel remains 
sharp over the whole range of movement of 
the head. 

The head of the enlarger can usually be swung 
to the other side of the column so that the image 
can be projected over the edge of the bench to 


give extra big enlargements. On some enlargers 
the head can be turned through a right angle 
so that it projects the image horizontally. This 
turns the enlarger into a horizontal type with a 
maximum scale of enlargement limited only by 
the length of the printing room. 

Commercial enlargers that have to handle 
both large and small negatives with a wide 
range of magnifications often have the head 
mounted on vertical rails fastened to the wall, 
or on twin tubular columns extending from 
floor to ceiling. This arrangement gives the 
necessary rigid support to the larger type of 
head required for such work. In such enlargers 
both the head and the easel can be moved up or 
down on the guide rails by handles coupled 
through bevel gears to associated vertical lead 
screws. 

A similar mechanism is used on the larger 
horizontal enlargers for adjusting the relative 
positions of the body and the easel. 

Easel. The easel supports the printing paper and 
must therefore be flat, rigidly held in relation 
to the enlarging head, and at right angles to 
the axis of projection. 

There is a basic difference between the easel 
of a vertical and a horizontal enlarger. The easel 
of a vertical enlarger is horizontal, so there is 
no difficulty in arranging the paper on it in any 
required position with respect to the projected 
image. Once in position, the paper can be held 
down by a sheet of glass, or by pins at each 
comer or by a masking frame. So in this case 
the easel is simply a flat board or sheet of 
metal which also forms the support for the 
column. Some manufacturers give the board a 
white finish so that the whole image can be 
focused on it, others prefer a black finish to 
cut down the light reflected by the unwanted 
parts of the image and thus reduce the risk of 
fogging the paper. When the surface of the 
board is black, the image must be focused on a 
piece of white paper of the same size as the 
proposed enlargement. 

Paper holders for vertical enlargers have a 
white finish and an adjustable masking frame 
which can be set to the paper size. The image 
is first adjusted and focused on the masked area 



TILTING EASELS. Left: Loose paper board tilted by raising 
support at one side. Right: Paper holder mounted on a uni- 
versal ball-and-socket joint for free tilt in all directions. 
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of the empty holder; the paper is then inserted 
and the exposure made. Sometimes the easel is 
covered with a layer of cork so that the paper 
can be held in place with pins. Another method 
is to coat the surface with a suitable, per- 
manently tacky adhesive which holds the 
paper in place but allows it to be stripped ofT 
after exposure. 

The easel of a horizontal enlarger is a more 
elaborate affair because it must incorporate the 
paper holder and allow the position to be 
adjusted. The usual horizontal enlarger easel 
consists of a stand holding a glass-fronted 
frame which is pivoted so that it can be either 
horizontal or vertical. The glass front is 
hinged to allow the paper to be inserted. The 
frame is fixed by a bolt in a vertical slot in the 
stand; when the bolt is slackened off, the 
frame can be raised, lowered or turned to bring 
the image into the required position. The front 
of the easel is white with black lines marking 
out the boundaries of the various sizes of 
printing paper. 

To use an easel of this kind, it is first placed 
at the right distance to give a sharp image of the 
required size. The frame locking-bolt is slack- 
ened off and the frame moved about until the 
image occupies the rectangle corresponding to 
the paper size. The frame is locked, swung 
horizontal and the glass front opened. A piece 
of paper is laid in position and the frame is 
closed and returned to the vertical for the 
exposure. It may be locked at any intermediate 
angle for correcting converging verticals. 

This type of easel may also be faced with 
cork or adhesive instead of glass to allow the 
paper to be pinned or stuck in position. 

An adhesive support for the paper during 
enlarging can be made by pouring a layer of 
jelly into a shallow tray of suitable size. The 
ready-made composition used in “jellygraph” 
duplicators is excellent for the purpose, or a 
home-made substitute can be prepared as 
follows: 

Soften 1 ounce (25 grams) of leaf gelatin by 
soaking in water for 24 hours. Drain off the 
water, pour over 6 ounces (150 c.cm.) of 
glycerine and heat in a double saucepan until 
the gelatin dissolves. A few drops of oil of 
cloves is added to prevent the mixture from 
deteriorating. The warm gelatin is poured into 
the tray and left to set. When cold the surface 
will be tacky enough to hold single weight 
paper firmly in position but it is not so success- 
ful with double weight papers. 

After a time the surface may lose its tacki- 
ness by being covered by a film of grease or 
dust, but it can be restored by simply melting 
the mixture and allowing it to set again. This 
type of paper holder is particularly useful with 
horizontal enlargers where the paper must be 
held on a vertical surface. 

Horizontal Enlarger. In principle there is no 
difference between a vertical and a horizontal 
enlarger. The horizontal arrangement was the 


first to be used, being simply an adaptation of 
the existing “magic lantern” type of slide pro- 
jector. Horizontal enlargers are not manu- 
factured for the smaller and more popular 
negative size because the layout takes up 
much more space than the vertical arrangement, 
the paper is more difficult to control, and the 
image is not so easy to examine. The only 
remaining horizontal enlargers are those 
specially made for the larger plate formats — 
e.g., in photomechanical work, document 
copying and commercial and professional 
studios — where the weight of the assembly 
makes the vertical construction expensive. 
Even so, because of the greater convenience in 
use and saving of space, the vertical arrange- 
ment is often preferred, notwithstanding the 
extra cost, even for the largest instruments. 

The lamphouse of the typical horizontal 
enlarger is simply an oblong box housing a 
reflector, light source and condenser. A light- 
trapped chimney on top of the box carries off 
the hot air. This type of house allows a variety 
of non-electric light sources to be used. The 
negative carrier on a horizontal enlarger is 
often equipped with movements that allow the 
negative to be rotated to level up the horizon 
and fitted to correct converging verticals. The 
lens panel is connected to the body by a bellows 
and is moved forward or backward by a rack 
and pinion mechanism. 

The whole assembly is attached to the end 
of a pair of wooden or metal rails which carry 
the easel and keep it at right angles to the pro- 
jection axis. Adjustment of the scale of the 
image is carried out by sliding the easel along 
the guide rails. 

Horizontal enlarger design has remained 
practically unchanged for the past fifty years. 
The demand for this type is not great enough to 
justify the cost of press tools or moulds so the 
few that are made are hand built on the old 
pattern. Even when the horizontal arrange- 
ment is more convenient — e.g., for making 
photomurals or other giant size enlargements — 
most workers prefer to use the head of a 
vertical enlarger to project the image and, in 
fact, many vertical enlargers are designed to 
allow the head to be turned through 90° for 
this purpose. 

Fixed Focus Enlarger. The fixed focus enlarger 
(now practically obsolete) is simply a vertical 
enlarger designed to gives a standard size of 
enlargement — e.g., post-card — from one parti- 
cular size of negative. It is usually made of the 
cheapest materials and components and built 
down to a price. The object of this type of 
instrument was originally to overcome the 
reluctance of the ordinary non-technical snap- 
shooter to buy a miniature camera. The nega- 
tives produced disappointingly tiny contact 
prints and this type of user was not prepared to 
go to either the trouble or expense of making 
enlargements. The fixed focus enlarger gave 
him pictures big enough for his purpose 
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with no more trouble than contact prints. 

The arrangement was simply a long conical 
light-tight box with an opal lamp and diffuser 
at the narrow end and a paper holder at the 
opposite end. There was a slot for the negative 
holder and the lens was mounted in the centre 
of a suitably placed light-tight partition. 
Daylight Enlarger. A special type of fixed-focus 
enlarger has no lamphouse, its place being taken 
by a sheet of opal diffusing glass. When pointed 
towards the daylight an enlarged image of the 
negative is projected on to a sheet of bromide 
— or even print-out-paper — in the opposite end 
of the box. The paper is inserted and removed 
in the darkroom. Some larger models were even 
built into a darkened room with the negative 
receiving daylight through a hole in the wall. 
Enlargers of this type are not made today. 
Enlarging Adaptors. Various forms of adaptor 
have been manufactured in the past for con- 
verting a plate camera into an enlarger. The 
usual design consists of a lamphouse, con- 
denser and negative holder which is attached 
to the camera in place of the plate back. The 
focusing extension of the camera must be great 
enough to allow a range of movement up to a 
distance of twice the focal length of the lens 
from the negative. 

The advent of the cold cathode grid light 
source for enlarging has made it possible to 
design a compact adaptor in which the lamp- 
house is reduced to a shallow square box hous- 
ing the discharge tube. 

Another type of adaptor, now obsolete, 
enabled a plate camera body to be fitted to an 
aperture in the window blind of the darkroom. 
A sloping white-painted board outside the 
window reflected the sky light through the 
aperture and illuminated the negative in a 
holder fitted in the back of the camera. This 
arrangement went out of use as soon as electric 
lamps became available, but it is still em- 
ployed by workers remote from electricity 
supply services. Like all daylight printing 
methods it suffered from the variable nature of 
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the light and the fact that no work could be 
done during the hours of darkness. 

Enlargers for Colour. Most systems of making 
colour prints from colour negatives involve 
correction of the colour of the printing light 
and possibly of the colour balance of the nega- 
tive to obtain a correctly graded print. This is 
achieved by means of filter foils which are 
best placed between the lamp and the con- 
denser of the enlarger. Enlargers have there- 
fore been designed which incorporate a filter 
tray, or some similar arrangement, to facilitate 
the use of filters in this way. 

A more advanced type of enlarger has 
graduated cyan, magenta, and yellow filters 
built into the head. External controls are pro- 
vided to vary the position of each filter in the 
light beam, thereby adjusting the amount of 
each colour and the over-all colour balance. 

Colour enlargers are also usually equipped 
with an illuminated magnification scale, and 
frequently with a built-in voltage control unit 
to maintain constant colour temperature. 
Electronic Enlargers. Some advanced modern 
enlargers use a flying spot scanner — an electron 
beam moving over the SUrface of a cathode ray 
tube — as the light source. This exposes the 
image spot by spot, rather like the scanning 
system of a television screen, instead of all at 
once. The light passing through the negative is 
monitored by a photo-multiplier tube connected 
to an electronic circuit which cuts off the 
exposure when sufficient light has passed to 
produce a correctly exposed print. The monitor- 
ing photo-multiplier circuit can also control the 
intensity of the beam at any point of its travel, 
thus providing automatic contrast control. 
Special colour enlargers working on this prin- 
ciple also exist. F.P. 

See also: Collier effect ; Contrast Control; Enlarging 
filter ; Enlarging lens; Paper holder. 

Books; All About Building Your Own Enlarger, by 
G. Catling (London): Enlarging, by C. I. Jacobson 
(London); Making an Enlarger, by Hugo van Wadenoyen 
(London). 


ENLARGING 


Projection printing or enlarging on develop- 
ment papers requires comparatively expensive 
enlarging equipment. 

Exposures must be found by trial, and the 
prints go through a standard routine of develop- 
ment and fixing, similar to that used for the 
negative. 

Large quantities of enlargements of the same 
size can be made from the same, or similar, 
negatives at about the same rate as they can be 
printed by contact. But the rate is far less for 
prints of different sizes from different negatives 
where separate exposure tests are necessary. 

The prints can be made in any size or format, 
and from the whole or part of the negative. In 


projection printing the appearance of the 
finished print can be controlled within wide 
limits by the choice of paper surfaces, individual 
technique, and the use of accessory equipment. 
Special devices, like image distortion and 
combination printing, can be employed. 

The image colour can be black, or warm- 
black to red-brown with warm-tone papers. 
T oning processes can produce any other colour. 

Enlarging papers are made in a number of 
grades, so that acceptable prints can be made 
from negatives of almost any contrast. 

Enlarged prints are made by projecting the 
negative image on to the printing paper in an 
enlarger. Many enlargers can be used for 
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SEQUENCE OF ENLARGING STAGES. 1. Sort out negatives, 
discarding mry that on unsuitable for enlarging due Co obr taa 
faults. 2. Place the selected negative In the carrier. 3. Adjust 
magnification and focus of the enlarger. 4. Make a test strip 
Co establish the eorrect exposure necessary. 5. Locate printing 
paper on bmbaard (e-f., by meant of a suitable making 
frm no), and expose far the time suggested bf the test strip 
after development. 6. Process the exposed enlargement 
[develop, rinse, fix, wash, and dry). 
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same-size printing, and some even for reduction, 
e.g., for making lantern slides or film strips 
from larger negatives. 

Enlargements are usually made on bromide 
or fast chlorobromide paper. Such papers are 
sensitive to ordinary artificial lighting or day- 
light and must be handled and practised only 
under an orange or olive-green safelight. 


SE1 UNO UP THB ENLARGER 

The steps in making enlargements fa 1 into 
two basic operations: setting up the enlarger, 
and making the exposure — after which the 
print is processed. 

When setting up the enlarger, it is quicker 
and better to follow a routine procedure. 

Sorting the Negatives. Negatives for enlarging 
must be selected even more critically than for 
contact printing. Slight unsharpness that passes 
unnoticed in a contact print shows up distinctly 
in an enlargement, and pinholes, grain, scratches, 
and other flaws become much more noticeable. 

By carefully examining the negatives under a 
magnifying glass, or even by projecting them in 
the enlarger on to a white sheet pinned to the 
base-board, they can then be graded in contrast 
and density groups. 

The best negatives for enlarging are rather 
thin and soft. Those which have been given 
full exposure and development are usually 
contrasty and grainy. 

Grossly under-exposed negatives with essen- 
tial shadow detail missing are, however, not 
suitable for enlarging. 

The negatives selected for use should then 
be classified according to the paper grade 
required. 


NEGATIVE CONTRAST AND PAPER GRADE 


Negative 

Contrast 

Appearance of 
Highlights 

Negative 

Shadows 

Paper 

Grade 

Very low 

Very similar in density usually 
fairlv thin 

Ultra hard 

Low 

Medium 

Thin 

Hard 

Medium 

Normally Thin but full 

dense of detail 

or 

Vary dense Medium 

Normal 

Hifh 

Dense to 
very dense 

Fairly thin 
butfull of 
detail 

Soft 

Extrams 

Very dense, 
almost 
blocked up 

Thin, may lack 

detail 

altogether 

Extra soft 
(negative 
frequently 
unprintable) 


Negatives within each class should also be 
graded according to density, so as to keep 
negatives requiring similar exposure times 
together. The density level as such does not 
affect the paper grade required, which depends 
solely on the negative contrast. Thus a soft or 
very soft negative may be quite dense (e.g., if 
it was over-exposed) althqugh low image 



contrast is more often due to under-develop- 
ment and tends to go with thin images. 

Under-exposed negatives also appear thin 
and soft (unless greatly forced during develop- 
ment) since the maximum image density is low 
by comparison with the fog level. Printing on 
a hard paper grade will distort the tone scale, 
but is the only way of producing a reasonably 
presentable print 

For judging both contrast and density a 
useful aid is a collection of standard negatives 
of the appropriate contrast groups and of four 
or five degrees of density. After ascertaining 
the correct paper grade and a relative exposure 
for each, these can be mounted between glass. 
Such a set will serve for direct comparison with 
any new negative to be printed. In estimating 
the negative quality, the film or plate is best 
observed against a well diffused light source 
(e.g., a light box or the light 'reflected from a 
pale coloured wall), holding the negative at 
the same distance from the light every time. 
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Observation against a direct source (such as a 
bare lamp) is misleading. 

An alternative method of judging the image 
is to lay the negative down on a page of a book 
printed on white paper. A normal negative of 
average contrast should show good tone and 
detail, with some density even in the thinnest 
parts, and the text underneath should be just 
readable through the densest areas. Similar 
examination of other negatives will show 
whether the highlight density (which can be 
used to estimate exposure) is higher or lower. 
It will also show whether the contrast (as 
indicated by relative density of highlights and 
shadows) is greater or less. 

Usually it will be possible after some experi- 
ence to dispense with most of these aids to 
judging negatives. 

Loading the Negative Carrier. Before loading 
both the negative and the glasses (if any) of the 
negative carrier should be cleaned to remove 
as much dust as possible. 



NEGATIVE AND PA PEA CONTRAST. To obtain a well-graded print, t ho poper contrast used must bo matched to the nefotiVe 
gradation. Top loft: Contrasty negative with very dense highlights and thin or very thin shadows. This needs a soft paper grade to 
accommodate the full density range. With a normal paper the result would be distinctly hard, and with a hard paper the Image 
would be almost devoid of tonal gradation. Centre left: Normal negative showing average tone scale. This will yield the best print 
on medium or normal paper erode. Bottom left: Safi negative with comparatively small tone differences between even the extremes 
of light and shade in the subject. A hard ( and sometimes extra hard ) paper grade Is required to separate the tone values. 
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Glass surfaces are best cleaned with a soft 
cloth or chamois leather. If the glass is breathed 
on and the film of moisture appears quite even 
without any streaks or patterns, the surface can 
be accepted as being clean. Rubbing and 
polishing glass has the undesirable effect of 
charging it with static electricity and making it 
attract dust particles. So immediately before 
use, the negative and each glass surface is 
gently dusted with a clean, soft brush specially 
kept for the purpose, and then wiped over with 
the dry ball of the thumb. This discharges any 
static electricity on the surface, and removes 
the last traces of dust. 

The details of the loading procedure depend 
on the design of the negative carrier. 

The negatives are inserted with the emulsion 
side facing the lens. If they are loaded wrong 
side down, the projected image will be reversed 
left to right, but it will not suffer in any other 
way. The image may be deliberately reversed 
in this way for better pictorial effect so long as 
the picture does not contain anything that 
obviously reveals the trick, e.g., printing. 

The edges of the negative should be com- 
pletely masked in the carrier so that no stray 
white light can fall on the base-board. 

Some enlargers incorporate adjustable masks 
which can be moved in or out to mask off the 
negative area required. 

Focusing. With focusing enlargers where the 
image size is adjustable, the picture has to be 
focused for each size of enlargement. This is 
done in much the same way as on a camera 
by moving the lens forwards and backwards 
until the image appears sharp. 

The image is observed on a sheet of white 
paper held exactly where the bromide paper will 
be held when the enlargement is being made. 
It is absolutely necessary for the surface of the 
white paper to occupy the same position as the 
emulsion of the bromide paper, so that the 
image on the final print will be sharp. If any 
type of paper holder or masking frame is used 
for the bromide paper, it must also be used to 
hold the paper on which the image is focused. 

The enlarger head is moved up or down the 
column until the projected image of the negative 
(or the selected part of the negative) is about 
the right size. The lens is then focused until the 
image is reasonably sharp, and the size of the 
picture is checked. If it is too large, the enlarger 
head is lowered; if too small, it is moved up the 
column and the image is again focused sharply. 

For fine focusing, the lens is moved until the 
image just passes the point of maximum sharp- 
ness. This position is noted and the lens is 
moved in the opposite direction until the image 
again just begins to be unsharp. By successive 
up and down movement, these limits of sharp- 
ness are brought as close together as possible. 
Finally, the lens is set half-way between the 
two limits. 

There are several devices available f or getting 
over the difficulty of focusing dense or flat 


negatives where the image is either too faint or 
not contrasty enough to be seen clearly. Such 
devices are called focusing aids. 

There are two kinds of focusing aid : separate 
accessories and built-in devices. 

The accessories include focusing negatives 
and ground glass viewing devices. 

A focusing negative is a piece of black film 
carrying fine transparent lines, crosses and 
circles, extending over the whole negative area. 
The clear, distinct lines are easy to focus, and 
once the position of maximum sharpness, has 
been found, the negative is removed and the 
film or plate to be enlarged is inserted in the 
carrier in its place. 

Provided that nothing is allowed to shift 
when the substitution is made, the resulting 
enlargement should be the sharpest that can be 
made from the negative. 

The same purpose can be served by inserting 
the tom edge of a sheet of blotting paper in the 
negative carrier, and focusing the image of the 
fine paper fibres. 

Screen focusing devices usually consist of a 
stand which holds a mirror and a ground glass 
screen. When the stand is placed on the surface 
of the paper on the enlarger easel or in the 
paper carrier, the mirror reflects part of the 
image on to the ground glass screen. The 
screen is set at a convenient angle for viewing, 
and the dimensions of the device are arranged 
so that the distance travelled by a ray of light 
falling on the ground glass surface is exactly 
equal to the distance it would have travelled if 
it had been allowed to fall on the surface of the 
paper. So if the image is sharply focused on the 
screen, it will also be sharp on the print. Most 
focusing devices of this sort incorporate a 
focusing magnifier. 

Another focusing accessory consists of a 
strip of black paper mounted in a holder to 
fit over the centre of the lens. The two halves of 
the lens each form distinct images. These two 
images merge into one when the negative is 
accurately f ocused. 

Some enlargers have a calibrated scale on the 
column, and a second scale on the lens mount 
or on the focusing rack. When both scales are 
set to the same value, the lens is sharply f ocused. 
The enlarger head is set for the required magni- 
fication against the scale on the column, and the 
lens is then set to the same figure. 

Other enlargers are equipped with a built-in 
rangefinder. This projects two spots of light 
on to the baseboard and the image is focused 
by adjusting the lens until the spots coincide. 

Automatic enlargers cut out the whole 
procedure of focusing. They are set once only 
for the lens to be used. After that, raising and 
lowering the lamphouse increases or decreases 
the picture size, and focuses the image at the 
same time. L.A.M. 

Same-size or Reduced Prints. The enlarger can 
be used not only for its basic purpose of pro- 
ducing larger size pictures but also to make 
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prints of the same size as the original negative, 
or even to a reduced scale. 

This method is valuable when it is necessary 
to be able to hold back or bring out certain 
portions of the negative by dodging or any 
other method of control to which contact 
printing does not lend itself. In enlargers 
which have bellows or focusing mounts where 
the total extension between lens and negative 
is twice that of the focal length of the lens — 
e,g., giving a 6 ins. extension with a 3 ins. 
lens — it is possible, without any further aids, 
to project an image the same size as the nega- 
tive on to the baseboard. Many enlargers, 
however, do not cater for this long extension. 
In most instances this can be overcome by in- 
serting an extension tube between lens and 
lens panel. 

If a reduced size print is required — e.g., when 
making photographic miniatures — an even 
longer extension is necessary. While it is possible 
to provide this by inserting an extension tube 
between the lens and lens panel, the method 
may be limited by either the diameter of the 
lens mount or of the extension tube. One of 
these may cut off the comers so that the whole 
of the original negative is not reproduced. The 
amount of extension from negative to lens 
required when reducing the negative to give an 
image one-half smaller is equal to three times 
the focal length of the lens. To reduce a nega- 
tive to one-third of its original size an exten- 
sion of four times the focal length is needed. 

The above methods of printing same-size or 
on a reduced scale are useful when making 
transparencies from larger negatives — e.g., to 
suit a miniature projector. It is only necessary 
to substitute lantern plates or positive film for 
the paper on the baseboard. W.D.E. 

EXPOSURE 

In enlarging, the correct exposure is usually 
found by the aid of a test strip, a step wedge, 
a photometer, or by density measurements 
carried out on the negative. 

Test Strips. Exposure is generally determined 
by making a test strip. For this, a piece of the 
actual paper on which the enlargement is 
to be made is exposed in sections on the 
enlarger base. Each section is given a longer 
exposure than the one before, and the correct 
exposure is based on the appearance of the 
developed strip of paper. 

Procedure. (1) The enlarger is adjusted for the 
required print size, and the negative is focused 
in the normal way. 

(2) The orange filter is placed over the 
enlarger lens and the lamp is switched on. The 
white light is then switched off and a strip of 
the enlarging paper to be used is held flat on 
the base-board where it includes the most 
important part of the image. (A part should be 
selected with as full a range of tones as possible, 
from the brightest highlights to the deepest 



MAKING A TEST STRIP. Arrange a strip af the enlarging paper 
on the baseboard so that it covers a picture area with a wide 
range of image tones. Expose for S seconds, and cover up 
a small section of the strip with an opaque card. After a total 
of 10 seconds cover a further section of the strip, fallowing up 
after 20, 40 and 80 seconds from the beginning of the exposure. 
After processing the strip should show one section of reason- 
ably correct exposure. A further strip covering a narrow 
exposure range will pinpoint the exact time required. 
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shadows, over the whole length of the strip. 

(3) The orange filter is swung out of the way, 
and the whole strip exposed for, say, 2 seconds. 

(4) The enlarger lamp is switched off, and 
half an inch or so of the strip is covered with 
an opaque card. 

(5) The enlarger lamp is then switched on 
again for 2 more seconds. 

(6) The above procedure is then repeated with 
increasing exposures of 4, 8, 16, 32, etc., seconds 
until the whole strip has been covered. 

The whole strip has now received a series of 
exposures of 2, 4 (2+2), 8 (2+2+4), 16 
(2+2+4+ 8), 32 (2+2+4+8 + 16), etc., sec- 
onds. Thus each section of the strip receives 
twice the exposure of the section before it. 

After processing the strip should show one 
correctly exposed step. Its exposure time is 
then the correct exposure for the final print. 

Where the correct exposure lies between two 
consecutive steps, a second test strip may be 
made to cover this range only. Thus between 
8 and 16 seconds, the intermediate steps would 
be 10, 12, and 14 seconds. This second strip 
pinpoints the exact exposure. 

But if all the sections are too light, a further 
test strip must be made, starting at the last 
exposure on the old strip. If this gives an 
inconveniently long time for the correct 
exposure, the light must be increased by either 
increasing the lens aperture or using a more 
powerful lamp in the enlarger. 

If all the sections are too dark, there is no 
pointin making another test strip with exposures 
shorter than 2 seconds. Exposures as short as 
this are normally much too short to be timed 
conveniently or accurately. The solution is to 
use a smaller lens aperture or a weaker lamp, 
and adjust matters to give a correct exposure of 
about 10 seconds. 

Where the approximate exposure is known 
from experience, or can be arrived at by other 
means, one strip covering a narrower range is 
sufficient. For instance, where the exposure is 
known to lie between 8 and 32 seconds, the 
test steps of 8, 10 (8+2), 13 (8+2+3), 16 
(8+ 2+3+3), 20 (8+2+3 + 3+4), 26 (etc.) 
and 32 seconds, would be suitable. 

Step Wedge Tests. The test strip can be pro- 
duced in one operation by using a step wedge in 
the shape of a strip, circle, or square of film 
printed with sections of progressively increasing 
density. The density of each section is arranged 
so that the paper under it receives a known 
proportion of the total exposure. 

Tne wedge is placed over a piece of the 
enlarging paper on the base-board, and the 
negative image is projected on to it for a fixed 
time — e.g., 1 minute. After processing the test 
piece should show one correctly exposed 
section. Once the section is known, the equiv- 
alent exposure that it has received can be easily 
calculated. 

On some step wedges used for enlarging, 
each step is printed with the appropriate 
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fraction of the total exposure that it gives. 
Sometimes each step carries a code letter which 
shows on a calculator disc the exposure 
equivalent to any over-all exposure. 

If all the steps on the exposed test piece are 
too light or too dark, the over-all exposure is 
increased or decreased accordingly. 

Exposure by Photometers. A grease-spot photo- 
meter can be made to give the correct enlarging 
exposure and paper grade. For this purpose it 
must be used in coqjunction with a set of 
specially prepared grey scales, one of which 
must be made for every grade and type of 
paper used. 

To prepare a grey scale, the enlarger is first 
adjusted (with no negative in the carrier) to 
give a standard photometer brightness reading 
on the easel. 

A strip of each enlarging paper is then given 
a series of exposure steps as for a test strip. In 
this case each step is given about 1£ times the 
exposure of the one before: 2, 3, 4, 6, 8, 12, 16, 
etc., to 360 seconds. After processing, the strip 
should show a full range of tones from white 
paper to completely black. If the steps are all 
too light or too dark, the brightness of the 
illumination used for the grey scales will have 
to be increased or decreased accordingly. 

The grey scales can also be made by exposing 
the paper under a step wedge, although most 
enlarging step wedges do not cover a wide 
enough range. 

The grey scale is mounted on a card, and 
each step is marked with a tone factor. The 
tone factor is calculated by dividing the 
standard light strength as measured by the 
photometer by the exposure in seconds that 
the section has been given. 

The contrast range covered by the strip and 
full particulars of the make and grade of the 
paper are written on the card. The contrast 
range is determined by taking the tone factor 
for the lightest tone — the first grey step — and 
dividing it into the tone factor of the first lull 
black: i.e., the contrast range is the ratio: 
Exposure given to first full black 
Exposure given to first grey scale step. 
Determining Paper Grade. The negative is 
focused in the enlarger in the usual way and the 
brightness of the lightest and darkest parts of 
the projected image is measured with the 
photometer. 

The ratio of these two brightness readings is a 
measure of the contrast range of the negative. 

The grade of paper needed to include all the 
tones of the negative must have the same con- 
trast range as the negative. So once the ratio 
has been measured, it is only necessary to pick 
out the grey scale with the same contrast 
range; the grade of paper on which the grey 
scale is printed will be the coma grade for 
the negative in the enlarger. 

Determining exposure. To find the exposure 
needed, the photometer reading for the darkest 
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part of the negative is divided by the tone 
factor for the first grey step on the grey scale. 
The very lightest parts of the negative will then 
print black, with all the intermediate tones 
naturally falling into place. 

For example, say the reading of a directly 
calibrated photometer for a negative are 120 
in the darkest and 10 in the lightest areas. The 
contrast range is 12 : 1, and a paper with a grey 
scale which indicates such a contrast range — 
probably a grade 3 or hard paper — would be 
chosen for the print. If its highest tone factor 
is, say, 8, the correct exposure time needed is 
1 20 -r 8, or 1 5 seconds. 

A new set of grey scales must be printed for 
each new batch of paper, because paper speeds 
may vary from batch to batch. And it is 
advisable to print new scales after every year 
or so that the paper is stored to allow for loss 
of speed with age. 

Once the grey scales have been made, there 
is no need to make test strips or trial exposures. 
The method mainly relies on the accuracy of 
the photometer readings, and on rigidly stan- 
dardised processing — i.e., full development in 
an accurately made-up standard developer. The 
same developer must be used for the grey 
scales as for the actual prints. 

Use of Density Measurements. The correct ex- 
posure can be arrived at by measuring the range 
of densities in the negative by a densitometer, 
or specially adapted photo-electric exposure 
meter. 

Density measurements made in this way 
can be used to determine both the exposure 
and the grade of paper needed to give an 
acceptable print from any negative. A set of 
standard test prints is made with a negative of 
known density and contrast. The standard 
prints relate the densities of the negative to 
actual print exposures at a given magnification 
and lens stop. From this information exposures 


at different magnifications and lens stops are 
calculated. 

The relationship between the measured 
densities of the standard negative and any 
specimen negative is the same as the relation- 
ship between the exposure needed for any 
particular print in the prepared series and a 
similar print made from the specimen negative. 

But the conditions in which such density 
measurements are made are quite different 
from those in an enlarger. The effective contrast 
range of the negative, for instance, is not 
necessarily the same as that measured by the 
densitometer. The difference depends largely 
on the enlarger illumination used ; it may even 
call for a different grade of paper from that 
indicated by the densitometer leadings. 
Exposure at D iff er e n t Magnifications. \ 
change from one degree of enlargement to 
another demands a corresponding change in 
exposure time. The exposure must be increased 
when the scale of enlargement is increased, and 
vice versa. 

The table above gives approximate values 
at different magnifications. It applies to normal 
condenser enlargers with semi-diffused lighting. 
With enlargers which have fully diffused 
illumination, the variation of the exposure time 
with the degree of enlargement is slightly 
greater. 

Effect of Lew Stop*. When the time for the 
correct enlarging exposure is inconveniently 
short for accurate timing— e.g., if it is 3 seconds 
or less — it can be extended by using a smaller 
lens stop. And exposure times at high magni- 
fications can sometimes be shortened by open- 
ing up the lens aperture. But the change in 
exposure cannot be calculated by using the 
/-numbers marked on the aperture ring. 

The optical system of some atlargers tends 
to direct more light through the centre than 
through the outer regions of the enlarging lens 


405 





ENL 


EXPOSURES AT DIFFERENT APERTURES 
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For this reason the light passed by the lens does 
not always vary in strict proportion with the 
size of the stop. 

Some enlarging lenses have the stops marked 
in direct values: 1, 2, 4, 8, 16, in accordance 
with the actual measured amount of light that 
they pass at the various diaphragm settings. The 
numbers show the relative exposure at each 
stop without further calculation. 

Where the lens stops are marked in /-numbers 
(which are not directly proportional to the 
light passed) the exposure times at the various 
stops can be found from the table above. 

This table applies only to enlargers with 
semi-diffused or fully diffused illumination. 
With condenser enlargers which have a point 
source of illumination the differences are 
smaller, and also depend on the degree of 
enlargement. 

Checking the Paper Grade. The approximate 
paper grade is decided beforehand when the 
negatives are classified, but it must be checked 
by actual trial. 

Once the correct exposure has been found 
by the method chosen, a small test piece or 
even the test strip itself will show whether the 
grade chosen is suitable. Different grades of 
the same paper usually require different 
exposures, so a second test strip will usually 
have to be made to find the correct exposure 
for the new grade. 

Making the Exposure. The exposure is con- 
veniently made by switching the enlarger light 
on and then switching it off at the end of the 
required time. 

The paper is placed in the paper holder or 
masking frame and positioned with the lamp 
switched on and the orange filter in front of 
the lens. The lamp is then switched off, the 
orange filter swung out of the way, and the 
lamp switched on again for the exposure. 

With almost all enlargers there is a risk of 
vibration, certainly at high degrees of magni- 


fication. And if the enlarger head is moving in 
relation to the baseboard during the exposure, 
the picture will not be sharp. So it is advisable 
to allow time for any vibration to die down 
before switching on. For the same reason 
neither the enlarger nor the table it stands on 
should be touched or shaken during the 
exposure. 

The practice of controlling the exposure with 
the orange lens filter while the enlarger is 
switched on may also cause vibration, and the 
same applies to lamp switches that are fixed to 
the enlarger base-board. 

Vibration can also be caused by people 
walking about in the room or on the same floor 
during the exposure (particularly if the dark- 
room is on an upper floor). It may even be 
necessary to switch the enlarger off temporarily 
during the exposure while heavy traffic is 
passing in the street outside. Another way of 
interrupting the exposure is to hold a piece of 
black card in front of the lens until the vibra- 
tion has ceased. 

Shading and Spot Printing. If areas of the 
negative are too dark or light to print satis- 
factorily, the exposure that the paper receives 
may be selectively modified. 

This is commonly done by cutting out card- 
board of the desired shape and holding it over 
the paper during part of the exposure in the 
case of shading, or using it as a mask for addi- 
tional local exposure in the case of spot print- 
ing. With both methods, the card must be 
moved slightly during the exposure to avoid 
printing as a sharp edge. 

With electronic enlargers shading can take 
place automatically to pre-determined degrees. 

LARGE PRINTS 

Most enlargers are designed to give enlarge- 
ments of at least 12 x 1 5 ins. from the whole 
negative with the lamphouse at the top of 
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the column. This size is as big as most ama- 
teurs normally wish to print, but occasionally 
they may want to make an enlargement bigger 
than this, or to enlarge only a part of the 
negative to this size. In either event, if 12 x IS 
ins. is the normal limit of the enlarger, some 
special arrangement must be made to increase 
the scale of reproduction. There are two ways 
of doing this: by using a lens of shorter- 
than-normal focal length, and by increasing 
the lens-to-paper distance. 

Short Focus Lens. The scale of enlargement can 
be increased by substituting, say, a 2 ins. 
(5 cm.) lens in an enlarger normally designed 
for a 3 or 4 ins. (7-5 or 10 cm.) lens. But 
must be possible to bring the lens to within 
2 ins. of the negative, and if the focusing 
scale does not permit this, the new lens must 
be fitted in a recessed adaptor on the lens 
panel. Often this arrangement means that the 
iris diaphragm control is out of reach of the 
fingers and a special adaptor has to be added to 
make adjustment possible. 

But even when the negative can be focused, 
if the new lens is a normal type its shorter 
focal length will also mean that it will cover a 
smaller area of the negative. So the arrange- 
ment will not work if the whole of the negative 
is to be enlarged. To enlarge the whole nega- 
tive, a wide angle lens would be required — i.e., 
one with a covering power greater than that of 
a normal lens of the same f ocal length. 

The arrangement has other drawbacks — 
e.g., the focal length of the condenser will no 
longer accord with the new negative-to-lens 
separation, and the lamp may be too close to 
the condenser. In theory these factors upset the 
even illumination of the negative, but in prac- 
tice the lamp can generally be adjusted, or 
provided with extra diffusion, to give reason- 
ably uniform lighting over the whole area. 

A 2 ins. (3 cm.) lens used in this way in an 
enlarger normally designed for a 3 ins. (7-5 
cm.) lens would give a picture 1 i times bigger 
than normal each way — i.e., instead of a 
12 x 15 ins. picture, the new size would be 
18 x 22\ ins. (46 x 57 cm.). 

IncroLsIng Lens-Paper Separation. The height 
of the enlarger column sets the limit on the 
size of the enlargement that can be made with a 
given lens. But there is no limit to the size so 
long as the paper can be placed far enough 
away from the lens. Most enlargers are designed 
so that the enlarger head can be swung around 
through 180° on its column to allow the 
image to be projected off the baseboard for 
this purpose. The baseboard is weighted — 
e.g., with a pile of books — and the enlarger is 
placed near the edge of the table or bench with 
the head pointing down at the floor. The paper 
is then either exposed on the floor or, if the 
separation is too great, on a box or the seat of 
a chair. 

Some enlargers are made so that the head 
can be turned to project the image horizon- 


tally. In this case the paper is either pinned to a 
board or sheet of card against the wall, or 
held in the type of easel manufactured for use 
with horizontal enlargers. 

When big enlargements are made in this 
way, the risk of blur from vibration is greatly 
increased because the effect of relative move- 
ment between lens and paper increases in pro- 
portion to the separation and because lens 
and paper are independently supported instead 
of being on a single rigid structure. 

The moral is simply to take every possible 
precaution against movement during exposure. 
If the lamp switch is on the enlarger instead of 
in series with the flex, there is always a risk 
that switching on will set the head vibrating. 
So it is wise to hold a piece of black card in 
front of (but not touching) the lens for some 
seconds after switching on the lamp, and then 
to make the exposure by uncovering and cover- 
ing the lens with the card when everything has 
settled down. And unless the darkroom has a 
concrete or similar type of solid floor, no one 
should walk about during the exposure. 
Exposure. The exposure for big enlargements 
is apt to be lengthy because the intensity of 
the light falls off in proportion to the square 
of the distance between the lens and paper — 
i.e., doubling the distance calls for a four times 
increase in exposure. During a long exposure 
there is a greater risk of accidental movement, 
and any light leaks or unsafe darkroom light- 
ing are more likely to fog the paper. So it is 
as well to keep the exposure as short as pos- 
sible by other means. 

One way is to make the exposure at the 
widest lens aperture that will give sharp defini- 
tion over the whole picture area. If only a part 
of the negative is being enlarged in the centre 
of the field it may not be necessary to stop the 
lens down as far as when enlarging the whole 
of the negative. This is because the definition 
of the lens over the central part of the field is 
fairly even; falling off only becomes serious 
towards the outer region of the field. 

Another useful expedient is to increase the 
power of the light by fitting a Photoflood bulb 
instead of the normal enlarger lamp. Focusing 
must still be done with the normal lamp be- 
cause the Photoflood bulb would generate too 
much heat if left switched on for more than a 
second or two. Alternatively, a dimming resis- 
tance can be connected in the lamp circuit, 
or a second bulb may be connected in series 
for focusing and cut out by a short circuiting 
switch to give full brilliance for the exposure. 
(The second bulb must of course be housed in a 
light-tight, ventilated box.) 

When using a light as intense as this in the 
enlarger lamphouse, greater care than usual 
must be observed in sealing off light leaks and 
covering up any light or polished surfaces that 
might reflect the glare from the printing paper 
back on to it again. It is also advisable to have 
the paper resting on a sheet of matt black 
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paper to absorb any light falling outside the 
actual image area. Finally it should be remem- 
bered that it will be unwise to trust the red 
safe screen normally used in front of the 
enlarger lens for checking the image. 

PROCESSING 

When the print has been exposed under the 
enlarger, it only remains for it to be processed 
in dishes. 

The sequence involved in processing the 
print is: develop, rinse, fix, wash, dry. The 
actual solutions employed may vary according 


to certain requironents, but in general they 
will consist of a standard print developer, plain 
water or an acid stop-bath for the rinse, and 
an acid-fixer for the fixing. 

When dealing with large prints, a special 
procedure is used if the correct sire dishes are 
not available for processing. L.A.M. 

Sm also: Combination printing; Deretoping print*; 
ibdarger; Giant enlargements; PhotomnraU; Shading and 
spot printing. 

Books: AU About Making Enlargements* by C. I. 
Jacobson (London); Enlarging, by C L Jacobson 
(London): The Complete Art of Printing and Enlarging , 
by O. R. Croy (London). 


ENLARGING BACK. Attachment which is 
fitted in place of the plate holder on a plate 
camera, enabling the camera to be used as an 
enlarger. The device consists of a negative 
carrier and an illuminating system including a 
diffuser and lamphouse. A modem version of 
this fitting employs a cold cathode grid illu- 
minant which cuts down the bulk and elimi- 
nates the diffuser. 

ENLARGING LENS. The lens used in an 
enlarger must be capable of giving a critically 
sharp image with a perfectly flat field. Depth of 
field is not important. Colour correction is 
confined to bringing the visibly bright yellow 
rays and the photographically active blue rays 
into focus at the same time. A lens intended for 
colour enlargements must, of course, be fully 
colour-coirected. 

Lenses for commercial enlargers which use 
mercury vapour lamps must be specially 
corrected for the preponderance of blue and 
violet rays in this form of lighting. 

Using die Camera Lens. While some camera 
lenses will perform reasonably well as enlarging 
lenses, they are never ideal. A camera lens is 
computed for short lens-film and long lens- 
subject distances. This is exactly opposite to 
the enlarger lens which works with long lens- 
film (paper) and short lens-subject (negative) 
distances. If used in an enlarger, therefore, 
the camera lens must be mounted with its 
front facing the paper (that is, towards the 
longer coqjugate focus). 

A three or four element anastigmat with a 
focal length equal to the diagonal of the 
oegative, or slightly greater, is generally satis- 
factory for normal enlarging. If a camera lens 
is used to save the cost of a separate lens, it 
should be of symmetrical or almost symmetrical 
construction. At the same time, lenses of high- 
class miniature cameras are frequently used 
and give good enough results for all normal 
requirements. 

Using the same lens for enlarging as for 
making the negative has one other advantage 
apart from economy. AU lenses suffer from 
uneven iUumination, i.e., the effect known as 


vignetting — which causes the comers of a 
negative to receive less exposure and therefore 
to be slightly less dense than the centre. But 
when the same lens is used twice, the extra 
light passed by the comers of the negative is 
cancelled out exactly. 

Heating Up. When a condenser is used to focus 
the light from the lamp on the lens, it also 
concentrates the heat on it. This is one reason 
why it is better to use a lens specially designed 
for enlarging instead of one primarily intended 
for taking the photograph. Enlarging lenses are 
made without cemented components, whereas 
one or more glasses of a camera lens are fre- 
quently stuck together with cement which is 
softened by even a moderate rise in tempera- 
ture. The risk to the lens can be eliminated by 
interposing a heat-arresting filter between the 
lamp and the condenser. A heat filter, composed 
of sUps of Chance ON20 glass, safeguards the 
lens and is also a great help in preventing the 
heat from buckling or damaging the negative. 
Maximum Aperture. The maximum aperture of 
the enlarging lens depends on the scale of 
enlargement it will be used for. Miniature 
negatives need very much more enlargement 
than, say, half-plate negatives, and so the lens 
used needs to be able to pass more light to keep 
exposure reasonably short when making big 
pictures. For this reason 35 mm. enlargers are 
commonly equipped with / 3-5 lenses, while 
enlargers for 2} square, or 2± x 3} negatives 
have / 4-5 lenses and half -plate and over sizes 
have lenses often no more than/6-3. 

Stops. At times it is necessary to stop the 
enlarging lens down from the maximum 
aperture, and since in the darkroom it is 
difficult to see the stop values, so-called click- 
stops are now common. The iris setting ring is 
fitted with a leaf spring which clicks into 
notches corresponding with the various aper- 
ture setting. Any value can thus be located by 
the feel or the sound of the clicks as the ring is 
turned from the fully open position. 

The stop values on an enlarging lens are not 
usually calibrated as for a camera lens — i.e., 
/5'6, /8, / 11, and so on — since this would 
mean that the first step on the majority of 
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lenses would be leu then a whole stop. This 
would be confusing, so the lens is more often 
marked 1, 2s, 4s, 8s, and so on, each step 
calling for twice the exposure of the one before. 

In a condenser enlarger with a small light 
source, stopping down the enlarging lens does 
not nsssarily bring about a proportionate 
dsioue in illumination on the easel. This is 
because the condenser concentrates the light 
on to an area in the lens that is smaller than 
the maximum aperture. In other words, only a 
small central portion of the lens is being used. 
Until the area of the iris is reduced below the 
illuminated area of the lens, there is no 
reduction in the illumination on the easel. 
Coated Lenses. All modern enlarging lenses are 
now bloomed (coated on their glass-air surfaces 
with metallic fluorides) to reduce the amount 
of light lost by reflection and to prevent degra- 
dation of the image by scattered rays. When the 
lens is not coated, this stray light spreads an 
even veil of fog over the whole print which 
makes little difference to the shadows but 
greys the highlights and flattens the contrasts 
of the print. The increased contrast given by a 
coated lens is not enough to affect the paper 
grade which will be used, but it improves the 
definition of the print. This is because the 
contrast of the finer details is not blotted out 
by light scattered inside the lens. 

ENLARGING FILTER. Enlargers of all types 
are usually fitted with a coloured filter. This 
can be slipped on to the lens or brought in 
front of it so that the position of the image on 
the bromide paper can be checked before 
exposure without fogging the paper. 

Thefilterismadeof glass, gelatin, or plastic, 
coloured either a deep brown or medium red. 
Tha material may be fitted into a slip-on mount, 
like a colour filter, or it may be hinged or 
pivoted so that it can be swung into position 
without touching the lens (this is the better 
method as there is no risk of moving the lens). 

Such filters are not safe over a long period; 
they are intended only for a brief check, nor 
should the image be focused on the paper with 
the filter in position because the lens may not 
focus the visible, non-actinic red rays and the 
actinic blue rays in the same plane. 

The holder for the filter may allow the filter 
to be changed. This is useful when special filters 
are needed for other reasons — e.g., correcting 
colour balance when making colour prints. 

ENPRINT. Standard, 3} x 4 J ins. enlargement 
from any miniature negative, usually supplied 
by dealers at the same price as a contact print. 

See also: Sizes and packings. 

EPIDIASCOPE. Projector which combines 
the functions of an episcope and a diascope in 
the one apparatus. 

See also: Projector! (still). 


EPISCOPE. Optical projector for showing 
an enlarged image of small opaque objects, 
photographs and printed matter. By employing 
an episcope, a lecturer or teacher can show 
small objects conveniently to audiences. 

Sec alao : Projector t (stUT). 

EPSTEAN, EDWARD, 1868-1945. American 
photo-engraver. Writer and translator of 
articles and books on the history of photo- 
graphy, collector of books on photography and 
photomechanical work. Donated this collec- 
tion to the Library of Columbia University, 
New York. 

EQUIVALENT FOCUS. Distance between the 
nodal point and its corresponding principal 
focal point on the axis of a lens. Same as focal 
length. 

EQUIVALENT WEIGHT. Term used in 
chemistry to denote the weight of any given 
substance that will either unite with one gram 
of hydrogen or displace it from a compound. 
The equivalent weight of any substance can be 
either measured or deduced, and it is possible, 
by equating the equivalent weights of the 
chemicals taking part in a reaction, to describe 
both the reaction and its products in quantitative 
terms. 

See also : Chemical calculations. 

ERNEMANN, HEINRICH, 1850-1928. Ger- 
man camera manufacturer. He induced the 
German government to endow a professor- 
ship of photographic chemistry at the Technical 
College in Dresden (filled by Dr. Robert 
Luther). His firm (and others) were merged, in 
1926, into the Zeiss-lkon A.G. In 1924 intro- 
duced the Ermanox camera with the Emos- 
tar /2 lens, then the fastest camera on the 
market. 

ETHER. Diethyl ether; sulphuric ether. Solvent 
for many purposes, including making collodion 
emulsions. 

Formula and molecular weight: (C,H 5 ) t O; 75. 
Characteristics: Volatile pleasant smelling 
liquid. Very inflammable. 

Solubility: Partially miscible with water. 

EVER-READY CASE. Carrying case, usually 
leather or plastic, which can be opened to give 
access to all the camera controls without being 
removed from the camera. The base of the case 
is generally fastened to the camera by a knurled 
screw which fits the tripod bush on the camera 
body and is threaded to take a tripod screw. 

See also: Cases. 

EVERSET SHUTTER. Generic term for all 
shutters of the type — common on cheaper 
cameras — in which one movement of the 
release control tensions the shutter operating 
spring and then fires the shutter so that no 
separate cocking control is needed. 
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EVIDENCE BY PHOTOGRAPHS. The pur- 
poses for which photographs are produced in 
evidence in legal proceedings are broadly: 

(1) To provide a record of something that it 
would otherwise be difficult or impossible for 
the Court to se« — e.g., scenes of violent crime 
as they appear before anything has been dis- 
turbed; vehicles which have been involved in 
collisions, photographed before any repair or 
salvage has been done; roads, buildings and 
other distant places which may be many miles 
from the Court. 

(2) To present the results of an experiment 
or test (in many cases made in a laboratory) 
that it is not practicable to demonstrate in 
Court — e.g., photomicrographs; photographs 
taken by ultra-violet fluorescence; photographs 
illustrating some test or measurement; com- 
parison photographs demonstrating the simi- 
larities between finger-prints, footprints, tool 
marks, tyre marks, fired bullets or cartridge 
cases, etc. 

(3) To show something that only photo- 
graphy can reveal (infra-red photographs and 
photographs taken with unusual filters). 

This article is not concerned with how such 
photographs are taken; it deals only with their 
use as evidence in the Courts. 

Presentation. There must be no handwork on 
either negatives or prints to be used in evidence. 
Simple shading control during printing is per- 
missible, and often indeed essential. But there 
must be no spotting, even where the filling up 
of a pinhole or two could not possibly lead to 
any misrepresentation. It is a legal axiom that 
not only must justice be done, but that it shall 
be manifest to ail present that justice is being 
done. In the same way photographs used in 
evidence should not only be free from faking; 
it must be clear that there could be no possi- 
bility of faking. 

First and foremost, this calls for clean 
working in the darkroom. But if in spite of it 
the negative or print shows a flaw, the flaw 
must remain, and must be disregarded or 
explained in Court as need arises. 

There is no room for ingenious technical 
tricks in this field; the mere fact that photo- 
graphs are being used to illustrate points of 
evidence implies a belief that the camera cannot 
lie, so all work should be as straightforward 
as possible. (Photographs produced under 
laboratory conditions of subjects normally 
invisible to the human eye are, of course, 
excepted). And the photographer should 
always assume that, while the members of the 
Court may know everything about the law, 
they know little or nothing about the techni- 
calities of photography. 

The following example illustrates this point: 

A man sitting in a lighted, uncurtained room 
after dark was shot from outside the window. 
Photographs were taken at night from the out- 
side looking through the lighted window in 
question. These photographs were produced in 


evidence, but their value in establishing the 
true facts of the case was largely destroyed 
because no member of the Court understood 
(and the photographer witness was unfortu- 
nately unable to explain) the difference between 
the instantaneous sensitivity of the human eye 
and the cumulative sensitivity of the photo- 
graphic emulsion. In other words, whether the 
photograph showed less than, the same as, or 
more than, the eye would have seen in the same 
circumstances depended on the length of the 
exposure. 

Another example arose in a legal dispute 
over a road accident. One side produced 
photographs showing the view which the 
defendant would have had round a bend if he 
had been driving on his correct side of the 
road. The pictures were taken with a lens of 
normal focal length (i.e., 45-50° angle of view). 
The other side objected that there were only 
thirteen white-line dashes visible in the pictures, 
although it was agreed that there were in fact 
seventeen dashes between the camera position 
and the turn of the road. It required con- 
siderable explanation to establish that the 
photographs were a fair and accurate repre- 
sentation of what the defendant should have 
seen, and that no photograph could ever show 
all the foreground in front of the camera 
position unless the lens had an angle of view 
of 180 degrees. 

Court Procedure. The usual procedure for 
taking the evidence of a photographer witness 
runs something like this. First he takes the 
oath (unless he has conscientious objections to 
doing so, when a form of declaration may be 
substituted) and gives his name and profession 
or official status. He then states where, when 
and of what he took the photographs, that he 
made prints, which he produces, and that the 
untouched negatives are in his possession. (He 
may take the negatives with him for inspection 
if requested, but they are rarely asked for.) He 
will then describe what the photograph, or each 
photograph of a series, shows. Finally, he may 
be cross-examined to bring out any point that 
the other side feels will be to their advantage. 
(The “other side” simply means the side that 
did not call him as a witness). 

There is no recognized standard type of print 
for use in evidence. Single prints may be 
mounted on thin card with a brief descriptive 
caption. A series of photographs may be 
printed with a wide margin on the left-hand 
side, and then numbered and bound together 
bookwise in a light cover with a page of 
descriptive captions at the beginning. 

The prints should be of a size that is con- 
venient for examining in the hand; anything 
from half-plate to 10 x 12 ins. is satisfactory. 
The number of copies produced depends on 
the type of Court hearing the case. Where 
there is no jury — e.g., in a Magistrate’s Court, 
County Court, or before a Coroner sitting 
without jury — four copies are generally enough: 
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one copy for each side in the case, one for the 
Bench and one for the witness himself to refer 
to. In trials by jury, however, at least six 
copies are required, and twelve are not too 
many. 

Captions. Captions must be rigidly factual 
and descriptive; there must be nothing to imply 
the conclusion which one side or the other is 
seeking to establish. In a road accident case it 
would be proper to caption a picture: 

“ View along the Weston-Eastwich road, 
taken from point A looking in the direction of 
B.” A caption which added, “ . . . showing 
that B is clearly visible from the correct side 
of the road at A,” would be objected to by the 
Court, and the photograph might be declared 
inadmissible as evidence. 

With photographs of a more technical type, 
such as are used to illustrate comparisons of 
finger-prints, tool marks, etc., it is permissible 
and indeed often necessary to indicate the 
important points by means of, for example, 
ruled lines or arrows. But if any of the 
indicating lines unavoidably obscure any 
detail, even unessential detail, there should 
always be a plain unmarked copy of the photo- 
graph for reference. H.J.Wa. 

See also: Crime photography ; Forgeries; Police photo- 
graphy. 

Book: Photographic Evidence, by C. C. Scott (Kansas 
City). 

EXAMINATIONS. A few British professional 
and educational organizations hold annual 
examinations in photography. These examina- 
tions are usually intended for professional 
photographers but amateurs are also eligible. 
Such examinations confer certain diplomas or 
similar qualifications; they are not, however, 
needed by any person for carrying on photo- 
graphic work. 

The most important photographic examina- 
tions in Great Britain are those of the Institute 
of British Photographers and the City and 
Guilds of London Institute. Employers nor- 
mally accept a pass in either of these examina- 
tions as evidence of ability and some firms make 
it an essential qualification. 

Institute of British Photographers. The examina- 
tions of the I.B.P. are held in three grades: 
preliminary, intermediate and final, an$l they 
must all be taken in that order. The standard 
required for each grade is high and carries a 
practical test in addition to the normal written 
paper. The preliminary candidate must have 
an elementary knowledge of photography and 
be able to demonstrate it in practical tests. The 
intermediate examination requires a more 
thorough knowledge and practical ability in 
the general techniques of photography. The 
final examination may be taken in any of four 
different sections as follows: Commercial, 
Industrial and Advertising; Portraiture and 
Pictorial; Scientific Applications of Photo- 
graphy; Medical Photography. A high theore- 
tical and practical standard is required in the 


section taken. In special circumstances candi- 
dates may be exempt from the preliminary and 
intermediate examinations. 

Candidates must be capable of expressing 
themselves clearly and have a good general 
education. Past results show that many candi- 
dates fail because they lack normal ability in 
these respects. 

City and Guilds of London Institute. These 
examinations fall into two grades — intermediate 
and final. The standard is approximately the 
same as that for the I.B.P. examinations. The 
intermediate consists of a written paper and a 
practical test; the final comprises a common 
written paper, a second written paper in either 
of two basic sections, and a practical test. A 
successful candidate who obtains a first-class 
certificate in at least one section of the final may 
later qualify for a full technological certificate 
by passing suitable external examinations in 
chemistry, physics and (sometimes) mathe- 
matics. 

Other Examinations. There are examinations 
of a similar nature in other countries. More 
common, however, are the internal examina- 
tions of the various schools and colleges of 
photography throughout the world. These 
examinations are generally recognized in the 
absence of tests conducted by independent 
professional bodies. They follow a general 
pattern, but for internal examinations, atten- 
dance at the school is normally essential. In 
Britain, the examination at one of these schools 
carries exemption for the I.B.P. preliminary. 

Various specialized bodies also hold examina- 
tions in their own fields — e.g., radiography, 
photo-mechanical printing and the photo- 
graphic retail trade, etc. 

As a suitable qualification, employers will 
sometimes accept Fellowship or Associateship 
of one of the leading photographic societies or 
institutes. This may again entail an examina- 
tion, but normally the award is based on 
inspection of specimens of the photographer’s 
work submitted, and on his past achievements. 

Before offering himself for examination, 
the candidate should make sure that his 
experience is adequate. He may have taken a 
course in photography, not recognized by the 
examining body, which may not have covered 
an essential aspect. All examining bodies 
publish a syllabus of their examinations and 
sometimes copies of previous test papers. A 
close study of these will show the candidate 
if any gaps exist in his studies. 

American Practice. There is no standard exami- 
nation system comparable to that existing in 
England. The closest thing to it is the Civil 
Service Job classification breakdown which 
calls for tests in proficiency in the various 
categories. As a rule, these tests are based upon 
local arrangements for examinations; there is 
no completely standardized national procedure 
for this. J.D.C. 

See also: Training for photography . 
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EXHAUSTION OF SOLUTIONS. The useful 
life of developing and fixing solutions is limited 
by a number of factors: the active ingredients 
become used up or they automatically decom- 
in the working solution, the solution 
mes contaminated with impurities pro- 
duced by the decomposition of the active 
ingredients, and certain solutions (developers) 
are oxidized by contact with the atmospheric 
air or air dissolved in the water. 

Nothing can prevent the active ingredients 
from being used up during the actual pro- 
cessing, but the other causes of exhaustion can 
often be lessened by taking suitable precautions. 

Water used in making up developers should 
be boiled for about five minutes to get rid of 
dissolved air. Chemicals should be bought in 
the smallest pack that will serve normal needs — 
it is not economical to buy in bulk if the 
chemicals deteriorate through being stored for 
a long time in an opened container. Most 
developers, silver salt solutions and ferric 
salts keep better in dark — e.g., amber or 
brown — bottles which prevent the contents 
from being decomposed by actinic light rays. 

Developer stock solutions stay fresh longer 
if they can be kept out of contact with the air. 
There are several ways of doing this : 

One method is to float a film of paraffin on 
the top of the solution and to draw off the 
developer through a glass tube that dips under 
the surface. In this case fresh solution must 
be added before the oil falls to the level of the 
open end of the tube. 

Another method is to drop glass marbles 
into the bottle as the solution becomes used 
up so as to bring the level up to the neck of 
the bottle. This reduces the surface of the 
liquid in contact with the air in the bottle and 
so retards oxidation. 

EXHIBITIONS AND SALONS. Photographic 
salons and exhibitions are either confined to 
members of a particular society, or are exhi- 
bitions which are open to all photographers 
anywhere. Practically all active photographic 
societies run an annual exhibition of their 
own members’ work either on the society’s 
own premises or in some local hall. The bigger 
societies which promote open and international 
exhibitions always arrange for an adequate 
display in local halls or art galleries. Such 
exhibitions to be successful and gain general 
acceptance must comply with rules laid down by 
The Royal Photographic Society in this country 
or by The Photographic Society of America 
in the United States. The conditions are be- 
coming fairly well standardized throughout the 
world so that entrants may be assured of a fair 
deal. 

Briefly, it is stipulated that there must be no 
restricted classes, that the accepted entries 
shall be properly shown in suitable premises 
and that conditions should allow for the proper 
display of at least ISO prints. Exhibitors are 
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thus assured that their prints will be suitably 
displayed if accepted. 

The generally accepted conditions are: 

(1) Entries shall be limited to not more than 
four prints from any individual (an exception 
to this is the London Salon which allows six 
prints). 

(2) All pictures shall be submitted to the 
judges or selectors. 

(3) The exhibition is not limited to special 
types of photographer — e.g., to men or women 
professionals, miniature photographers, or any 
other arbitrary classification less than the entire 
photographic body. 

(4) The promoters must publish and furnish 
a complete catalogue of prints accepted and 
hung. 

Entry forms must be provided and as names 
and addresses of successful entrants are nearly 
always published in the exhibition catalogue, 
regular exhibitors are in the habit of receiving 
entrance forms from exhibitions all over the 
world. Would-be exhibitors who have not yet 
been so succosful can find from the photo- 
graphic press regular notes about all the im- 
portant exhibitions at home and abroad. 
Mounts. Most exhibitions limit the size of the 
mount to 16 x 20 ins., although a few such 
as the London Salon will accept up to 20 x 25 
ins. 16 x 20 ins. is a good standard size 
and it is t e size that should be adopted by 
entrants who wish to send their pictures to a 
number of different exhibitions. This siae will 
always be accepted and much smaller mounts 
are not generally desired. If, for example, the 
pictures are displayed under glass it is neces- 
sary that the mount should fit the size of the 
glass used and this is generally made to cover 
the 16 x 20 ins. mounts. 

Entrance Fee*. It is customary to ask for an 
entrance fee — e.g., five shillings or a dollar — 
to cover the expenses of running the exhibition. 
One of the few exceptions to this practice is the 
Annual Exhibition of The Royal Photographic 
Society for which no entrance fee is required. 
People sometimes object that exhibitions should 
not charge an entry fee as they are asking for 
work from exhibitors, but on the other hand 
very few exhibitions charge an admission fee 
and there is the cost of the hire of the hall or 
gallery to pay, the cost of printing the catalogue, 
and many other incidental expenses. In any 
event, few societies are able to make an exhibi- 
tion pay, and practically all are prepared to 
lose money and look upon the cost as good 
publicity for the society. 

Oiganlzatioo. Organizing a photographic ex- 
hibition is no easy task. Once it has been decided 
when it is to be held and the necessary hall has 
been booked, entrance forms have to be sent 
out all over the world, and the necessary 
publicity notices have to be sent to the photo- 
graphic press. Arrangements must also be made 
for the reception of the parcels, their unpacking, 
checking, and counter-checking with the en- 




trance forms. The i mportance of adequate space 
for this work is often overlooked, for it is by no 
means unusual for a society to receive several 
hundred parcels of 16 x 20 ins. prints and 
anything from 1,000 to 1,500 individual pic- 
tures. As all of theae pictures will have to be 
returned in the original wrapping, a proper 
system has to be worked out for unwrapping, 
marking the packing paper to correspond with 
the numberings on the print, checking the 
entrance forms, taking out the postal orders, 
cheques and other forms of entry fee, and 
arranging the pictures for the judges or selec- 
tors. It is most important for all the wrappings 
to be safely stored for the month or two which 
will elapse between receipt and re-dispatch. 

Arrangements have to be made to notify 
suitable selectors in advance of the judging date 
and provide accommodation for them. In 
most cases a panel of selectors is chosen, 
consisting of three or perhaps five members 
so as to make a majority vote possible. On the 
day of judging, facilities must be provided for 
placing the prints in proper lighting in front 
of the judges and for recording their decisions. 
Once the selection has been made, the forms 
have to be marked and the pictures transported 
to the place where they are to be hung. Arrang- 
ing the pictures on the walls is a highly skilled 
task which should be entrusted to someone 
with experience because the appearance of an 
exhibition can be made or marred by the way in 
which the pictures are displayed. Pictures 
which are likely to conflict with one another 
must be kept well apart and a general har- 
monious arrangement of all the prints aimed 
at. Once the order of pictures has been decided 
upon they must be numbered and a catalogue 
prepared. The catalogue must then be printed 
and dispatched to successful entrants at once. 
It is customary to have the exhibition opened 
by some well-known person and, if the society 
is to benefit from the publicity of this exhibition, 
necessary arrangements must be made to have 
it reported in the local newspapers and the 
national photographic press. P.W.H. 

Se* also : Judges for exhibitions ; Judging exhibition entries. 
Books : Exhibition Prints, by A. D. Bcnsusan (L ndon); 
Photographic Exhibitor's Reference Book, by F. Harris 
(London). 

EXPIRY DATE. Date stamped on cartons of 
roll films and packing of 35 mm. film to 
indicate the date by which the material should 
be developed. Generally this is 2-2} years 
from the date of coating; the manufacturer’s 
guarantee of the film does not normally 
extend beyond the expiry date, although the 
material can generally be used for considerably 
longer. 

See also: Keeping qwMitles of materials. 

EXPLODED VIEWS. Photographs of machines 
or similar constructions dismantled into their 
parts and laid out so as to correspond as 
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closely as possible to the way in which they 
are assembled. 

Exploded views of articles consisting of an 
assembly of smaller parts have a special func- 
tion in engineering. They show clearly how 
separate components are assembled, and indi- 
cate details of internal construction that may 
not be obvious in a complete unit. In adver- 
tising, exploded views help to emphasize im- 
portant selling points about the way the article 
is made up and are of special value for instruc- 
tional and educational use in the form of illus- 
trations in literature or as lantern slides or 
film strips. 

Drawings (line or wash) do not always 
carry the conviction of a genuine photograph; 
but on the other hand, special care must 
be taken when using a camera in order to 
avoid such faults as distortion, heavy and 
featureless shadows and wrong relative size of 
components. A number of small errors of this 
sort may collectively render an otherwise good 
photograph useless as a functional illustration. 

It is as well for the photographer to possess 
some technical knowledge of the type of sub- 
ject to be exploded, and special skill is called 
f or in arranging and lighting the groups to make 
the picture tell the right story. 

Gojeral The final print must 

show the exploded parts and nothing else. A 
plain background must be used and the com- 
ponents arranged on it in the order of assembly 
to avoid an horizontal line produced by the jtoin 
of a vertical background with the table-top. 
The main item should be placed in such a 
position in relation to the camera that the other 
parts can be added with as little overlapping 
as possible. 

Side elevations (sometimes used in draw- 
ings) are generally avoided because of the way 
in which the perspective of successive parts 
increases with their distance from the centre. 
As an example, a washer directly in front of 
the camera and edge-on appears as a straight 
line; when additional (and similar) washers are 
added on each side, the images progressively 
become more circular. In practice the centre 
washer can be turned slightly (technically 
known as “cheating”) to show the third di- 
mension, and the more distant washers can 
be turned in the opposite direction to lessen 
the effect. 

It is generally necessary to suspend small 
parts by fine threads (that can be touched out 
afterwards) or use small pieces of clay or 
plasticine to fix them in position on the back- 
ground. Sufficient separation between parts 
must be left to show their individual identity; 
but by varying the distance between aatain 
groups it is possible to indicate the order of 
assembly. Sufficient perspective should be 
given to show the third dimension without 
causing one part to hide another, and the 
assembly as a whole should not recede in too 
steep general perspective or it may falsely 
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indicate a reduction in size for the more distant 
parts. It is common practice to include all 
small screws or bolts, not as if they were sus- 
pended in mid-air, but arranged in groups near 
their functional position, so that their use is 
easily inferred. 

Lighting. One of the commonest failings in 
photographs of mechanical components is the 
introduction of conflicting shadows by the 
use of complicated lighting arrangements. 
Forward shadows (back lighting) are some- 
times effective, but in general, hard lighting 
must be avoided and special care taken to 
ensure that no shadow links one part with 
another. As a rule, soft frontal lighting is 
safest as it is often impossible to cancel out 
shadows from one side by balancing the light 
from the other. In a few cases it may be neces- 
sary to light the group by reflected light from a 
large sheet of white paper, or by turning the 
lamps on to a white ceiling. When dealing with 
polished metal surfaces it may be helpful to 
photograph the subject within a tent con- 
structed from tracing paper or other translu- 


cent material, otherwise any polished surface 
that does not reflect light will appear black. 
Camera. For this work a camera with a com- 
plete range of camera movements is essential. 
Skill in the use of camera movements can be 
effective in overcoming difficulties in focus and 
perspective. Longer-than-normal focus lenses 
are most helpful up to a point, but they tend 
to flatten perspective. In most cases this is an 
advantage. Normal and shorter-than-normal 
(wide angle) lenses increase perspective and 
are notoriously unsatisfactory when used close 
to small subjects arranged on the table-top. 

One other cause of failure is sometimes pro- 
duced by vibration. In general it will be neces- 
sary to employ a small lens stop, which in turn 
will mean longer exposures. Even the smallest 
amount of subject movement can spoil such an 
assembly, and it pays to take a great deal of 
trouble to ensure that both camera and subject 
are rigidly supported so that relative move- 
ment is impossible. B.A. 

Sec also: Industrial photography. 

Book: Photographing Machinery, by B. Aificri (London) 
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Exposure in the scientific sense is the product 
of the intensity of light and the time during 
which the light acts. In terms of practical 
photography it means the particular combina- 
tion of lens aperture and shutter speed that 
must be chosen to give a good negative. 

The aim of the photographer is almost 
always to achieve a satisfactory print or 
transparency by giving the least possible 
camera exposure. This may be for three 
reasons: to get a print of the best possible 
quality by keeping the actual value of the 
exposure low; to keep the duration of exposure 
short, to arrest movement; and, by keeping 
the lens aperture small, to give the greatest 
possible depth of field. The last reason does 
not always operate: there are times when a 
large aperture is used deliberately to reduce 
the depth of field. 

In some instances the brightness range of a 
subject is too wide to be recorded by the 
photographic process. This applies in par- 
ticular to colour photography: in a scene with 
a wide range of tones only a limited group will 
be reproduced in correct colours — hence the 
recommendation of choosing “flat” subjects 
for colour photographs. Where it is impossible 
to do anything to reduce the brightness range 
of such a subject by suitable lighting, the 
photographer must make up his mind which 
group of tones he wants to come out in true 
colours and then expose for that group. 

An under-exposed photograph lacks detail 
in the areas corresponding to the shadows; 
over-exposure causes the highlights to become 
flat and “burnt out”. 


In black-and-white photography by the 
negative-positive process, there is a range of 
exposures that will give satisfactory prints, 
reproducing quite faithfully the tones of the 
original scene. This range is a measure of the 
latitude of the emulsion. But the art of correct 
exposure is to give the least possible exposure 
that will show the required amount of detail 
in the shadow portions of the final print. Hence 
the old saying “expose for the shadows and the 
rest will take care of itself.” 

Reversal — and in particular colour reversal — 
materials have much less latitude than those 
used for negative-positive work. For direct 
colour transparencies there is only one correct 
exposure, and deviations one stop higher or 
lower give only just acceptable results. 
Blackening Effect. Apart from the above term, 
the scientific definition of exposure denotes 
the total amount of light falling on the unit area 
of the photographic material, i.e., the product of 
the intensity of the light and the time during 
which it acts. The important thing is to know 
how much exposure produces how much 
blackening after development. 

In general the blackening of the image in- 
creases with increasing exposure, but it is not 
always constant for the same total exposure. 
When sensitive materials are given the same 
total exposure throughout a range of varying 
values of time and light intensity, it is found 
that for each material there is one combination 
of time and intensity that produces most 
blackening. A reduction in intensity and corres- 
ponding increase in time, or an increase in 
intensity and a corresponding reduction in 


414 



EXP 



EXPOSURE AND TONE SCALE. An average subject will, with 
correct exposure, record every tone value by a corresponding 
reversed density on the negative. Under-esposure records only 
the highlights, and all shadow tones remain clear without 
detail. Over-exposure records the shadows, but all brighter 
tones become uniform black. 

time, will decrease the blackening. In other 
words changing the intensity and time from 
their optimum value, lowers the photographic 
sensitivity. This effect is called the reciprocity 
failure. 

The blackening also changes if the exposure 
is given intermittently. This happens because 
an intermittent exposure works in the same 
way as a long exposure at a lower intensity. If 
the same exposure is given continuously to one 
piece of material and intermittently to another, 
the total time taken by the exposure is greater 
for the intermittent case and the average in- 
tensity is decreased. The result is similar to an 
exposure given at lower intensity and as a rule 
causes the sensitivity to decrease. The effect 
is important in the design of instruments for 
sensitometry. 

Exposing for Shadows. The light image that 
falls on the sensitive material in the camera 
consists of a series of patches of different 
degrees of brilliance. All these patches receive 
the same time of exposure, but because the 
intensity of the light on them varies, they are 
reproduced as areas of different densities on 
processing. These densities are faint for the 
shadow portions and heavy for the highlights. 

When camera exposures are correct, the 
shadows in all scenes are reproduced as areas 
of exactly similar densities. On the charac- 
teristic curve which shows how the negative 


density changes with increasing sensitometric 
exposure — i.e., the product of intensity and 
time — this means that the shadow portion of a 
negative always falls near the toe. This is 
where the slope of the curve is still sufficient 
to reproduce shadow detail by an appreciable 
range of densities in the negative. Correct 
camera exposure for the shadows means that 
the shadows are tied to a small range of low 
densities. ' 

Exposing for Highlights. It is not always con- 
venient or desirable to expose for the shadows 
and many people prefer to expose for the 
highlights or the intermediate tones. Exposing 
for the highlights means that a highlight is 
always reproduced at a constant (relatively 
high) density, whatever the subject. Similarly, 
exposing for intermediate tones means that the 
mid-tones come out on all negatives as a 
reasonably constant medium density. 

These methods of exposure are particularly 
useful for reversal materials where the positive 
transparency is to be projected on to a screen. 
Here it is not as important to reproduce shadow 
detail as it is to show, say, face tones at 
roughly equal brightness on the screen in 
every picture. 

Exposing for highlights or intermediate 
tones rather than for the shadows is also useful 
where the tone range is too wide to be taken 
care of by the print. In such cases it pays to 
sacrifice detail in the shadows rather than in 
the medium tones and highlights. 

Before the photographer can choose between 
exposing for the shadows or the highlights, he 
must be able to estimate or measure the tone 
range of his subject. What follows is concerned 
with the method of using various devices to 
determine the correct exposure for any parti- 
cular set of conditions. 

Estimating Exposure. With modem photo- 
graphic black-and-white materials, a standard 
exposure of 1/50 second at / 11 will give a 
reasonable negative for a surprisingly large 
number of amateur snapshots. This is because 
most of such photographs are taken in bright 
sunny weather and the subject is generally in 
the nature of a group of people in the open 
or something involving streets and buildings. 

With average subjects of this sort, any 
variation in lighting is usually well within the 
latitude of the film, so one standard exposure 
will serve on most occasions. A few simple 
and easy-to-remember rules cover the occasions 
when the standard exposure is not suitable. 
Thus: very early or very late in the day, 
multiply the standard exposure by ten; in 
shade, multiply it by two to four; in bright 
open places like the beach, or on mountains, 
divide it by two to four. 

Rough and ready rules of this sort cannot 
guarantee first class results every time, but 
when they are combined with a little experience 
they will nearly always give a negative that can 
be made to yield a satisfactory print. 
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Indirect Methods. Under this heading come 
calculators, tables, and all methods of fixing 
the exposure without direct reference to the 
actual subject in front of the camera. It is 
possible to fix the exposure in this way because 
the strength of the light at any particular place 
and time is roughly the same one year as the 
next. 

So it is possible to give a reasonably accurate 
figure for exposure once the following facts are 
known: the geographical latitude, the time of 
the day and year, the weather, the type of 
subject, and the speed of the sensitive material. 

The geographical latitude determines the 
height of the sun, and thus the amount of light 
that reaches the subject. This figure can be 
stated accurately for any particular place. 

The time of the day and year also determines 
the height of the sun. The time of year is 
usually given simply as the month. The time 
of day should be given in solar time and not in 
British Summer Time or any similar artificial 
time. Local times may vary from solar time 
by as much as three quarters of an hour since 
it is generally inconvenient for local time to 
vary from one part of a country to another. 
The errors introduced into the estimation of 
exposure by using the wrong time of day are 
small around midday but may become quite 
large when the sun is low. At such times it 
may be necessary to convert the conventional 
time to true local time. 

The weather is the remaining factor that 
decides the strength of the light falling on the 
subject. This cannot be measured accurately 
and depends upon how the individual photo- 
grapher interprets a number of classified 
conditions. 

The brightest possible weather condition is 
a clear sun with white clouds. The clouds 
help to reflect light to the earth’s surface, thus 
lightening the shadows. Rather less light 
comes from sun in a clear blue sky which gives 
very strong shadows. 

Shadows are one of the most important helps 
in estimating weather conditions. They are 
deepest for the “ Clear sun,” slightly weaker 
for the “ Sun and white clo.uds ” which do not 
obscure the sunlight, definitely watery for 
“ Hazy sun ” and absent for both “ Dull ” and 
“ Very dull ” weather conditions. The last 
two classifications probably cause more trouble 
than the others because they cover a much 
greater range of possible light values than any 
of the others. Only experience can teach 
which one to apply. 

These factors — latitude, time and weather — 
govern the light that falls on the subject. 

The subject, according to its reflecting 
powers, governs the amount of light reflected 
into the camera to form the image. So the 
subject is classified according to its light- 
reflecting properties. 

There are two current ways of classifying the 
subject. In one the subject is classified by its 


character: “open sea,” “distant landscape,” 
“landscape with light foreground,” “landscape 
with medium foreground,” “close up subjects,” 
etc. In the other, the subject is classified by 
its tone: light, medium, or dark, sometimes its 
distance from the camera, and often the 
direction of the light falling on it. The 
existence of these two subject scales is respon- 
sible for much of the difficulty that people 
experience in using exposure tables, charts and 
calculators. 

The user of an exposure chart or guide must 
remember that the same subject at different 
distances from the camera and under different 
conditions may require different exposures. 
Thus, a figure in silhouette against the sky 
some distance away is interesting for its shape, 
and not for its shadow detail, for the simple 
reason that the eye looking at the original scene 
is not capable of resolving the detail. But 
the same figure closer to the camera will call 
for a longer exposure because in this case there 
will be visible shadow detail to record. 

There is another reason why a distant figure 
requires less exposure. A certain amount of 
light is always scattered by haze in the air 
between the distant subject and the camera. 
This scattered light tends to lighten the 
shadows and to destroy the detail in them, 
both to the h uman eye and the photographic 
material. 

The direction of the light may also have a 
considerable effect on the final exposure. 
Exposure against the light must always be 
heavier than exposure with the light. When 
photographing with the light, the shadows are 
invisible both to the eye and the camera. 
This is a high-key photograph for which 
exposure is always relatively small. 

By contrast, when photographing directly 
against light, all the shadows are open to the 
eye and the camera, so shadow detail is 
extremely important and exposure must be 
relatively heavy. There is one exception to 
this rule: when photographing a silhouette 
effect, shadow detail is not only unimportant, 
it is undesirable, so the subject needs only a 
short exposure. 

Direct Methods. The above methods arrive at 
the exposure without actually measuring the 
strength of the light falling on or reflected from 
the subject. But provided that certain pre- 
cautions are observed actual measurement of 
the light gives more accurate results. There 
are several ways of measuring the light that 
exposes the sensitized material in the camera: 

(1) Actinometers measure the strength by 
the time the light takes to darken a test patch 
of sensitized material to a standard depth. 

(2) Extinction meters relate the strength of 
the light to the faintest image that the eye can 
see through a neutral density wedge. 

(3) Integrating exposure meters measure the 
cumulative effect of the light on a photo- 
electric cell over a period. 
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EXPOSURE METER SYSTEMS. Left: Measurement of strength of light by an a clinometer. This establishes the time taken by a piece 
of sensitive paper to darken under the influence of light so that it matches a predetermined depth of tone. Correct exposure is 
derived from this time. Centre: Measurement of average brightness of light reflected from subject by means of an extinction 
meter (observation of detail through a scale of numbers of Increasing density ), or by a photo-electric meter. Right: Measurement 
of brightness of Individual subject areas by matching against them an illuminated area in a photometer. Adjustment of lamp illu- 
minating the comparison area gives value for brightness. (The lamp is calibrated periodically to provide a zero point.) 


(4) Photo-electric meters indicate the light 
strength in terms of the electrical signal 
generated by a photo-electric cell directed 
either at the subject from the camera, or at the 
light source from the subject. 

(5) Photometers measure the relative bril- 
liance of a typical area of the subject. 

The use of these instruments to determine 
exposure varies according to their different 
principles and is discussed under the individual 
headings. 

Calibration. There are many reasons why it 
pays to go to some trouble to calibrate an 
exposure meter. The first is that no two 
meters, even meters of the same make and 
model, can be expected to respond in exactly 
the same way. The same can be said with 
even more truth of the camera shutters which 
eventually decide the exposure. Finally, indi- 
vidual photographers have their own ideas of 
what is a well-exposed negative. 

The meter should be used to find the 
exposure for a series of photographs of widely 
different subjects. Each subject should be 
photographed at one quarter, one half, wice 
and four times he indicated exposure. 

Inspection of the developed film will show 
at once which value of the indicated exposure 
gives the desired type of negative. If the 
exposure required is consistently greater or less 
than the indicated reading, the easiest way of 


making the correction is to adopt a corres- 
pondingly higher or lower speed figure for the 
negative material. 

The meter must be calibrated separately for 
any of the other methods of uss — incident 
light, substitution (i.e., taking readings on 
near-by objects of the same tone as a more 
distant subject), etc. It must also be ra-cali- 
brated if the photographer makes any change 
in the developer or development technique. 

The speed figure finally adopted should allow 
for the fact that an under-exposed negative is 
no good, whereas an over-exposed negative 
will at least give an acceptable print. So, for 
general work, it is wise to adopt a speed figure 
of one half of that which would, according to 
the calibration, give the exac exposure. This 
recommendation is good for black-and-white 
negative and positive materials and even for 
colour where separate negatives and positives 
are used. It does not apply to reversal 
materials and normal colour materials, where 
only he exac exposure is tolerable. 
Development Technique. The type of developer 
and the technique of development influence 
the effective speed of the sensitized material — 
and hence the exposure ii needs. Some fine 
grain developers, for instance, greatly reduce 
the effective speed and may require four times 
the normal exposure to be given. The exposure 
must be made with this fact in mind. 
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CHOICE OF SPEED-STOP COMBINATION. A given exposure 
corresponds to a range of speed-stop combinations. A rapidly 
moving subject ( symbolized by multiple arrow) needs a fast 
shutter speed and therefore a large aperture, which in turn 
covers a narrow zone of sharpness ( shown by height of shaded 
area). A subject of great depth needs a small aperture and 
therefore a slow speed, which will not, however, arrest fast 
movement. Choice of best settings may need a compromise. 

Exposure (Light) Values. The result of using any 
exposure calculator or meter is to obtain a 
number which indicates the camera exposure 
necessary to get a satisfactory picture with a 
material of given speed. This number has been 
called the light value, a rather unfortunate 
designation, since its magnitude depends on 
other factors apart from the light reaching the 
scene or reflected from it; exposure value is the 
currently preferred term. 

The exposure recommendation embodied in a 
light value or exposure value reading can be 
translated into a range of lens apertures and 
shutter settings — e.g., 1/25 second at /8, 1/50 
second at /5-6, or 1/100 second at /4. These 
combinations all represent the same exposure 
value or photographic exposure. 

It is decidedly desirable to be able to vary 
either shutter speeds or lens apertures in such 
a manner that the exposure value is automati- 
cally kept constant. This is realized in a num- 
ber of modern shutters. Here a special exposure- 
value control is set to the number which has 
been obtained either from an exposure table 
or a suitably calibrated meter. This control 
is coupled to the diaphragm. Once it has been 
set, any change in the shutter speed setting will 
automatically alter the diaphragm so that the 
total amount of light passed on pressing the 
shutter release remains constant. Thus the 
shutter cannot be re-set without altering the 
diaphragm opening, but the diaphragm can be 
changed independently of the shutter, thus pro- 


viding the same degree of flexibility as with the 
normal types of shutter. 

This cross-coupling feature of the exposure 
value system survives in cameras with built-in 
coupled exposure meters. As, however, the 
process of reading off and transferring an expo- 
sure value is eliminated, the exposure value 
scale becomes unnecessary. The meter setting 
control simultaneously sets also a correct 
aperture-speed combination; alternative com- 
binations are then selected as before by the 
cross-coupled controls. 

Choice of Speed-Stop Combination. All systems 
of exposure measurement give exposure recom- 
mendations in the form of a series of shutter 
speeds and lens apertures. The photographer 
must make the final decision about which 
particular combination of aperture and shutter 
speed he will use; a small aperture and a 
slow speed, or a large aperture and a fast 
speed? There is no meter that will give the 
answer. Provided that the effective exposure 
remains constant, any one of a number of 
speed-stop combinations can be chosen. 

There are two conflicting requirements to be 
reconciled. One is the need to stop down the 
lens to gain the utmost depth of field; the 
other is the need to keep the exposure time short 
so that a moving object or camera shake will 
not blur the picture. 

When a camera is focused for a certain 
distance, objects in a zone extending both in 
front of and behind the plane on which the 
camera is focused also appear reasonably 
sharp. This zone is the depth of field. 

The depth of field is governed, among other 
things, by the size of the lens aperture; the 
smaller the aperture, the greater the depth of 
field. So in the final speed-stop combination, 
the stop must be small enough to give a depth 
of field that will include all the objects that 
must appear sharp in the finished photograph. 

But if the object is moving during exposure, 
the image on the film will also be moving all 
the time the shutter is open. This means that 
no matter how quickly the shutter opens and 
closes the image is bound to be blurred. But 
the faster the shutter speed, the smaller the 
blur will be. So in deciding on the speed-stop 
combination, the speed must be fast enough 
to reduce the blur to such a small amount that 
it will not show in the final print. The per- 
missible amount of blur is decided by the 
diameter of the circle of confusion. 

Finally, if the camera is to be held in the 
hand, there is the need to guard against camera 
shake. For the majority of photographers and 
cameras, this means that to get a really sharp 
picture, the shutter speed should be 1/50 second 
or even shorter. Some people can hold a 
camera steady for as much as 1/5 second, but 
this ability is rare. 

The stop and speed finally chosen must 
reconcile the above — not always compatible — 
requirements. 
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Certain simple cameras with coupled meter 
relieve the photographer of this worry by pro- 
viding only one aperture-speed combination 
for each exposure setting — usually a compro- 
mise which would be used in the majority of 
cases. Such cameras may not even have aper- 
ture or speed scales at all, and make picture 
taking technique simpler — at the expense of 
some versatility in special conditions, where 


exceptional depth of field or high speed may be 
needed. W.F.B. 


See also: Actlnometers ; Characteristic curve ; Contrast; 
Exposure tables ; Extinction meters: Light values ; Photo- 
electric meters : Photometer: Reciprocity law; Serulto- 
metry: Speed of sensitised materials. 

Books: All About Exposure, by C. I. Jacobson (London); 
ELxposure, by W. F. Berg (London); Exposure Meters and 
Practical Exposure Control , by J. F. Dunne (London). 


EXPOSURE CALCULATORS. Devices which 
simply put all the information contained in an 
exposure table into a more convenient form. 
They generally take the shape of a slide rule 
with logarithmic numbers plotted in the form 
of scales, either along straight slides or circular 
discs. The most common calculators are really 
not pure calculators at all, but a combination 
of tables and a slide rule in straight or circular 
form. They are simpler to use than exposure 
tables, however, since a smaller number of 
steps is needed to get at the final exposure; 
thus the results are obtained with greater 
certainty by unskilled users. 

Book: Focal Exposure Chart , by W. D. Emanuel 
(London). 


EXPOSURE DATA. Information printed as 
a caption beneath a published photograph, in 
photographic magazines and journals, giving 
details of the shutter speed, aperture, etc., 
used when the photograph was taken. Often 
based on recollection or reconstruction. 

EXPOSURE METER. Instrument designed to 
measure the intensity of the light reaching the 
lens or (in some cases) falling on the subject, 
and to translate the result into a suitable expo- 
sure recommendation in terms of stop and 
shutter speed. Instruments which do this are: 
actinometers; photometers; extinction meters; 
photo-electric exposure meters. 

Exposure calculators are not meters. 


EXPOSURE TABLES 


Tables listing all the factors which affect the 
exposure. These are: the weather; the subject; 
the time (of the day and the year) and the 
latitude, which determine the altitude of the 
sun; the altitude; the speed or sensitivity of the 
photographic material; the filter factor. 

A figure is given to each. The user has to 
estimate the various conditions, and add up all 
the figures. The answer is a figure opposite to 
which the exposure can be read off in a final 
table. 

Alternatively, all this information may be 
conveniently contained on an exposure calcu- 
lator in the form of a slide rule or concentric 
discs. 

The basic idea underlying the design of 
all exposure tables and similar devices is that 
the various factors listed are independent of 
one another and that any one can vary without 
affecting the rest. But this assumption is only 
approximate and for this reason alone the 
results are not as accurate as those obtained 
with meters that measure the actual light on 
the spot. Still, for most purposes the latitude 
of the photographic materials is enough to 
take care of any errors. 

The main errors in the estimation of indi- 
vidual factors occur with weather conditions 
and subject brightness. While full sunshine is 
reasonably predictable in strength (except in 
industrial areas where smoke haze cuts out 
quite a lot of light), dull weather may vary 


widely according to the thickness of the cloud 
layer. Similarly, subjects in normal light are 
straightforward enough; scenes in the shade, 
especially under trees, etc., are rather unde- 
finable in brightness (e.g., the trees may be 
nearly bare or full of leaves). 

The following list shows by comparison 
what sort of accuracy can be expected from 
such methods of measuring exposure. It proves 
that quite satisfactory results can be obtained 
by the use of exposure tables or calculators. 

Exposure cables, charts and calculators 45% 

Extinction meters ... 07*0% 

Photo-electric meters ... ... 97-3% 

British Standard Exposure Tables. This reprint 
in full of British Standard No. 935, 1948 
Photographic Exposure Tables is given by per- 
mission of the British Standards Institution, 
from whom official copies of the specification 
can be obtained. 

In order to use the tables, the numbers corres- 
ponding to the appropriate conditions in 
Tables 1 and 2 should be added together. The 
British Standard logarithmic exposure index 
for the material used should then be subtracted 
from the total. The resulting number will 
enable appropriate values of exposure time and 
lens aperture to be obtained from Table 3, as 
shown in the example given below. 

(These indices do not represent relative 
exposures, but that an increase of three units 
in the total indicates doubling of the exposure.) 
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TABLE la. LATITUDE 0-15' 


EQUATOR.— Central Africa, Northern Congo. Cameroon!, Victoria Nyanza, Northern Brazil, Amazon River, Southern 
Guiana, Southern Venezuela, Ecuador, Southern Colombia, Southern Eaat Indies. 

0-15° N. Central Afrlo, Somaliland, Abyasinia, Southern Sudan, Guinea, Northern Guiana, Northern Venezuela, 
Panama, Northern Eest Indies, Southern Philippines, Ceylon. Southern India, Central America. 

0-15° S. Portuguese West Africa, Southern Congo, Nyasa Lake, Central Brazil, Northern Bolivia, Northern Peru, 
Southern East Indies, Extreme North of Australia. 


0-15* 

Noon 

II 

10 

f 

B 

7 o.m. 

0-15° 

North 


1 

2 

3 

4 

5 p.m. 

South 

June 

0 

0 

0 

0 

1 

2 

December 

July 1 

May / 

0 

0 

0 

0 

1 

2 

f January 
\ November 

August \ 

April J 

0 

0 

0 

0 

l 

2 

f February 
\ October 

September \ 

March / 

0 

0 

0 

0 

1 

3 

f March 
\ September 

October 1 

February / 

0 

0 

0 

0 

1 

3 

{ ism., 

November 3 

January / 

0 

0 

0 

1 

1 

4 

f M.y 

\ July 

December 

0 

0 

0 

1 

1 

4 

June 





TAKE lb. 

LATITUDE 

15-25* 




15-25° N. Southern Egypt, Northern Sudan, Sahara, Northern Philippines, South Mexico, Southern India, Indo-China, 
South Arabia. 

15-25° S. Northern Australia, Madagascar, Northern half of Union of South Africa, Southern Peru, Bolivia, Southern 
Brazil, Paraguay. 

15-25* 

North 

No an 

II 

10 

2 

f 

3 

B 

4 

7 

5 

4 ejn. 
4 p.m. 

15-25* 

South 

Jun. 

0 

0 

0 

0 

1 

2 

s 

December 

July \ 

Huy / 

0 

0 

• 

0 

1 

2 

t 

f January 
\ November 

Au«iM 1 

ak* / 

0 

0 

• 

0 

1 

2 

10 

/ February 
\ October 

Sapaambar 1 

Mardi / 

0 

0 

• 

0 

1 

3 

- 

/ March 
\ September 

Ocular \ 

Fabruary / 

0 

0 

0 

1 

1 

4 

- 

/ April 
\ August 

Nov.mbar 1 

January jl 

0 

0 

0 

l 

2 

7 

- 

/ May 
\ July 

Duambar 

0 

0 

1 

1 

2 

B 

— 

June 


TABLE Ic. LATITUDE 25-35* 


25-15* N. Tripoli, Tunla, Morocco, Southern States of U.S.A., Southern Japan, Southern China, Northern India, Persia. 
Palttrtlne, Southern Mediterranean, Northern Egypt. 

25-35* S. Southern half of Union of South Africa, Uruguay, Northern Argentine, Centrel Australia. 


25-35* 

Noon 

II 

10 

9 

B 

7 

4 ejn. 

25-35* 

North 


1 


3 

4 

5 

4 p JTt . 

5outh 

June 

0 
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0 

0 

1 

1 

4 

December 

July 1 

A 

A 

A 

A 

. 

1 

1 

4 

f January 

May / 

V 

V 

u 

V 




\ November 

August \ 

April J 

0 

0 

0 

0 

1 

2 

7 

f February 
\ October 

September \ 

March J 

0 

0 

0 

1 

1 

3 

- 

( March 
\ September 

October 1 

A 

A 

A 


2 

6 


f April 

February J 

V 

V 

U 

i 




\ August 

November ) 

January / 

0 

1 

1 

1 

3 

— 

- 

/ May 
\ July 

December 

1 

1 

1 

2 

4 

— 

— 

June 















TABLE Id. LATITUDE 35-45° 

35-45° N. Southern France, Spain, Portugal, Central States of U.S.A., Central Japan, Central China, Caspian Sea, Black 
Sea, Northern Mediterranean, Turkey, Greece, Italy. 

35-45° S. Central Argentine, Southern Australia, Now Zealand and Northern Patagonia. 


35-45° 

Noon 

II 

10 

9 

• 

7 

4 

5 a.m. 

35-45° 

North 


1 

2 

3 

4 

5 

4 

7 p.m. 

South 

June 

0 

0 

0 

0 

1 

1 

3 

» 

December 

July ] 

i 0 

o 

o 

o 

. 

1 

3 

_ j 
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May J 

f 9 







< 

November 

August 1 

i 0 

Q 

o 

o 

1 

2 

g 

— i 

February 

April 1 

f 0 







i 

October 

September \ 

i 0 

o 

o 

1 

I 

4 


— i 

March 

March J 

r 0 







1 

L September 

October 1 

i ■ 

1 

1 

1 

a 

10 
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February J 

r 1 




j 


\ 

l August 

November l 

January j 

) ' 

1 

1 

2 

5 

- 

- 

- i 

r May 
i July 

December 

l 

1 

2 

3 

7 

— 

— 


June 


TABLE le. LATITUDE 45-55" 

45-55° N. England end Walee, lire, North of France, Northern States of U.S.A., Southern Canada, Northern 
Japan, Northern China, Southern Russia, Germany. 

45-55° S. Southern Argentine, Falkland Islands. 


45-55- 

Noon 

II 

10 

9 

B 

7 

4 

5 IJTL 

44-51* 

North 


1 

2 

3 

4 

5 

4 

7 pjn. 

South 

June 

0 

0 

0 

0 

1 

1 

2 

5 

December 

July 1 

l 0 

o 

o 

o 

1 

. 

2 

y J 

’ January 

May J 

r 0 





1 
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August \ 
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o 

o 

1 

1 

2 

5 

A 
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1 

i 



1 

October 
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. 

1 

a 
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i 
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1 

1 
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1 

o 

A 
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1 

1 
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November \ 
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2 

3 

4 

— 

— 

— 
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2 

2 

4 

4 

— 

— 

— 

— 
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TABLE If. LATITUDE 55-45° 

55-45° N. Scotland, Central Canada, Southern Alaska, Central Russia, Southern Scandinavia, Denmark, Iceland. 
55-45° S. 


55-45° Noon II 10 9 • 7 4 5 4 ejn. 55-45° 

North 12 3 4 5 4 7 8 p.m. Smith 


June 

July 

May 

August 

April 

September 

March 

October 

February 

November 

January 

December 


I 


0 

0 

0 

1 

2 

4 

4 


0 

0 

0 

1 

2 

5 

7 


0 

0 

I 

I 

3 

7 


0 

I 


2 

4 


I 

I 

I 

3 

9 


I 
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4 


2 

2 


4 

10 


\ 
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January 
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February 
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March 

September 

April 
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July 
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TABLE Ig. LATITUDE 45-75° 

45-75° N. Central Greenland, Northern Alaska, Northern Russia, Northern Scandinavia. 
45-75° S. 


45-75° Nam II 10 98745432 I a.m. Mid- 45-71* 

North I 2 3 4 5 4 7 B 9 10 II p.m. night South 


June 

■vnHHBBnnnBwn 

December 

July 1 


January 

fUr J 


November 

August 1 


' February 

April J 


Ooakpr 

September 1 


‘ March 

March J 


September 

October 1 

L K K 7 J 

’ April 

February J 


August 
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TABLE 2a. 5CENE INDICE5 FOR BLACK-AND-WHITE NEGATIVE MATERIAL 
Land and marine scenes 


Scene 

Distant 

Semi- 

iistant 


Near-by 



Close-up 


Shade condition 



Un- 

shaded 

Light 

Shade 

Heavy 

Shade 

Un- 

shaded 

Light 

Shade 

Heavy 

Shade 

Clear sun 

... *49 

•52 

•55 

58 

61 

•58 

61 

64 

Hazy sun 

... *57 

•55 

•58 

61 

64 

•61 

64 

67 

Cloudy, bright... 

55 

58 

61 

64 

67 

64 

67 

70 

Cloudy, dull ... 

58 

61 

64 

67 

70 

67 

70 

73 


•Side lighting, add 3; back lighting, add 6. 

5 ky conditions. — Clear sun— scene illuminated by direct obscured sunlight, but light clouds may be present. 

Hazy sun— Che sun’s light weakened by a blanket of haze, but the sun's disc still visible. Haze may weaken sunlight early 
or late in the day, even if the sky is dear overhead. 

Cloudy, bright — the sun obscured by light cloud, but its approximate position discernible by a bright area in the sky. 

Cloudy, dull — the sky nearly or completely filled with heavy cloud. 

Shaded scenes. — Light shade— scene shielded from direct rays of sun but illuminated by about half of the open sky. 

Heavy shade— scene shielded not only from sun, but from most ofthe sky (e.g., scenes in narrow streets). 

Scene structure. — 5cenes are classified in Table 2a according to distance, because subject distance provides a fair index of 
lowest scene brightness; as the subject distance increases, dark parts of the scene appear to merge with lighter areas, 
nising the lowest scene brightness. 

Semi-distant objects, photographed with a long-focus lens to yield the effect of a close-up, should be treated as a 
close-up. 

Reversal films do not relate exposure so directly to lowest scene brightness and the classification of distance is omitted 
from Table 2b. It may be noted, however, that the scene indices given in Table 2b for side and back lighting may be varied 
by 3; decreasing the index increases the dramatic light effect, increasing the index yields more detail in shadow areas. 


TABLE 2b. 5CENE INDICES FOR REVERSAL MATERIAL* 


Back Light for 


Shade condition 

Front 

Light 

Side 

Light 

Lighting 

Effect 

Shadow 

Detail 

Light 

Shade 

Heavy 

Shade 

Clear sun 

52 

55 

55 

SB 

61 

64 

Hazy sun 

55 

57 

57 

59 

— 

— 

Cloudy, bright ... 

58 

— 

— 

— 

— 

— 

Cloudy, dull 

61 

— 

— 

— 

— 

— 


•These indices are for average coloured subjects. For light coloured subjects, subtract 2 from the index; for dark coloured 
subjects, add 2 to the index. 


TABLE 3. EXPOSURE REQUIRED 


Aperture 

1/20001/ 1000 1/500 

1/250 

1/100 

1/50 

Shutter Speed in Seconds 
1/25 1/10 1/5 1/2 

1 

2 

4 

8 

16 

32 

60 

r j* 

0 

3 

6 

9 

13 

16 

19 

23 

26 

30 

33 

36 

39 

42 

45 

48 

51 

m 

| 

4 

7 

10 

14 

17 

20 

24 

27 

31 

34 

37 

40 

43 

46 

49 

52 

fli 

3 

6 

9 

12 

16 

19 

22 

26 

29 

33 

36 

39 

42 

45 

48 

51 

54 

ru- 

4 

7 

10 

13 

17 

20 

23 

27 

30 

34 

37 

40 

43 

46 

49 

52 

55 

nt 

6 

9 

12 

15 

19 

22 

25 

29 

32 

36 

39 

42 

45 

48 

51 

54 

57 

nt 

7 

10 

13 

16 

20 

23 

26 

30 

33 

37 

40 

43 

46 

49 

52 

55 

58 

MIS 

9 

12 

15 

18 

22 

25 

28 

32 

35 

39 

42 

45 

48 

51 

54 

57 

60 

r 1 1 

10 

13 

16 

19 

23 

26 

29 

33 

36 

40 

43 

46 

49 

52 

55 

58 

61 

(9 

12 

15 

18 

21 

25 

28 

31 

35 

38 

42 

45 

48 

51 

54 

57 

60 

63 

f 8 or 

m 

13 

16 

19 

22 

26 

29 

32 

36 

39 

43 

46 

49 

52 

55 

58 

61 

64 

ft i 

15 

IB 

21 

24 

28 

31 

34 

38 

41 

45 

48 

51 

54 

57 

60 

63 

66 

at 

16 

19 

22 

25 

29 

32 

35 

39 

42 

46 

49 

52 

55 

58 

61 

64 

67 

MS 
ft or 

18 

21 

24 

27 

31 

34 

37 

41 

44 

48 

51 

54 

57 

60 

63 

66 

69 

fit 

19 

22 

25 

28 

32 

35 

38 

42 

45 

49 

52 

55 

58 

61 

64 

67 

70 

fi i 

20 

23 

26 

29 

33 

36 

39 

43 

46 

50 

53 

56 

59 

62 

65 

68 

71 

fit or 

fit 

22 

25 

28 

31 

35 

38 

41 

45 

48 

52 

55 

58 

61 

64 

67 

70 

73 

fit 

f 2 or 

23 

26 

29 

32 

36 

39 

42 

46 

49 

53 

56 

59 

62 

65 

68 

71 

74 

f l» 

25 

28 

31 

34 

38 

41 

44 

48 

51 

55 

58 

61 

64 

67 

70 

73 

76 

fl-Sor 

rn 

28 

31 

34 

37 

41 

44 

47 

5! 

54 

58 

61 

64 

67 

70 

73 

76 

79 
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Example . — A photograph of a near-by, 
unshaded subject is to be taken at 4 p.m. B.S.T. 
in September, at a latitude of 50° N., the sun 
being obscured by slight haze. The British 
Standard logarithmic exposure index of the 
material being used is 27 : 
from Table le — lat. 50° N.: Sept., 3 p.m. 

G.M.T. (4 p.m. B.S.T.) 1 

from Table 2 — hazy sun; near-by, un- 
shaded subject .. .. .. 58 

Total 59 

subtract the British Standard logarithmic 
exposure index 27 

Final number 32 

Suppose that the photograph is to be taken 
at / 9. In Table 3, in the line corresponding to 


/ 9, the number 32 does not occur therefore 
take the nearest figure, which is 31, and the 
exposure time indicated is 1/25 second. If an 
exposure time of 1/100 second be required, the 
aperture to be used would be/4. 

Care should be taken in using the figures for 
the light indices (tables la-lg) early and late 
in the day. The figures have been worked out 
for the middle of the respective months, and 
may not be reliable earlier or later in the 
month at the first or last hours of the day. The 
times used are local solar times, and this should 
be allowed for where local solar time differs 
from official local time. 

Illustrations: Plate Section IX. 

See also : Actlnometers; Extinction meters ; Photo-electric 
meters; Photometer. 

Books: AH About Exposure , by C. I. Jacobson (London); 
Exposure, by W. F. Berg (London). 


EXTENSION OF CAMERA. Strictly, the 
maximum distance to which the lens can be 
moved in front of the sensitive material. The 
term is also generally applied to the extent of 
the focusing movement where this involves 
travel of the lens as a whole. Normally the 
amount of extension available allows the lens 
to be focused on objects down to about 3 feet. 

With a double extension camera, a second 
sliding member on the baseboard allows the 
lens panel to be racked forward to give twice 
the normal lens-film separation. This permits 
objects to be photographed the same size. 

With a triple extension camera, the base- 
board is designed so that the lens panel can be 
racked forward to give about three times the 
normal separation, giving an enlarged image 
of objects. 

A double extension is mostly essential for 
copying and for photographing objects measur- 
ing an inch or two. A triple extension is useful 
for really close-up photography — e.g., macro- 
photography, botanical photography and 
philatelic photography. 

The extension can also be increased by the 
use of extension tubes. This method is only 
possible when the lens can be removed. 

Long extension tubes — e.g., giving the equi- 
valent of a double extension or more — are not 
used for the larger negative formats because 
they would be too bulky to be practical. For 
negative sizes greater than 2\ x 2J ins. any 
considerable amount of extra extension is 
achieved by using an extension box. This is 
simply a box-shaped adaptor of the same size 
as the negative which either fits in between the 
plate holder and the plate back or between the 
lens and lens panel. Where the whole outfit 
must be reasonably portable, the extension box 
may be constructed in the form of a collapsible 
bellows. Extensions of this type are used as 
plate cameras when working with lenses of 
abnormally long f ocal length. 


Extension and /-number. The marked value 
of the stop can be accepted as the actual 
effective aperture so long as the object is 
farther away than ten times the focal length 
of the lens. In practice this condition usually 
holds good within the focusing range provided 
by the normal single extension. But when a 
double or triple extension is used, the effective 
value of the aperture is appreciably reduced. 

The practical rule for finding the new value 
of the /-number is to multiply the marked 
/-number by N/(N-1) where N is the number of 
times the object distance is greater than the 
focal length of the lens. 

For example, if the object is one foot away 
when it is focused sharply by a 6 ins. lens (so 
that N = 2), then the effectiye aperture at any 
/-number is given by /-number x 2/(2- 1) — 
i.e., /-number x 2. So that a stop marked / 4 
would have to be regarded as/ 8 when working 
out the exposure. 

Extension and Magnification. The final pur- 
pose of devices for increasing the camera 
extension is to obtain a bigger image than the 
normal close limit of focusing will permit. If 
the scale on which the subject is to be repro- 
duced is S (i.e., size of the object x S = size 
of image) then thd amount of extension required 
is given by / x S. 

For example, if the object is to be reproduced 
to a scale of half life size with a lens of 2 ins. 
focal length, the length of extension required 
would be E = 2 x i = 1 in. 

Extension and Image Distance. When a lens 
of focal length f is required to work at a 
distance u from the subject, the amount d it 
must be racked forward from the infinity mark 
is given by the equation : 



For example, if a 10 cm. lens is to photo- 
graph an object 0-5 m. (50 cm.) away, the 
camera extension must be : 


423 



EXT 


100 


= = 2-5 cm. 


50-10 40 

Extension and Image Size. The size V of the . 
image of an object of size u formed at a given 
extension d by a lens of focal length f is 
given by the equation: 

d u 

v ~~r 

For example, a 5 cm. lens focused on an 
object 1 -5 cm. high with an extension of 2 cm. 
will produce an image 

= 2 X . 1 5 = 0-6 cm. high. 


That is, two-fifths the original size. 


F.P. 


See also: Bellows: Close-up*; Extension tubes; Macro - 
photography; Optical calculations; Re/lex attachments; 
Technical camera. 


EXTENSION TUBES. Tubes of varying 
length, threaded to take the camera lens at one 
end and to screw into the mount at the other. 
Extension tubes are used to increase the work- 
ing separation between the lens and the sensi- 
tive material to give a magnified image. They 
are used mainly for miniature and small 
cameras where they do not need to be of any 
great diameter. On larger cameras the exten- 
sion is usually provided in the form of double 
or triple extension bellows. 

Extension tubes are usually available in 
standard lengths: $ in., 1 in., 2 ins., etc. They 







at 

ddt 
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EXTENSION TUBES. A set of tubes used with an interchange- 
able lens camera will yield a range of magnifications up to 
several times natural size. For greatest magnification use 
most tubes and shortest focus lens. 

extend the focusing range in a number of 
fairly short zones. The focusing movement of 
the lens itself helps to bridge the gap between 
one fixed extension and the next. 

All the calculations for normal camera 
extension apply equally to extension tubes. The 
/-number correction is also the same. 

The third table below provides a range of 
scales of reproduction for each lens-extension 
tube combination. The lower limit of the range 


APPROXIMATE OBJECT DISTANCES (INCHES) AND SCALES OF REPRODUCTION 


Focal Length 
of Lens 

In. cm. 

0 1 

( 1:10) 

0 13 
(1:8) 

017 

(1:6) 

0 2 
(1:5) 

Object Distances for Scale of Reproduction 
02S 033 0-5 0 6 7 1 

(/:■*) (1:3) (1:2) (2:3) (1:1) 

IS 
(3: 2) 

2 

(2: 0 

2S 3 

(S: 2) (3:1) 

2 

5 

22 

10 

14 

12 

10 

0 

6 

5 

4 

31 

3 

21 

21 

2k 

6-25 

27k 

22t 

17* 

15 

12* 

10 

7* 

61 

5 

4 

3! 

31 

31 

3 

7-5 

33 

27 

21 

18 

15 

12 

9 

7{ 

6 

5 

41 

41 

4 

3k 

9 

30k 

31* 

2ik 

21 

17* 

M 

10* 

81 

7 

SI 

5| 

41 

41 

4 

10 

44 

36 

29 

24 

20 

16 

12 

10 

8 

si 

6 

5| 

51 

*k 

112 

49* 

40* 

31* 

27 

22* 

18 

13* 

Ml 

9 

71 

St 

<H 

6 

5 

12-5 

55 

45 

35 

30 

25 

20 

15 

121 

10 

Bi 

71 

7 

61 

5* 

13-7 

M* 

49* 

38* 

33 

27* 

22 

16* 

13) 

II 

4 

81 

71 

71 

6 

15 

66 

54 

42 

36 

30 

24 

18 

IS 

12 

10 

9 

Bl B 

7 

17*5 

77 

63 

49 

42 

35 

28 

21 

171 

14 

lit 

101 

»l 

91 

0 

20 

88 

72 

56 

48 

40 

32 

24 

20 

16 

131 

12 

Ml 

lot 

10 

25 

no 

90 

70 

60 

50 

40 

30 

25 

20 

ISJ 

IS 

14 

131 

12 

30 

132 

100 

84 

72 

60 

48 

36 

30 

24 

20 

18 

I6| 16 


APPROXIMATE OBJECT DISTANCES (CENTIMETRES) AND SCALES OF REPRODUCTION 
Focal Length Object Distances for Scale of Reproduction 


of Lens 
cm. 

In. 

01 

(1:10) 

0/3 

(1:8) 

0 17 
(1:6) 

0 2 
(1:5) 

0 25 
(1:4) 

0-33 

(1:3) 

0 5 
(1:2) 

0 67 
(2: 3) 

1 

(1:1) 

IS 
(3: 2) 

2 

(2: 1) 

25 

(5:2) 

3 

(3: 1) 

5 

2 

55 

45 

35 

30 

25 

20 

■T]| 



■n 

BH 


mm 

625 

2* 

69 

56 

44 

375 

31-2 

25 

■ [Bl 


Ba 

■ESI 


Hf7| 

■Li] 

7-5 

3 

83 

68 

53 

45 

375 

30 



EoM 

in 

lalM 

■TjJJ 

RH 

9 

3* 

99 

01 

63 

54 

45 

36 

In 


18 

15 


12-6 

12 

10 

4 

110 

90 

70 

60 

50 

40 

30 

25 

20 

16*7 

In 

14 

1 3-3 

11-2 

4* 

123 

101 

70 

67 

56 

45 

33 6 

28 

224 

19-7 

16-8 

15 6 

15 

12 5 

5 

137 

113 

88 

75 

63 

50 

375 

31-2 

25 

200 

108 

17-5 

16*7 

13 7 

5* 

150 

124 

96 

82 

69 

55 

41 

340 

274 

228 

20-5 

19*2 

10-2 

15 

6 

165 

136 

105 

90 

75 

60 

45 

37 £ 

30 

25 

225 

21 

20 

17-5 

7 

192 

158 

122 

105 

88 

70 

53 

44* 

35 

292 

267 

244 

23-3 

20 

0 

220 

180 

140 

120 

100 

88 

60 

50 

40 

33-3 

30 

28 

267 

25 

10 

275 

225 

175 

150 

125 

100 

75 

63 

50 

42 

375 

35 

33-3 

30 

12 

330 

270 

210 

180 

150 

120 

90 

75 

60 

50 

45 

42 

40 
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APPROXIMATE SCALE OF REPRODUCTION WITH EXTENSION TUBES 


EXT 


Focal Length Scale of Reproduction with Extension Tube of 

of Camera lens l in. fin. I in. If in. 2 in. 2i in. Jin. Jf in. 4 In. 6 in. 

in. cm. I -3 cm. I -9 cm. 2 5 cm. 3-8 cm. 5 cm. €-3 cm. 7-5 cm. 9 cm. 10 cm. 15 cm. 


2 

5 

2i 

625 

3 

75 

3i 

9 

4 

10 

4i 

11-2 

5 

12 5 

5* 

13-7 

6 

15 

7 

17-5 

0 

20 

10 

25 

12 

30 


O-25-OOI 0-38-0-44 0-5-0-56 0-75-0 81 100-106 1-25 1-5 1*75 2 3 

0-2-0-27 0-3-0-37 0-4-0 47 0-6-0-67 0 804) 07 1-00-107 1-2 1-4 1-6 2-4 

0-17-0 25 0-25-0-33 0-33-0-41 0-5-0-50 0-67-0-75 0-03-0-91 1-00-1-08 1-16 1*33 2 

0 14-0-24 0-21-0-31 0-29-0-39 0-43-0-53 0-57-0 67 0-72-0-02 0-06-0 96 1*00-1-10 1-14 1-7 

0 12-0 24 0-19-0 31 0 25-0-37 0-37-0-49 0 50-0-62 0-65-0-75 0-75-0-07 0 07-0-99 I -00-1*12 1-5 

0-11-0-26 0-17-0 32 0-22-0-37 0-33-0-48 0 44-0-59 0-55-0-70 0-67-0-02 0-78-0-93 0-09-1-04 1-33 

0-10-0 17 0-15-0-22 0 20-0-27 0-27-0 34 0 40-0-47 0 50-0-57 0-60-0-67 0-70-0-77 0-00-0-07 1-2 

0 09-0-16 0-I+-0 21 0-18-0-25 0-27-0 34 0-38-0-43 0-45-0-52 0 55-0-62 0 64-0-71 0 75-0-01 I I 

— 0-12-0-21 0-16-0-25 0-20-0-29 0-35-0-42 0-42-0-51 0 50-0-59 0-57-0 66 0 67-0 76 I 

— 0-11-0-22 0 14-0-25 0-21-0-32 0-29-0-40 0-36-0-47 0-43-0*54 0-50-0-61 0-57-0 60 0-05-0-96 

— — 0-12-0-10 0-19-0-25 0-25-0-31 0-31-0*37 0-30-0-44 0-44-0*50 0-50-0-56 0-75-0*01 

— — — 0-15-0-22 0-20-0-27 0-25-0-32 0-30-0-37 0-35-0-42 0-40-0-47 0-60-0-67 

— ~ — - — 0-17-0-26 0-21-0-30 0 25-0-34 0-29-0-30 0-33-0-42 0-50-0-59 


There Is not much point in using short extansion tubas with long focus lansas, as tha focusing extansion is often longer 
than the extension tube. 


applies to the lens when focused on infinity, the 
higher value to the lens focused on a clos#-up 
subject. The nearest focusing point of the lens 
alone is taken as about 3 feet (1 metre) for 
lenses up to 4£ ins. focal length, about 6 feet 
(2 metres) for 5-7 ins. lenses, and about 12 feet 
(4 metres) for 8-12 ins. lenses. The longer focus 
lenses are considered more as narrow angle 
lenses for miniature cameras, since the relatively 
narrow extension tubes would prevent them 
from covering the plate of a larger camera. 

With the very long extension tubes the actual 
range of scales of reproduction obtainable by 
varying the focusing setting is comparatively 
limited. So only one value is given in the 
table above. L.A.M. 

See also: Close-ups ; Extension of camera; Macrophoto- 
graphy; Optical calculations. 

EXTINCTION METERS. The early photo- 
graphers used to estimate exposure by observing 
the image on the ground-glass screen of their 
cameras and shutting down the lens diaphragm 
until the details of the picture began to dis- 
appear. The knowledge of the sensitivity of 
their material and a simple conversion table 
allowed them to determine the exposure. 

Visual Accommodation. The adaptation of the 
eye — i.e., its ability to see under a wide varia- 
tion of illuminations — makes the extinction 
method unreliable. After prolonged observa- 
tion under a dark cloth the eye will often see 
detail which was at first invisible. So to obtain 
reliable results with any extinction meter, the 
time of observation must be standardized. If 
this is done remarkably good results are ob- 
tained, even by different observers using the 
same meter. 

Construction. Since the majority of cameras 
have no ground-glass screen, separate extinction 
meters have been developed. Many modem 
extinction meters use a wedge of graduated 
density with a series of figures behind it. This 
is mounted in a tube or a flat tablet through 
which the scene to be photographed is observed. 
The last figure which can still be seen is referred 


to a table, adjusted for the film speed, from 
which the exposure is read off directly. 

Another type of extinction meter is simply a 
small camera in which a lens throws an image 
of the scene on to a small screen and in which 
the diaphragm is changed until the detail 
disappears. In another rather similar instrument 
the scene is used to illuminate a piece of opal 
glass against which a distinctive figure is placed. 
The diaphragm is altered until the figure 
becomes indistinct and the diaphragm reading 
gives the exposure directly from a table. 

At one time, a diaphragm attachment was 
available for twin lens reflex cameras enabling 
the viewing screen of the camera to be used as 
an extinction meter. 

Using Extinction Meters. The commonest 
source of error in using an extinction meter 
is to take too long over a reading. The re- 
markable powers of accommodation of the 
human eye will make it adjust itself to see faint 
figures in the meter that were invisible at the 
start. The extinction meter is probably the only 
instrument that gives more accurate results 


100 



VISUAL EXTINCTION METER. A, eyepiece. B, film speed scale 
on ring, also carrying shutter speeds. C, test object (cross, as 
shown below). D, diaphragm. E, diffusing screen. F, diaphragm 
adjusting ring carrying also aperture scale. In use the dia- 
phragm is closed down until test object just disappears with 
meter pointed at subject ; scales then indicate exposure settings. 
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when it is used quickly and carelessly than 
when it is treated deliberately. 

So with all extinction meters which are held 
close against the eye, the time of measurement 
must be standardized. This is not necessary 
with the type of meter which is held well away 
from the eye since in this case the general state 
of adaption of the eye is not altered. This type 
of meter is probably less reliable than the 
others and is normally available only in rather 
cheaply made forms. 

Since the extinction meter makes use of a 
rather ill-defined property of the human eye, it 
is not surprising to find that different users 
obtain different results with the same type of 
meter. So every user should calibrate his own 
meter to suit his personal characteristics. An 
extinction meter calibrated in this way can be 
a very reliable instrument. 


Most extinction meters are designed to accept 
light from the whole of the scene. This fact may 
give rise to misleading readings. The meters 
should never be pointed directly at the sun or 
they will give meaningless readings. W.F.B. 

See also: Actinometers; Exposure tables; Photo-electric 
meters; Photometer. 

Books: All About Using Exposure Meters , by L. A. 
Mannheim (London) ; Exposure, by W. F. Berg (London). 

EYE CAMERA. Special motion-picture camera 
designed to record the movements of a sitter’s 
eyes when looking at a picture for the first time. 
The film is analysed to show the order in which 
the various items and points of interest in the 
picture attract the attention of the viewer. 
Records of this type are made in the course of 
research into the functional value of picture 
composition and layout. 
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FABRIC PRINTING. There are several ways 
of making a photographic print on fabric. In 
some methods — e.g., diazotype — the image is 
produced by dyeing the actual fabric; in others, 
the fabric is simply used as a support for a 
silver or pigment image. 

Many formulae exist for preparing fabrics 
for daylight printing. If the fabric area to be 
covered is larger than the negative chosen for 
printing, an enlarged negative must first be 
made. 

Printing-out Method. The fabric to be printed 
is first well washed (preferably boiled), im- 
mersed in a sizing solution f or 3 minutes, and 
hung up to dry. A formula for a sizing solution 
is: 


Arrowroot 
Sodium chlorida 
Glacial acatic acid 
Tannic acid 

Dlstillad watar to maka 


88 grains 5 grams 

88 grains 5 grams 

| ounca 20 c.cm. 

88 grains 5 grams 

10 ounces 250 c.cm. 


The tannic acid is dissolved by boiling in 
about half the water. The arrowroot is made 
into a paste with a few drops of water, and the 
rest of the water is brought to the boil and 
poured on to it. The other ingredients are then 
dissolved, and the tannic acid solution is added. 

After sizing, the material is immersed for a 
few minutes in a 10 per cent solution of silver 
nitrate in distilled water containing 01 per cent 
nitric acid, and dried in total darkness. 

It can then be printed out, toned, fixed, etc., 
like ordinary printing-out paper. The fabric 
should be handled carefully in the printing 
frame to prevent it from moving and thus 
printing double. As a further safeguard, it 
may be stuck down temporarily with rubber 
solution mountant on to a sheet of stiff paper. 
Diazotype Printing. Diazotype images are 
based on the decomposition of dye-forming 
compounds by light. In diazo printing, the 
final dye image produced after coupling is 
faintest in the areas of the print that have 
received the greatest exposure. So a positive 
transparency must be used to give a positive 
image in the print. 


The fabric to be printed on is soaked in a 
hot (60-70° C.) 1 per cent solution of primu- 
line (not a primuline dye) for five to ten 
minutes. During that time it is worked about 
with a glass rod to ensure thorough penetration 
and even distribution of the primuline. It is 
then drained, rinsed in cold water, and hung 
up, preferably in a current of warm air, until 
it is quite dry. 

It is next immersed (in the dark) in a sensi- 
tizer solution containing 0-4 per cent sodium 
nitrite and 0-6 per cent oxalic acid. This solu- 
tion must be made up cold and used imme- 
diately. The fabric is then blotted between two 
sheets of blotting paper, and exposed straight 
away in a printing frame behind the positive 
transparency. 

The material is exposed until a small test 
piece, exposed directly to the printing light 
alongside the frame, gives only a slight colour 
when it is developed. 

Still in the darkroom, the exposed fabric is 
then soaked in one of the developer solutions 
below, and then thoroughly washed for about 
thirty minutes. 

After exposure the transparency should be 
washed to remove traces of sensitizer left on 
it by the moist fabric. 


DIAZOTYPE DEVELOPERS 


Chemicals 

Concentration of Ingredients and Colours 
Yellow Orange Brown Red Purple • Blue 

Phanol 

i% — 





_ 



Rasorcinol 

— 0«% 





— . 

— 

Sodium hydroxida — 0-9% 

— 

0-0% 

— 

— 

Pyrogallol 

— — 

1-2% 

— 

— 

— 

Bata-naphthol 

— — 

— 

0-6% 

— 

— 

Alpha- 






naphthylamina 

— — 

— 

— 

1*2% 

— 

Oxalic acid 

— 

— 

— 

01% 

— 

Eikonogan 

— — 

— 

— 

— 

1-2% 


•Aftar this developer the material should be rinsed In a 
5 par cant tartaric acid solution, and driad without furthar 
washing. Any remaining naphthylamina can ba ramovad 
from tha hands and dishaa by rinsing with tha sodium 
nitrita and oxalic acid solution followad by daan watar. 
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Iroo-SflTer Printing. This method makes use 
of the action of light in reducing ferric salts to 
the ferrous state in which they can be made to 
interact with silver nitrate to produce a silver 
image. It gives positives from negatives. 

The material is immersed, in the dark or by 
a red safelight, in the following solution and 

E oked about thoroughly with a glass rod for 
ve minutes: 


F«rric ovalat* 

Oxalic add 

Silver nitrate 

Distilled water to meke 


4 ounces 100 grams 

1 ounce 12-5 grams 
1 1 ounces 37 5 grams 

20 ouncas 500 c.cm. 


The oxalic acid and oxalate are dissolved 
in about half of the water, and the silver nitrate 
in the rest. The solutions are then mixed when 
required. The sensitizer must be kept in the 
dark. 

After immersion the fabric is drained, dried, 
and ironed out smooth, all by the light of a 
yellow safelig t of the kind used for contact 
papers. It is printed out until the image 
appears about half as dark as required, washed 
for ten minutes in the darkroom in running 
water, and fixed in a 5 to 10 per cent plain 
sodium thiosulphate solution. The process is 
completed by washing and drying the fabric. 
neto-Mortaat Dye- Printing. Fabrics may also 
be printed by using the photographic image as 
a taxis for a dye. One way of doing this is to 
wash the fabric well and then sensitize it with 
a solution of potassium or ammonium bi- 
chromate. After drying, the fabric is placed 
under the negative and exposed to daylight 
until a faint image appears. This image con- 
sists of chromium hydroxide which acts as a 
mordant for such dyes as alizarine and anthra- 
citic. The fabric is simply boiled in a solution 
of the appropriate dye, cleared in a solution of 
sodium hypochlorite, was ed in soap and 
water, and dried. 

Dyes may also be formed in the fabric by 
using the chromic acid available in the image 
to oxidiae an organic compound. 

Images formed in either of these ways are as 
permanent as the dyes used. The principle 
can also be applied to prints on a paper base. 
Artificial Light. Fabrics like canvas can be 
sensitized with an emulsion fast enough for 
contact or projection printing by artificial light. 

All operations, including the preparation of 
the fabric, must be carried out in total dark- 
ness or by a deep red safelight. (Absorption of 
light by the fabric, even before coating, is 
said to fog the material.) 

The fabric is soaked in soap-suds for about 
twelve hours, washed well in running water, 
and dried in the dark. It is then sprinkled with 
water and ironed with a moderately hot iron. 
It is next soaked in the presensitizing solution 
for 20 minutes. A suitable presensitizer is: 

Pooulum bromide 70 grains 4 grams 

Cadmium bramlda ft ounca 12 5 grams 

Potassium lodlda 70 grains 4 grams 

Olstlllad watar to make 40 euntas 1,000 ccm. 


The fabric is then dried and sensitized in the 
following solution : 

Silver nitrate 125 grains 7 grams 

Citric acid 30 grains 1*8 grams 

Distilled water to make 10 ounces 250 c.cm. 

For sensitizing, the fabric is best laid in the 
bottom of a clean dish. The sensitizer is then 
poured over it, and any air bubbles are broken 
up with a glass rod. After about five minutes, 
the solution is poured off and the fabric is 
dried in the dark. 

The sensitized material can then be treated 
in the same way as an ordinary bromide 
development paper. The speed of the emulsion 
varies with the temperature and other working 
conditions, so exposures have to be found by 
trial. L.A.M. 

See alio: Printing on special supports; Stripping . 

Book: 77** Complete Art of Printing and Enlarging , 

by O. R. Croy (London). 

FABRY, CHARLES, 1867-1945. French 
physicist. Director of the Institut d'Optique 
(Institute of Optics), Paris. Writer of books on 
photography and optics. Biography: Charles 
Fabry, Jubili scientifique, 3 Dicembre 1937 
(Paris 1938). 

FACTORIAL DEVELOPMENT. Method of 
developing by inspection in which the time 
to the first appearance of the image is multi- 
plied by a factor to give the total development 
time. 

The method was first suggested by A. 
Watkins, in 1893, for which reason the factor 
is generally referred to as the Watkins Factor. 
For those who develop by inspection, the 
method is reliable, although with fast pan- 
chromatic materials there is always a risk of 
fogging as the plate is scrutinized. Each 
developer has its own factor. 

FADING. Disappearance or discoloration of 
silver image in negatives and prints, especially 
the latter. It is due to insufficient washing or 
occasionally to insufficient fixing. With prints, 
fading may also be due to the use of mountants 
containing acid or traces of certain oxidizing 
agents such as free chlorine. 

A slightly faded image can sometimes be 
restored by bleaching it in a permanganate 
bleacher containing potassium bromide or 
chloride, followed by a rinse in sodium bisul- 
phite solution, a good wash, and redevelop- 
ment in a normal developer (e.g., M.Q. or 
Amidol). Alternatively, it may be copied on a 
blue-sensitive film or plate which will tend to 
reproduce the yellowish faded areas almost as 
dark as the unfaded ones. 

For maximum protection against fading, 
prints may be toned with sulphide or gold; 
they are t en less easily attacked by oxidizing 
agents. 

See also: Faults. 
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FAHRENHEIT SCALE. System of thermo- 
metry (called after its originator, the German 
physicist G. D. Fahrenheit) basad on the mis- 
taken assumption about the coldest tempera- 
ture attainable. Fahrenheit based his scale on 
the temperature of a particular freezing mixture, 
and with that as his zero, he graduated the 
mercury thermometer to register the boiling 
point of water as 212°. On this scale, the 
melting point of ice occurs at 32°. In spite of 
its unsound basis, the Fahrenheit scale has 
conveniently spaced degrees for most practical 
purposa. 

See also: Thermometer', Weight! and meaneej. 

FARADAY, MICHAEL, 1791-1867. English 
scientist. Showed for the first time a few of 
Fox Talbot’s photogenic drawings at the 
Royal Institution on 25th January, 1839. He 
also gave the first public description of the 
process on this occasion. 

Faraday was also interested in “the apparent 
animate movement of objects from the in- 
animate,” by which he meant the optical 
illusion caused by the rotation of the phena- 
kistiscope or zoetrope. Biography by S. P. 
Thompson (1898). 

FARMER, ERNEST HOWARD. 1860(7)- 
1944. English photographer. First Head of 
the Photographic Department of the Regent 
Street Polytechnic, London. Invented reducing 
bath (1883) (Fanner's Reducer) consisting of 
hypo to which is added ferricyanide of potash. 
Described in 1894 the reaction between the 
silver image of a bromide print, bichromate, 
and gelatin, which is the basis of the bromoil 
process. 

FARMER’S REDUCER. Name sometimes 
given to the potassium ferricyanide reducer 
after the originator, E. Howard Farmer. 

FASHION PHOTOGRAPHY. Fashion photo- 
graphs — i.e., pictures of models displaying 
various kinds of clothing — are used in direct 
and indirect advertising by the garment in- 
dustry, fabric manufacturers and retail depart- 
ment stores. 

As direct advertising, fashion photos are 
needed for press and poster advertisements, 
catalogues, and for selected distribution. 

The favourite method of indirect advertising 
is for firms making dresses to offer free pictures 
of their new styles to the editors of the women’s 
pages in the general press. Newspapers and 
magazines appreciate this service because 
fashion news is always interesting to their 
women readers. In return for providing free 
copy of this type, the garment manufacturer 
gets free publicity for his goods. Or the high 
class fashion papers may commission pictures 
with extra pictorial value to suit the editorial 
standard, principally studies of new creations 


evolved by famous dressmakers. This, In its 
way, is a more subtle, but highly effective 
channel of indirect advertising. 

So two principal types of fashion photo- 
graphs are in demand: simple pictures for the 
general press and for catalogues, and more 
sophisticated creations for glossy magazine 
editorial and advertisement pages. This division 
is superficial; in practice both types may be 
turned out by the same studio. 

The simpler pictures (which are or erad in 
large numbers to serve a thriving industry) may 
ba executed in studios with every advantage of 
space and equipment; and luxury pictures (for 
which the demand is more limited) may be 
produced by the aid of technical tricks in small 
studios without much equipment. 

Equipment. There is no best type of equipment 
for this work. The fashion photographer is 
judged solely by results — not how he gets them. 
Generally, he employs a plate camera when he 
is working in the studio; but this need not be 
so. Sometimes an individual photographer 
who has built up a reputation for outstanding 
work in other fields with a different sort of 
camera finds his pictures in demand for fashion. 
In this case he may continue using his own 
type of camera and, in fact, be expected to do so 
to please clients who want his style to be 
recognized. This is why some fashion pictures 
are taken with a miniature camera. 

Lighting. Some fashion photographers get 
their results by using simple lighting equipment, 
while others use highly complicated systems — 
e.g., boom lights swinging over the model’s 
head, back lights from gantries and floods 
behind the model for rim radiance effects, and 
so on. On the other hand, some of the leading 
fashion photographers in Paris prefer to work 
in daylight studios. 

Paradoxically, the simpler photos are often 
taken with the more elaborate set-ups. This is 
because the simpler photos — for trade cata- 
logues and mailing — are likely to be large 
orders involving many dresses at a session, and 
the photographer will not have the time to 
arrange a few lights precisely for each pose; 
he will use one general and elaborate set-up 
to suit a range of pictures. Such a set-up might 
include slatted silver reflectors on each side 
of the camera with powerful spots directed on 
to them to cast radiance on the telling points of 
a dress, general lighting from direct floods, and 
back lighting. The general effect is modified 
for different poses by the use of dimmers. 

Sophisticated photos — for which there is a 
smaller specialized demand from the classic 
fashion magazines — are regarded more as 
individual orders and each is treated on its 
own merits. The photographer here may 
achieve his effects more delicately with a few 
lights, and he will be able to afford the time to 
experiment on a single pose. 

The Fashion Picture. A fashion photograph is 
a picture of clothes; and primarily the art of 
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the fashion photographer lies in his ability to 
illustrate all the small telling and selling points 
of new gowns. 

Apart from being a good photographer 
he must understand the technicalities of the 
fashion business. Some of the tricks of the 
trade may appear simple, such as slipping a 
crushed ball of tissue paper under a cuff to 
insure that the line of cuff and sleeve are 
differentiated, or pinning a hem by a thread 
to the studio floor to give the flow of a full 
fall of skirt: but it is a deceptive simplicity. 
It requires specialized talent and a technique 
that can only be attained by experience; it is 
no easier to master than any other craft. 

The fashion photographer must be familiar 
with the changes in the year’s models. These 
are achieved by permutations and combina- 
tions of a number of details which he must 
emphasize explicitly in the picture. Naturally 
the picture must be attractive and pleasantly 
posed but, however graceful or arresting it may 
be, if it does not illustrate the selling points of 
the garment it will not be a fashion picture. 
Poses and Models. In the studio, models often 
have to hold very difficult poses in order to 
show off dress points; some fashion photo- 
graphers even employ invisible supports to 
grip a leg or hold an arm. Under these circum- 
stances only an experienced model can succeed 
in looking calm and relaxed. 

Models play a most important part in the 
fashion photographer's business and one of the 
ever-present problems of most fashion operators 
is the scarcity of trained women. A girl who 
has the poise and the looks to be a first-class 
model is liable to be snapped up by show busi- 
ness. In fact the success of many fashion 
photographers owes much to their flair for 
discovering models and keeping their interest 
for as long as possible. 

Properties. The simple pictures do not favour 
backgrounds or "atmospheric” surroundings 
— all emphasis is on the garments; but, for 
elaborate pictures, whole sets may have to be 
built or the model may be posed in a typical 
setting in or out of doors. Alternatively, the 
photographer may get the elaborate effect by 
double printing. Thanks to double printing, 
the smallest studio can create the effect of a 
large interior or an open air setting. Fashion 
photographers who specialize in elaborate 
pictures taken in this manner keep a library of 
negatives which they have built up for them- 
selves and which include all manner of scenes 
and a varied selection of patterns, designs and 
abstractions for creating a play of shadows or 
sprinkling the scene with spangles of light. 
Outdoor Work. Few fashion pictures for 
straightforward catalogue illustration are taken 
out of doors, as background is discouraged in 
such pictures; but editors of the classic monthly 
publications in particular like occasional 
exterior shots of country clothes and riding kit, 
etc., in a characteristic setting. As a rule the 


fit of these clothes is less exacting than in, say, 
decollete wear, and more informal poses can 
be attempted. Yet fashion photographers, 
when working out of doors, often find it 
necessary to create a deliberately incongruous 
pose — e.g., a ballet-inspired pose or gesture — 
to register dress points. The apparently natural 
“informal” out-door fashion photo can only 
be created by experts at the top of their class. 
Colour. In England, colour for fashion is 
generally confined to the elaborate pictures 
created for two or three special periodicals. 
These pictures may be taken in large studios 
which have storerooms of properties, or they 
may be taken in small studios where lack of 
sufficient properties of the right colour for any 
particular shot may have to be made good by 
projected colour from gelatin filters slipped in 
front of the lamps. 

Direction. Some fashion photographers can 
work to minute direction and others cannot, 
but practically all fashion photography has 
some direction. 

The simplest direction is verbal. Editorial 
and publicity specialists are present at the 
sitting to tell the photographer the things 
which he must or must not do — e.g., a public- 
relations officer from the firm making the 
dresses and commissioning the pictures may 
point out that it is the house policy not to 
allow models to smile and possibly distract 
attention from the dress; or a beauty editress 
may object that the way a model has been posed 
in a slumber gown shows the gown but does 
not conform to the most recent ideas on how 
the modem girl should relax. 

Very often such points cannot be brought up 
until the photographer has composed his 
picture and the experts have seen the all-over 
effect. The result is that the photographer may 
have to start arranging the pose all over again 
just when he was ready to shoot. 

Detailed direction may be given in the form 
of a drawing which the photographer has to 
copy as closely as possible. And as the sketch 
is often drawn by a commercial artist without 
any concession to the limitations of the camera, 
the photographer may have to exercise a great 
deal of ingenuity to produce a picture which 
corresponds to the drawn line. So fashion 
photographers who can work to this kind of 
exacting direction are in a class apart and are 
able to demand high fees. 

Generally speaking, to be successful with 
fashion, a photographer must either be the 
type who is willing to work under precise 
direction, or the brilliant stylist who can work 
only with some freedom but whose continued 
orders will depend on his ability to be fresh 
and original. These facts should be borne in 
mind by anyone who thinks of taking up fashion 
photography; they give another aspect of a 
business which has a certain unbusiness-like 
glamour for the outsider. O.B. 

See also : Commercial photography. 
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The photographic process involves so many 
variable factors that faults are bound to occur 
sometimes in its working. These faults may 
show up in a variety of ways. 

Identifying Faults. Before any attempt is made 
to trace a fault, whether by tables or personal 
investigation, the fault must first be identified; 
trouble-shooting charts are useless unless the 
user knows what type of fault he is trying to 
track down. 

Often the nature of the fault seems clear, 
but even so, it is better not to jump to a hasty 
conclusion. The defect should be examined 
closely — through a magnifier if necessary — and 
all peculiarities, however slight, should be 
noted. Any unusual circumstances which can be 
related to the fault, even remotely, should be 
bome in mind— e.g., very cold weather, a 
stock clearance bottle of developer, a sticking 
dark slide. 

Tracing Faults. The more common photo- 
graphic faults will be found in the tables that 
follow. The major faults which appear in these 
tables are also dealt with in detail in separate 
articles and information on these in the tables 
is therefore abbreviated. However, faults can 
be caused by so many things that it is almost 
impossible to anticipate every one. 

If a fault cannot be traced in the tables, 
systematic investigation should reveal the 
cause. 


First it is necessary to establish the stage of 
the process at which the fault occurred. This 
narrows the field and eliminates any causes 
outside that particular stage — e.g., to esta- 
blish if horizontal black lines across a print 
occurred when the print was made, the nega- 
tive is first examined. If this reveals similar, 
but clear lines, the print-making stage is at 
once cleared from blame. Black marks on the 
negative that only appear in the picture area 
and not in the border left by the rebate in the 
camera indicate that the trouble could have 
only happened when the film was in the camera 
with that part of the negative in position in the 
film aperture. By further investigations, other 
possibilities are similarly eliminated until the 
source of the trouble is revealed. 

Often, however, such a methodical system 
points to more than one answer. A fault may 
arise at any one of several stages — e.g., exces- 
sive grain might be caused by faulty film 
material, over-exposure, unsuitable developer, 
high processing temperatures, etc. When this 
happens it may be possible to eliminate some 
causes— e.g., over-exposure would show other 
signs as well — but failing this, the only course 
available is to check each stage. 

If no satisfactory solution can be found in 
this way, photographic publishers and manu- 
facturers are usually willing to give advice if 
full details are provided. 


FAULTS IN NEGATIVES 


Description 


Cause 


Treatment 


Image lacks detail in shadows 

Image weak and flat, but reasonable 
detail in shadows 

Image dense, shadows veiled, highlights 
very flat but dense. Border of negative 
dear 

Image hard, with particularly dense 
highlights but good contrast and detail 
in shadows 

Image extremely thin, very little detail, 
especially in shadows, very weak contrast 

Image hard with very little detail in 
shadows 

Very little contrast and absence of 
strong densities but plenty of detail in 
negative 

Image extremely dense ali over with no 
clear celluloid or glass except around 
rebate 

Image fades after some time and/or 
turns brown 

Image and emulsion vanish during after- 
treatment in certain solutions 

Partial or complete reversal of negative 
to a positive image 


Under-exposure 

Under-development 

Over-exposure 


Over-development 


Under-exposure and under- 
development 

Under-exposure and over- 
development 

Over-exposure and under- 
development 

Over-exposure and probably over- 
development 

Insufficient washing and/orflxing 


Excessive immersion times in acidi- 
fied baths, or use of baths too 
strongly acid 

Accidental fogging, possibly due to 
unsafe darkroom light, before or 
during development 


Density of any faint detail present can be 
improved by intensification 
Intensification or make a contrasty dupli- 
cate negative (optical intensification) 
Subtractive reduction 

Proportional reduction 


Difficult to improve. Intensification or 
make a contrasty duplicate negative 
(optical intensification) 
Super-proportional reduction to reduce 
highlights, then intensify to improve 
shadows 

Proportional reduction to lower over-all 
density, then intensify to increase con- 
trast 

Proportional reduction 


If deterioration not too advanced, bleach 
in halogenizing bleacher and redevelop 
in ordinary developer 
None 


None 


431 






FAU 


FAULTS IN NEGATIVES 


Description Cause Treatment 


Negative shows over-all vail, particu- 
larly In shadows; no daar aalluloid or 
glass visible 

(1) Borders of negit I ve perfectly dear Over-ell fogging occurring when Subtractive reduction to clear shadows 

negitlve was in camera. Caused by 
faulty shutter or light leak 

(2) Borden of negative also veiled Over-all fogging due to excessive Subtractive reduction to clear shadows 

development time; developer tem- 
perature too high; developer ex- 
hausted; developer Incorrectly 
mixed; unsafe darkroom light; light 
leaks In omen back, film packing, 
darkroom or processing tank; faulty 
sensitized material due to staleness, 
packing, etc: or aerial fog due to 
excessive exposure to air during 
development 

Over-all fog on negative (including Dlchrolc fog, due to developer ex- Bathe negative in solution of thiourea 
borders) which appean red by trans- haustion or contamination with and citric acid (1-2 per cent each) in 
mitted light and blue by reflected light hypo; developer too warm or de- water 

velopment time too long; too high 
sulphite content In flne-grmln 
developers; fixing bath exhausted or 
too warm; fixing bath contains excess 
of carrled-over developer due to ex- 
hausted stop-bath or Insufficient 
rinse; or negative exposed to strong 
white flight .before completely fixed 

Image very dull and dear areas ob- Insufficient fixing Refix and wash 

■cured; back of negative has brownish 

appearance 

Over-all fog which Is yellow by trans- Similar to dlchrolc fog As for dichrolc fog 

mitted light 

Edge of negative shows black fog, tailing Light leak due to faulty plate-holder Use abrasive reducer or retouch on 
off towards centre of negative or camera back; roll film loosely print 

wound or exposed excessively to 
daylight during loading, unloading 
or storage; or red window In camera 
unsafe 

Numbers and other markings from roll Badly stored or stale film In slight cases, retouch negative or print 

film backing paper appear as Image on 

film 

Irregular, forked or tree-like wavy black Fogging caused by static electricity Retouch on negative or print 
lines, sometimes resembling lightning discharged when roll film Is un- 
rolled quickly in very dry weather. 

Black lines or smudges over image, but Pinhole in bellows or camera body In very slight cases retouch print 
not on borders of negative 

On films only, very short black lines. Cinch mark, due to film buckling Retouch on negative or print 
right-angled and thinner at ends; some- 
times coinciding with identical depres- 
sion on film surface 

Imago has light streaks or lines around Mackio lines, due to insufficient agi- In slight cases, retouch negative or print 
the edge* of dark areas or running In tation of dovoloper, causing local 
straight lines from dark areas; or, concentration of exhausted developer 
similarly, dark lines on light areas 

Density irregular and streaky Insufficiently mixed or unstirred de- None 

veloper; or insufficient agitation 
during development 

Thin, dark or light straight scratches on Abrasion marks or scratches, due In slight cases, negative or print may bo 
negative to dust, grit or faulty film loading, retouched 

Light scratches usually occur before 
exposure, dark scratches aftor ex- 
posure 

Large, Irregular, light areas with sharp Unequal How of developer during None 
edges processing, causing uneven develop- 

ment 

Irregular areas of higher density Variations In developer concentre- None 

tlon or temperature, duo to ad- 
dition of developer during develop- 
ment 
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FAULTS IN NEGATIVES 

Description Couse Treatment 


Irregularly defined light areas, often 
contaminated with scum 


Regular wave-llke markings on dish 

developed negatives 

Speckled and mealy unevenneis of image 

density 

Gradual Increase In density towards one 
end of negative; with plates, sometimes 
very noticeable at edges 
Edges of high densities (bright parts of 
subject) spreading Into lower densities 
Halos or rings around very high densi- 
ties (usually light sources in the picture) 

Curved lines of Increased density; may 
be accompanied by star-shaped Images 
Finger marks 
(I) Light marks 


(2) Dark marks 


Small, usually well defined, light or dark 
spots 

Clear, light, circular spots with soft 

edges 

Small dark or light flecks of Irregular 
shape 

Small, light, undefined brownish specks 

Light or dark droinllke densities, some- 
times with darker edges 


Black specks of foreign matter in emul- 
sion 

Small, clear holes In emulsion 


Holes or hollows In surface of negative 


Small blisters in emulsion 


Emulsion leavlng-.negative support (liable 
to occur with plates), particularly at 

edges 

Image distorted and emulsion melting 

Surface of negative dries with a fine 
graln-llke pattern In emulsion surface. 
Often feels rough when dry 
Negative appears opalescent and yellow- 
Ish-white 


Fine-grained white deposit 

On wet negatives, shiny deposit which 
drlea with a white powdery appearance 

Surface of negative has frosty deposit 
Streaky markings similar to appearance 
of oil on weter 

Red, blue or green tinge on negative 
support 


Developer standing unprotected 
from dust and air, causing a scum of 
oxidation products which locally 
retard development 
Insufficient agitation during develop 
ment 

Deterioration resulting from damp 
storage or stateness of material, or 
use of old developer 

(1) Uneven drying 

(2) Faulty foeal plane shutter 

Irradiation, due to light scatter in 
emulsion 

Halation, due to reflection of light 
from negative support, particularly 
with glass plates 
Lens flare 


Negative contaminated with grease 
or fixer from fingers before develop 
ment 

Negative touched before develop- 
ment, with moist finger-tips, or 
fingers contaminated with developer 
Ordinary or chemical dust on nega- 
tive before development 
Alr-bells on negative during early 
stages of development 
Particles of undlssolved chemicals in 
developer 

Over-used and Insufficiently agitated 
developer 

Drying marks, due to persistent 
drops of water when remainder of 
negative is dry; or splashes of water 
when negative is dry 
Grit in processing solutions (par- 
ticularly washing water); or dust in 
drying 

Black specks in emulsion which have 
been dislodged and washed or wiped 
away 

Due to insects, bacteria or moulds, 
particularly during long drying times 
in warm, moist weather 
Usually due to transferring negative 
from highly alkaline developer to 
strongly acid stop bath or fixer 
Frilling; often a manufacturing fault 
but may also be caused by same 
reasons as blisters; or by excessive 
handling of edges with warm Angara 
Excessively high temperatures dur- 
ing processing or drying 
Reticulation, due to sudden changes 
in temperature between different 
processing solutions 
Sulphur from decomposing fixer, 
due to excess of add; high tempera- 
ture; or insufficient sulphite in 
acetic acid fixers 

Chalky residue from very hard water 

Precipitate of aluminium sulphite, 
due to fixing bath losing acidity 

Insufficient washing after fixing 
Dirty or contaminated dishes or 
tanks used In processing 
Anti-halation backing, which should 
normally disappear during pro- 
cessing 


None 


None 

None 


Depending on extent, negative may be 
“shaded” during printing 

In slight cases, retouch negative or print 

In slight cases, retouch negative or print 


Use abrasive reducer or retouch on 
negative or print 

In slight cases, retouch negative or print 


In slight cases, retouch negative or print 


Retouch negative or print 

Retouch negative or print 

Retouch negative or print 

Retouch negative or print 

Sometimes removed by thorough re- 
washing; wipe away all surplus water 
before drying again 

Do not attempt to wipe away persistent 
specks; retouch print 

Spot out hole with blocking out medium; 
retouch print 

In slight cases, retouch negative or print 


Prick blisters with needle before dry, or 
retouch print 

Carefully replace emulsion before dry 


None 

None. When gelatin anti-curl backing on 
roll film reticulates, it will not usually 
show on prints 

Harden In I per cent formalin and then 
bathe in 10 per cent solution of sodium 
sulphite at about 100° F.; wash well 

Bathe negative in 2 per cent solution of 

acetic add; wash well 

Harden In I per cent formalin and then 

bathe In 5 per cent solution of sodium 

carbonate; wash well 

Re-wash 

Bathe negative in 1-2 per cent solution 
of acetic acid 

If colour is deep or uneven, soak negative 
in 5 per cent sodium sulphite solution 
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FAU 


FAULTS IN PRINTS 


Description 


Cause 


Treatment 


Flat tones showing insufficient contrast 
but adequate detail in highlights 


Tones too light but show evidence of 
correct contrast 


Tones very contrasty with little detail 
in highlights; shadows dense 


Over-all heavy tones with veiled high- 
lights 

Tones show good contrast and quality 
but highlights not clean 

Image and print borders fogged all over 


Tones are a greenish-black colour 


Prints turn yellow on keeping 


Prints turn yellow or brown during 
processing 


Yellow or brown stains 


Brown marks on hot glazed prints 


Sharply defined patches of uneven den- 
sity 

Blotchy, uneven density with very flat 
contrast 

Surface has white streaky scum 

Small, black spots, clearly defined; no 
corresponding spots on negative 


Small white spots, clearly defined; no 
corresponding spots on negative 


(1) Contrast grade of paper too soft 
for negative used 

(2) Print was over-exposed and 
under-developed 

(3) Developer too dilute or too cold 

(1) Paper was under-exposed 

(2) Developer exhausted 

(3) Print was slightly under-de- 
veloped 

(1) Contrast grade of paper too hard 
for negative used 

(2) In slight cases, print under-ex- 
posed and over-developed 

(1) Print was over-exposed 

(2) Developer too warm 

(3) Severe over-development 

(1) Print slightly over-exposed and/ 
or over-developed 

(2) Very slight fogging 

(1) Unsafe darkroom safelight 

(2) Unsafe enlarger safelight filter 

(3) Stray white light from enlarger 
or, during exposure, reflection from 
light walls, etc. 

(4) Darkroom not thoroughly 
blacked-out 

5) Paper stale 

6) Developer contained insufficient 
potassium bromide, was too warm 
or too concentrated 

(1) Chloride and bromide prints 
under-developed 

(2) Chlorobromide prints over- 
developed 

f3) Developer exhausted 

(4) Excess of potassium bromide in 

developer 

(1) Incompletely fixed or insufficient 
washing after fixing 

(2) With mounted prints, mountant 
used contains free acid, or impuri- 
ties present in mount 

(1) Excessive development 

(2) Developer contaminated with 
hypo or containing insufficient po- 
tassium bromide 

(3) Developer too warm 

(4) Insufficient rinse between de- 
veloping and fixing 

(5) Fixer insufficiently acid, possibly 
due to developer contamination 

(1) Inefficient agitation or prints 
stuck together during fixing 

(2) Exposure to white light before 
fixing was complete 

(3) Insufficient rinse between de- 
velopingand fixing 

(4) Exhausted or insufficiently acid 
fixer 

Insufficientfixing or washing 


Print not completely covered by 
developer at beginning of develop- 
ment 

Development time much too short 

(1) Dirty dishes 

(2) Hard water used in washing 

(1) Undissolved chemicals in 
developer 

(2) Air bubbles in rinse, stop bath of 
fixer 

1) Air bubbles In developer 

2) Small impurities in paper 


No satisfactory remedy, make new print 

No satisfactory remedy, make new print 
No satisfactory remedy, make new print 

No satisfactory remedy, make new print 

Very short immersion in Farmer's 
reducer 

No satisfactory remedy, make new print 


Print may be toned if colour is objec- 
tionable 


Bleach in concentrated halogenlzing 
bleacher and redevelop in ordinary 
developer 


Try developer stain remover 


Bathe in appropriate stain remover after 
refixing and rewashing in cases (I) and 
<■*> 


In some uses, bleach in a potassium 
permanganate bleacher and then re- 
develop, wash and dry 
None 


None 

Immerse in bath of2 per cent acetic acid 
Retouch 


Retouch 
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FAULTS IN PRINTS 


FAU 


Description 

Cause 

Treatment 

Irregular and concentric ring shaped 
markings 

Newton’s rings, due to minute gap 
between negative and enlarger 
carrier glasses 

Retouch 

Blisters in emulsion 

(1) Differences in temperatures of 
processing solutions too great 

(2) Differences In alkalinity of de- 
veloper and acidity of stop bath or 
fixer too great 

In slight cases, remove loose emulsion 
and retouch with medium thickened 
with gum 

Fine, short black lines 

Stress marks, due to pressure or 
creasing on emulsion 

Retouch 

Mottled tones, although print was fully 
developed 

Stale paper 

None, but stale paper can be used if a 
developer improver is first added to 
developer 

Greenish image tones 

Under-development, exhausted de- 
veloper, or stale paper 

Tone in direct gold tones; can be avoided 
by use of developer improver 

Black or fogged edges 

Paper stored In damp or very warm 
room, or near gas stove or fire from 
which gas has reached paper 

None, but in slight cases paper can 
sometimes be used if developer improver 
is first added to developer 

Jmage reversed left to right 

Negative placed wrong way up in 
enlarger or printing frame 

None 



FAULTS IN THE PICTURE 


Description 

Cause 

Treatment 


Image blurred ell over 


Image consistently blurred in one area 


Moving objects blurred 

Near objects sharp, far objects blurred, 
or vice versa 

Image blurred and flat in contrast ell 
over 

Picture confined to circle shape, image 
dark and blurred 

Out-of-focus blob intruding into picture 
area on some or all pictures 


Dark corners 


Framing of subject consistently in- 
accurate 


Two different images in same picture 
Moving parts of subject appear in pic- 
ture twice as double image 

Dimensions of subject distorted 


Clouds In skies fail to register clearly 


(1) Incorrect focusing of camera or 
enlarger 

(2) Camera or enlarger shake 

Film plane not flat, due to opening 
bellows too sharply with film 
cameras; distorted camera back or 
plate holders; f aulry loading of plates 
or films; or weak or broken pressure 
plate In roll film cameras 
Shutter speed too slow to arrest 
movement 


Double-exposure 

Shutter bounce, due to shutter 
bouncing momentarily open after 
initial exposure 

(1) Foreshortening, due to using 
viewpoint too close to subject 

(2) Distortion due to lens 
Relative over-exposure of sky which 
could be avoided by using filter 


None 

None 


None 


None 

None, but have shutter examined by 
reliable camera repairer 

None, but in the case of (I), a more 
distant viewpoint should have been 
chosen 

Give sky extra exposure during printing 


Insufficient depth of field, due to 
using too large lens aperture 

Lens misted over, due to condensa- 
tion when cold lens is brought into 
contact with warm air. Dirty lens 
Lens not extended on cameras fitted 
with collapsible mount 
Holding camera so that hand or 
fingers obstruct lens; flap of ever- 
ready case obstructing lens; or wide- 
angle lens used in plate camera with- 
out wide-angle rack 
Unsuitable lens which does not 
cover complete negative area. If 
edges are pronounced, lens hood of 
wrong design used, or rectangular 
lens hood fitted on incorrectly. 

(1) Viewfinder mounting out of ad- 
justment 

(2) Wrong viewfinder for lens fitted 
on camera 

(3) Faulty sighting with frame type 
viewfinders 

(4) Failure to compensate for paral- 
lax errors 


None, but with some subjects it can be 
used intentionally to subdue unwanted 
parts of picture 
None 


None. In slight cases, exclude in masking 
of enlargement 


In slight cases, exclude in masking of en- 
largement or shade during printing 
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FAU 


FAULTS IN COLOUR TRANSPARENCIES (POSITIVES) 


Description 


Cause 


Treatment 


Image too light and coloun weak 


Image too dark 

Highlights burnt-out or shadows 
blocked-up 

mage excessively orange In colour 

Image excessively blue in colour 

Image consists almost entirely of one 
colour only 

Some coloun correct, othen un- 
accountably false 


Additive transparencies with only black- 
and-white image 


(11 Over-exposure 

(2) Incorrect processing, especially 

if excess of one colour is present in 

trl-pack materials 

(II Under-exposure 

(2) Incorrect processing, espedelly 

if colour rendering is inaccurate 


(1) Brightness nnge of sublect too 
great 

(2) Incorrect processing 

(1) Daylight film u<ed In artificial 
light. This is most likely cause 

(2) Incorrect processing 

(1) Artificial light film used In day- 
light. This Is most likely cause 

(2) Incorrect processing 

(1) Monochrome filter left over 
camera lens 

(2) Incorrect processing 
f3i Coloured light used 

(4) Sheet film exposed through base 
fl) Uneven or mixed lighting used 
for subject 

(2) Vapour discharge lighting used 
for subject 

(3) Colour casts reflected from ob- 
jects near subject 

Placeholders or cassettes loaded 
with film wrong way round 


Only (I) can be treated, in the case of 
additive transparencies, by intensification 


Additive transparencies may be improved 
by reduction. With trl-pack materials, 
manufacturer may suggest satisfactory 
formulae for treatment 
None 


Try binding pale blue filter tint over 
transparency 

Try binding pale pink filter tint over 
transparency 

None 

None 

None 


Treatment 


FAULTS IN GLAZING AND MOUNTING 
Description Cause 


Prints stick and cannot be stripped 
when dry 

Unglazed spots on surface of glazed 
print 


Glazed surface shows oyster-shell mark- 
ings 

Glazed surface covered in fine scratches 

Prints refuse to glaze 

Wet mounted prints will not stick 


Dry mounted prints will not stick 

(1) Tissue sticking to mount, but not to 
print 

(2) Tissue sticking to print buc not to 
mount 

Dry mounted prints only sticking in 
places 

Dry mounting tissue will not stick to 
either print or mount 
Dry mounting tissue protruding from 
edges of mounted print 


(1) Glazing sheet was dirty 

(2) Glazing solution exhausted 

(1) Air bells trapped between print 
and glazing sheet 

(2) Squeegee applied too heavily or 
too lightly 

(3) Dirty glazing sheet 
Uneven drying 

Glazing sheet covered In fine 
scratches 

Prints left for too long in an acid 
hardening fixer 

(1) Too little, or more likely too 
much mountant used 

(2) Print applied to mount before 
mountant was tacky 


(I) Too much heat 


(2) Insufficient heat or too short 
pressure 

Uneven application of heat or pres- 
sure 


(1) Scale tissue 

(2) Iron or press not hot enough 

(1) Print not absolutely dry before 
mounting 

(2) If tissue was trimmed after tack- 
ing on to print, trimmer blade may 
have pulled tissue and print un- 
evenly, trimming more of latter 


Soak In water to remove and then re- 
glaze 

Soak in water and then re-glaze 


Soak in water and then re-glaze 

Soak in water and re-glaze print on new 

glazing sheet 

None 


Remove immediately, clean and re- 
mount 


Adjust temperature or time of prvslng 


When due to too much heat. It la better 
to allow print to cool for a few seconds 
before trying agal n 
Ml None 

(2) Check equipment 
May be removed bv carefully trimming 
with razor blede, then pulling cut strip 
free of mount 
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FAULTS IN GLAZING AND MOUNTING 


Description 


Cause 


Treatment 


Mounted prints hive slightly uneven 
surface or light creases 
Cockling— l.e., smell areas of print 
leaving mount and swelling Into irre- 
gular hump shapes 


Surface or image of print damaged by 
dry mounting 


Dye retouching shows after mounting 
print 


Too much wet mountant or creases 
in dry mounting tissue 
Moisture in print or mount before 
dry mounting 


(1) Type of print unsuitable for dry 
mounting— e.g., carbro prints, trl- 
pack colour prints 

(2) Glazed prints dry mounted with 
textured surface between print and 
heat source 

Colour of dye changed by heat; dye 
retouching should be done after 
mounting 


In some cases, print may be removed, 
cleaned and re-mounted 
If print can be removed: dean, wash and 
dry thoroughly; ensure mount is per- 
fectly dry; then re-mount print. Some- 
times, with dry mounting, can be re- 
moved by applying heat with heavy 
pressure 
(I) None 


(2) Remove print and re-glaze and re- 
mount 

Some improvement possible by retouch- 
ing again 


Illustrations: Plate Section VI. 

See also: Aberrations of lenses; Abrasion marks; Air 
bells; Blisters; Camera shake; Contact printing; Converg- 
ing vert ides; Covering power; Developing negatives; 
Developing prints; Dlchrolc fog; Distortion: Double 
exposure; Drying marks; Enlarging; Fading; Fingerprints; 


J.D.C. 

Flare; Fogging; FriBlng; Ghost; Grain: Halation; Irra- 
diation; Movement; Newton's rings; Over-devalopmani; 
Over-exposure; Reticulation ; Solarixatlon; Spots: Stains: 
Under-aevelopment; Under-exposure. 

Book: All About Tracing Troubles, by A. Merryweather 
(.London), 


FEDERATION INTERNATIONALE DE 
L’ART PHOTOGRAPHIQUE. International 
movement officially launched in 1947 with the 
broad aims of raising the status of amateur 
photography as a common cultural link be- 
tween nations, improving photographic tech- 
niques by the interchange of ideas, and con- 
tributing, by its international associations, to 
world peace. 

There are affilia ted associations in a large 
number of countries spread over both hemi- 
spheres, and representatives meet and exchange 
views at periodical gatherings. The F£d£ration 
organizes a biennial international photographic 
exhibition and issues monthly bulletin to 
members. These bul etins draw attention to 
matters of technical interest in the photographic 
press and give members regu ar reports on the 
work of the branches and committees. 

Prints from the biennial salon are circulated 
for exhibition to »<bk««»h associations through- 
out the world with the object of letting not 
only photographers, but the ordinary citizen 
of each nation learn omething of the activities 
of other nations in a language that all can 
understand. The Fidiration publishes a year- 
book of representative photographs following 
the biennial exhibition. E.B. 

FEERTYPE. Process invented by Dr. Adof 
Feer in 1889. Paper is sensitized with a diazo 
compound which forms a coloured salt when 
exposed to light. The paper is exposed under a 
negative and washed to remove the unused 
chemkals, leaving a positive image in the 
selected colour. 

See also: Obsolete printing processes. 


FEES. Prints accepted for publication in the 
press or any form of illustrated literature — 
e.g., travel guides, catalogues, brochures — are 
paid for at rates which vary according to the 
publication, size of reproduction, etc. 

Prices charged for taking photographs — 
e.g., for commercial or private customers — 
depend on the type of work undertaken, the 
number and size of the prints supplied, and 
numerous other factors such as local supply and 
demand. 

See rIao : Prices of commercial photographs; Reproduction 
fees; Selling photographs. 

FENTON, ROGER, 1 8 1 9-69. English barrister ; 
from 1847 till 1862 architectural, landscape 
and portrait photographer. Founder and first 
Honorary Secretary of the Royal Photographic 
Society (1853). The first to photograph war 
scenes under fire and to take the actual battle- 
fields. Sailed from England in February 1855 
aa aaredited war photographer for the 
Crimran War and took during the spring of 
1855 over 350 photographs. Biography by H. 
& A. Gernsheim (London 1955). 

FERGUSON, WILLIAM BATE, 1853-1937. 
Engish scientist; member of the Research 
Laboratory of Ilford Limited. With B. E. 
Howard he worked out the time and tempera- 
ture method of development (1906). Received 
the Progress Medal of the Royal Photographic 
Society in 1914 for his researches, discoveries 
and publications on the physics and chemistry 
of photography. He edited the Hurter and 
Driffield Memorial Volume of the R.P.S. 
(London, 1920). 
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FER 


FERRI. (Slang.) Abbreviated term for potassium 
ferricyanide; usually applied to reducers con- 
taining ferricyanide. 

FERRIC ALUM. Ferric ammonium sulphate. 
Constituent of some blue and blue-green 
toners and reducers. 

See «lto: Alum, Iron. 

FERRIC AMMONIUM CITRATE. Used in 
certain sensitizers and toners. 

Characteristics: Brown or green crystals of 
slightly variable composition. The brown 
variety is the more basic one. Both are slightly 
sensitive to the action of light. 

Solubility: 20-30 parts in 100 parts of water 
at room temperature. 

FERRIC AMMONIUM OXALATE. Used in 
certain sensitizers (e.g. in the blue-print process) 
and toners. 

Formula and molecular weight: 
Fe,(C»Oi) s . 3 (NH 4 ) 2 (C a 04 ) . 6H 2 0; 856. 

Characteristics: Green crystals. The salt, 
particularly in solution, is sensitive to light. 

Solubility: Highly soluble in water at room 
temperature. 

FERRIC AMMONIUM SULPHATE. Con- 
stituent of some reducers and toners for blue 
and blue-green images. 

See alio: Alum, Iron. 


FERRIC CHLORIDE. Iron chloride. Used 
in reducers, various iron (blue print) and iron- 
silver processes. 

Formula and molecular weight: FeCl,. 

6H a O; 270. Also available as the anhydrous 
salt FeCl, ; 162. 

Characteristics: Yellow very deliquescent 
crystals. 

Solubility: Highly soluble in water. The 
anhydrous salt is also freely soluble in alcohol, 
ether, and other organic solvents. 

FERRIC OXALATE. Used in certain 
sensitizers (e.g. in the blue-print process) and 
toners. 

Formula and molecular weight: 
Fe,(C,0 1 ), . 6H,0; 484. 

Characteristics: Greenish crystals. The 

solution is sensitive to light. 

Solubility: Fairly soluble in water. 

FERRIC POTASSIUM OXALATE. Used in 
sensitizers for iron processes; also in blue 
toners. 

Formula and molecular weight: Fe,(C 2 OJ s . 
3K,(C,0 1 ),.6H 1 0; 982. 

Characteristics: Green crystals. Solution 
sensitive to light. 

Solubility: Fairly soluble in water. 


FERRO-PRUSSIATE PROCESS. Little used 
for ordinary photographic printing; it is mainly 
employed for reproducing plans and drawings, 
which are commonly called blue prints. The 
paper is sized and then sensitized in equal parts 
of the following solution, mixed just before use: 


Stock solution A 

Ferric ammonium citrate 

Water 


Stock solution B 
Potassium ferricyanide 
Water 


10 ounces 250 grams 
40 ounces 1,000 c.cm. 

3} ounces 90 grams 
40 ounces 1,000 c.cm. 


The made-up solution should be kept in the 
dark. 

The paper is pinned to a board and a liberal 
quantity of the sensitizing solution is applied 
with a brush or clean sponge. After sensitizing, 
the paper is dried in the dark. 

The dried paper is held in contact with the 
plan, drawing or negative to be printed and 
exposed to daylight or arc light. Printing is 
slow and should be carried on until the shadows 
attain a bronze tint. The blue print is developed 
by simply soaking it in two or three changes of 
clean water. 

Sec also: Document photography. 


FERROTYPE PROCESS. Method for making 
direct positive prints in the camera on black 
or chocolate enamelled iron plates (called 
ferrotype plates). The plates were originally 
coated by the wet collodion process but dry 
plates were later manufactured. 

The ferrotype process was popular for while- 
you-wait photography since there was no time 
wasted in drying the base. Since the original 
image is converted into a positive and there is 
no intermediate negative, it is reversed from 
left to right — a fact that the while-you-wait 
photographer rarely pointed out to his 
customers. 


FERROTYPING. American name for the 
process in which photographic prints on 
bromide and contact paper are glazed by squee- 
geeing them into contact with a highly polished 
surface. At one time the most convenient 
surface was provided by sheets of japanned iron 
(ferrotype plates) specially produced for the 
purpose. Nowadays sheets of highly-polished 
chromium-plated steel, stainless steel, or plastic, 
are favoured because they are less easily 
damaged than ferrotype plates. 

FERROUS OXALATE. Used as a developing 
agent, but now obsolete. 

Formula and molecular weight: FeC,0 4 ; 
144. 

Characteristics: Yellow salt. Generally pre- 
pared in solution by adding ferrous sulphate 
solution to excess potassium oxalate solution. 
The solutions do not keep well. 

Solubility: Insoluble in water, but soluble in 
solutions of potassium oxalate. 
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FERROUS SULPHATE. Green vitriol. Used 
in certain clearing and stain removing baths. 

Formula and molecular weight : FeS0,.7H 2 0 ; 
278. 

Characteristics: Green crystals. 

Solubility: Freely soluble in water at room 
temperature. Does not keep well in solution. 


FIE 

F IEL D. With a lens, the extent of the scene 
in front of it that it is capable of reproducing 
as an acceptably sharp image. It may be 
expressed as the angle subtended at the lens 
by the diameter of the maximum acceptable 
image circle. 

See also: Covering power. 


FIELD CAMERA 


The field camera is the basic photographic 
tool of the professional, the commercial, and 
the serious amateur worker. It is simply a 
structure capable of mounting lenses of any 
focal length to make pictures on plates of a 
range of sizes. 

The lens and plate supports can be moved 
independently to vary the angle and the line of 
the axis of each in relation to the other. The 
field camera offers a greater choice of lens, 
negative material and control of perspective 
than any other camera, but pays for its adapt- 
ability by being heavy and bulky. 

Construction. The four essential parts of the 
field camera are the back, the baseboard, the 
lens panel, and the tripod. 

The back is a shallow box recessed to take a 
focusing screen or plates in double dark slides. 
It is generally square and constructed so that 
the plateholder can be inserted longways or 
upright. Sometimes the back is designed to 
allow the plate holder to be rotated to give 
these alternative positions. 

The back is hinged to the baseboard and held 
in position by struts which allow it to be fixed 
at an angle to the vertical. Finally, the support 
may be turned about its vertical axis to bring 
one side closer to the lens than the other. 

The lens panel is hinged to give both lateral 
and vertical swings and in addition it is 
equipped with rise and cross movements. 

The lens panel can be moved along the base- 
board for focusing by a rack and pinion 
operated by a knob on the side of the camera. 
A similar rack and pinion movement is often 
fitted to the back, so that the camera can be 
focused by moving the back instead of the lens 
panel. This optional method of focusing is 
particularly useful for close-up work where the 
lens-object distance must be kept constant to 
keep the same scale of magnification. 

The plate support and lens panel are con- 
nected by a substantial leather or leather-cloth 
bellows, long enough to allow the lens panel to 
be set out at the farthest end of the extended 
slide (or slides, on double or triple extension 
types). 

In some modem types of field camera, the 
plate back and lens panel are fitted with self- 
contained adjustments, and separately mounted 
as a single girder or round bar, supported on 
the tripod head. This method of support 
replaces the conventional baseboard and gives 


great rigidity and much more freedom for 
camera movements. 

Tripod. The field camera cannot be used with- 
out a support, so the tripod forms an essential 
part of it. Sometimes the tripod uses the 
baseboard of the camera as a head on which 
the legs must be assembled, and sometimes the 
camera uses the tripod head as a baseboard. 

A conventional field camera tripod consists 
of three telescopic or collapsible wood or metal 
legs attached to a head mounting, or to the 
base of the camera. Because of the weight of the 
camera and the all-important need for a steady 
support during long time exposures, the tripod 
is generally a bulky affair in which lightness 
and convenience have been sacrificed for 
rigidity. 

Len9. A field camera is not normally used 
for making instantaneous exposures, therefore 
it does not call for a wide aperture lens. On the 
other hand, its various movements — in 
particular the rising front — demand covering 
power beyond the normal area. This extra 
covering power can often be achieved by 
stopping down the lens. The very wide range of 
plate-lens distances obtainable allows for the 
use of lenses of widely differing focal length, 
from extreme wide angle to long focus, and 
even telephoto lenses. Convertible lenses have 
always been popular with field camera users 
since they offer a choice of three focal lengths 
in the same lens. 

Shutter. Except for certain specialized uses, 
the field camera does not need a shutter. The 
photographer simply removes the lens cap 
and replaces it after a sufficient exposure has 
been given. As exposures with this type of 
camera usually run into seconds, this method is 
sufficiently accurate. 

Various proprietary shutters are available for 
work calling for exposures below 1 second. 
These shutters are made to slip on to the front 
of the lens and are operated by a cable or 
pneumatic release. They are usually of the 
roller-blind type and give instantaneous speeds 
from 1/100 second to about 1/30 with T. 
and B. settings. None of these shutters can be 
called accurate, however, and the modem 
technical camera — developed from the field 
camera — uses the conventional type of lens 
shutter assembly. This arrangement extends 
the scope of the camera but adds greatly to its 
cost since each lens must have its own shutter. 
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FIELD CAMERA. Top left: General view against I in. square grid. Top right: Front view. Bottom left: Side view. Bottom right: 
Rearview with back removed. 

The main features of the camera are: A, knob for locking movement of back along baseboard. B, swing back control, also drops 
bateboard when required f or use with wide-angle lenses. C, bracket supporting lens standard. D, removable lens panel, carrying 
lene and shutter, held in position by a sliding ledge at the side. E, rising front control; two opposing arrows on the front of the 
panel Indicate when the lens is centred. F. shutter speed control ( many of the older field cameras have air brake shutters, in which case 
the speed dial is linked to the air brake cylinder). G, knob locking lens panel swing. Twocatches on the front of the panel engage 
when the lens panel is at right angles to the baseboard. H, catch to lock movement of lens standard along baseboard. I lens. 
J, baseboard extension . 
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Focusing. The field camera is always focused 
visually, using a ground glass focusing screen 
fitted in place of the plate holder. When the 
screen is in position, the ground surface lies in 
the exact plane occupied by the emulsion 
surface of the plate when the exposure is made. 
The centre of the ground glass screen may carry 
a small reference cross in a clear spot for aerial 
focusing. In addition it may have grid lines 
to aid composition. 

In the better field cameras, both the lens 
panel and the body of the camera can be moved 
along guides on the baseboard by a rack and 
pinion mechanism for focusing. In cheaper 
models, the back is fixed and only the lens 
panel moves. 
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Scope of the Field Camera. The field camera 
has a number of drawbacks which exclude it 
from certain classes of photography: it is 
bulky, it is slow to go into action, it generally 
calls for a stationary subject, it requires a high 
degree of photographic skill, and it uses 
expensive types and sizes of negative material. 

But in very many fields of photography these 
things matter less than the excellence of the 
final print. And in this respect the field camera 
has no rival. It is still the standard camera for 
architectural, industrial and landscape photo- 
graphy, and there is no better instrument for 
general work in the commercial studio or the 
scientific laboratory. F.P. 

See also: Camera more menu; Technical camera. 


FIGURE STUDIES. Photographs of all or 
part of the human figure, whether clothed or 
not, in which the interest lies in the impersonal 
aesthetic values and not — as in full-length 
portraiture — in the character of the subject. 

See also : Nudes. 

FILAMENT LAMPS. Types of lamp that 
provide what is perhaps the cheapest and most 
convenient electric light source. In a filament 
lamp, electricity passes through a conducting 
filament and raises its temperature until it 
becomes incandescent. 

Cartm. The first filam ent lamps were made by 
Edison and Sir Joseph Wilson Swan who used 
a carbon filament made by charring a fine 
thread of organic material. This filament was 
supported in a glass envelope from which all 
the air had been extracted. In the absence of 
air the carbon could be made to glow without 
burning away. Carbon filament lamps of this 
kind gave a reddish coloured light and had an 
efficiency of abcut 2J lumens per watt. 
Tungsten. Modem filament lamps use a metal 
filament — generally tungsten — in an inert gas. 
They are more efficient than carbon filament 

amps because they can be run at a higher 
temperature and so produce more light for a 
given consumption of electricity. Because the 
temperature of the tungsten filament is higher, 
the light it gives is also whiter — i.e. it contains a 
higher proportion of blue rays than the light 
from a carbon filament. At the same time, the 
light given by a tungsten lamp is still unduly 
rich in red rays when compared with daylight. 

The temperature of the filament is nowadays 
increased by coiling it in a close spiral to reduce 
the amount of the free radiating surface. A 
modem gas-filled tungsten filament lamp has 
an efficiency of about 13 lumens per watt, and 
a colour temperature of 2,900 degrees Kelvin. 
Orer-run Tungsten Lamps. The greater the 
current carried by the filament, the brighter the 
light it gives and the higher the efficiency of the 
lamp. But as the working temperature of the 
filament is raised its life is shortened. 


It is standard practice to design the filament 
of the ordinary domestic lamp to run at a 
temperature that will give the lamp a life of 
about 1,000 hours. 

There are two types of lamp manufactured 
for photography, however, in which the fila- 
ment is run above this economical value. 
This is done with the object of getting a 
large amount of light for a comparatively 
low consumption of electricity. Such lamps are 
said to be over-run because the same effect can 
be produced by running an ordinary lamp 
above its normal voltage and thus making it 
cany a heavier cunent. But as thespecial lamps 
are designed for the normal mains supply 
voltage they cannot strictly be termed over-run. 
Nitraphot. In this lamp the filament runs at 
a temperature which gives it an average life 
of 100 hours. As a result, its output is about 
twice that of an ordinary lamp of the same 
rating. 

The standard Nitraphot is rated at 300 
watts and has a light output equal to a lamp of 
about double the consumption. This lamp has 
an efficiency of 1 7 lumens per watt and a colour 
temperature of 3,200 degrees Kelvin. 

The bulb of a Nitraphot is slightly smaller 
than that of an ordinary 300 watt bmp and it is 
fitted with an Edison Screw (E.S.) cap. 
Pbotoflood. This type of lamp is so severely 
over-run that it has a life of only a few hours, 
but it gives a very brilliant light in relation to 
its consumption. There are two sizes in 
common use. 

The No. 1 consumes 273 watts and is equal 
to a normal lamp of 800 watts. This lamp lasts 
f or about two hours when used intermittently — 
i.e., when it is never switched on for mere than 
a minute or two at a time. 

The No. 2 Photoflood consume 300 watts 
and is equal to a normal lamp of 1 ,600 watts. 
This lamp lasts for about 7 hours when used 
intermittently. 

Photoflood lamps have an efficiency of about 
36 lumens per watt and a colour temperature 
of 3,400 degrees Kelvin. 
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TUNGSTEN LAMP FILAMENTS. Left: Bunched filament cf spotlight lamp producing a small source c f light. Centre left: Open 
filament of flood and general service lamps. Centre right and right: Supported filaments of projection lamps of single or bi-plane 
construction. The design of the supporting grid depends on the burning position for which the lamp is intended. 


Photoflood lamps are popular for amateur 
still and cine photography indoors because they 
are cheap to replace and enable comparatively 
ambitious effects to be achieved with the 
current from a domestic supply point. 
Projection Lamps. Special filament lamps are 
manufactured for use in conjunction with 
optical projection systems — e.g., in spot lamps 
and still or motion picture projectors. These 
lamps are made as small as possible, and the 
filament is designed to provide a very compact 
area which will remain rigidly in focus. 

One way of reducing the size of the source is 
to design the lamp for 110 volts instead of the 
normal 200-250 volts. Halving the working 
volts enables the filament to be made pro- 
portionately shorter and thicker, which gives 
a brighter, whiter, and smaller source. Such 
lamps must be used in conjunction with a 
voltage-reducing transformer or resistor. 

Small, high intensity, lamps of this type tend 
to run very hot and must have ampin— often 
forced — ventilation. In addition, unless 
specially designed, they must always be 
mounted upright or the hot filament may sag 


out of shape (or one coil may even come into 
contact with another and cause a short circuit). 
The working position of projection-type lamps 
is always marked on the bulb. 

Another way of making the lamp more com- 
pact is to incorporate the reflector in it, in the 
form of a precisely shaped rear surface to the 
bulb which is silvered. Small reflectors may 
also be fitted inside the bulb. With suitable 
design, utilizing low-voltage supplies (down to 
8 volts), such a lamp may be up to ten times as 
efficient as a conventional mains voltage fila- 
ment lamp. A further advantage is that it needs 
no condenser system in the projector. 

Projection lamps generally have pre-focus 
caps, which are flanged and fitted in such a way 
that the distance from the filament to the 
locating flange is the same for all lamps of that 
typ#- -i.e., so that the light source always lies 
on the optical axis of the projector. F.P. 


Sec also: Lamp caps and fittings; Light sources. 

Books: Modern Electric Lamps, by D. A Clarke 
(London); Photographic Illumination , by R. H. Cricks 
(London). 


FILING NEGATIVES AND PRINTS 


Any filing system for negatives should serve 
two main purposes. Firstly, it has to hold the 
negatives themselves together with the relevant 
technical and other data and, secondly, it 
should allow any negative to be found at a 
moment’s notice. 

Every serious photographer should, there- 
fore, have a storage system for negatives and 
data (probably including a contact print for 
identification) and an indexing system. Both 
must allow for indefinite expansion. There 


must always be room for more without having 
to reclassify the system. 

Storing Negatives. The basis of the storage 
system for negatives will be negative albums. 
Often it is most practical to make such an 
album from transparent or translucent en- 
velopes, punched along one side so that they 
can be inserted into a loose leaf binder. Or it 
may be found more convenient to stick a 
narrow strip of paper to one edge of each 
envelope and punch this. 
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The envelopes are numbered, and the nega- 
tives are inserted in the order in which they 
were exposed. For additional safety it may be 
as well to write the number of the negative on 
the margin of the film with a very fine pen. 
Some photographers even add their names. 

This will do for single film negatives of most 
conventional sizes. 35 mm. negatives are best 
stored in lengths of four or six exposures in 
envelopes of suitable size and shape. The 
envelopes containing a strip can still be num- 
bered consecutively, while each negative 
receives the envelope number and suffix. Thus 
envelope No. 485 would contain negatives 
485a, 485b, 485c, and so on. 

Plates are best kept in special plate boxes 
which are grooved to keep each plate separate, 
and the grooves are numbered. 

Where there are several negative sizes which 
will not go into one type of album, they may 
be accommodated in several albums and have 
the negatives numbered separately in each. 
The numbers will be preceded by a letter, so 
that, say, all the numbers from AI onwards will 
be 35 mm. negatives, from B1 onwards V.P., 
2i x 2J ins. and 2£ x 3J ins. films, and the 
series beginning with Cl may be half-plate 
glass negatives. 

Photographers who specialize in one parti- 
cular subject can start a series D1 — e.g., for 
portraits — or go further and subdivide and use 
double prefixes. 

But although some people are quite at home 
in a complicated system of this sort, others find 
it very confusing. Anyone who finds such a 
system confusing should make negative 
numbers depend on their size and chronological 
order only. 

As an alternative to making the envelopes up 
into a negative album, they can simply be kept 
loose, in their numerical order, in boxes. 
Negative Data. Most negative albums have no 
adequate provision for entering exposure and 
other details. Therefore these should be en- 
tered separately on data sheets. 

The data are the usual details about subject, 
location, aperture, shutter speed, time of day or 
other illumination data, sensitive material, 
filters, date, and development. 

Each data sheet carries the same number as 
the corresponding negative, and has a contact 
print attached to it. With several negative 
sizes the tidiest plan is to make an enlargement 
of the whole of every negative so that all the 
prints are the same size (which will depend on 
the largest negative size). The prints need not 
be technically perfect, as they serve mainly for 
identification. On the prints should be written 
details of where shading or overprinting is 
needed during enlargement, and what parts 
of the negative are to be used. 

Further details to go on the data sheets are: 
the most suitable grade of enlarging paper, 
whether and where the picture has been sub- 
mitted, published, sold, etc. 
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A typical layout for a data sheet may look 
something like this: — 

DATA SHEET 

Roll Exp. No 

Subject 

E*p sec,, f 

Plate/ film 

Lighting 

Time of day Date 

Filter Camera 

Lens cm./in„ f 

Developer 

min. at °F./°C. 

After-treatment 

Suitable printing paper 

Notes 


Indexing. These data sheets can serve as their 
own index. The most straightforward method 
is to file them under subject headings arranged 
alphabetically in a loose leaf book. Thus there 
will be headings like Children, Portraits, 
Industrial, etc., with the data sheets inserted 
under them in numerical order. 

If the number of sheets under any heading 
becomes too great for convenient handling, it 
will be necessary to subdivide the headings. 
Portraits can be subdivided into the names of 
sitters (arranged alphabetically). Travel into 
geographical regions and place names, and so 
on. 

An index also needs extensive cross-refer- 
ences. These can be dealt with by preparing 
several data sheets of the same negative where 
required, and inserting them under the several 
appropriate headings. To save time and 
materials, blank sheets should be inserted 
under the alternative headings. These sheets 
will only bear the negative number or numbers, 
and a reference where the data sheet is to be 
found. For instance, under Table Top there 
might be a sheet marked: “C255, C256, A 3 27, 
A335 — see Advertising Photos.” 

In this way the indexing can be made inde- 
pendent of the storage system. The negative 
numbers only identify the negatives, and the 
two systems are self-contained. To use the 
index look up the subject and subdivision, 
run through the sheets there to find the required 
picture, note the negative number and then 
take the corresponding negative out of the 
file or box. This is the only occasion when the 
negatives themselves are handled. 

An alternative method of filing negatives 
makes use of a card index. Each negative is 
stored separately in an envelope as before (or 
strips of four or six negatives to one envelope 
in the case of 35 mm. film). Each envelope is 
then stuck on the back of a card. 

This system needs a separate index, which 
can also be a card index, or else a loose leaf 
binder. However, instead of data sheets there 
is one sheet or card for each subject. On this 
all the relevant negative numbers are entered. 
No subdivisions are used; the sheets are simply 
labelled like the index in a book. Thus when 
the sheet Villages becomes too full for easy 


Neg. Number. 


Contact print 
or standard 
size enlargement 
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reference, it is replaced by several sheets: 
Villages — Kent, Villages — Sussex, Villages — 
Wales, etc. 

The Decimal System. There is yet another 
system, which can be adapted for photo- 
graphic filing and applied to data sheets and 
cards. 

The subjects are divided into not more than 
ten groups, each covering as broad a field as 
possible. The groups are assigned single key 
numbers from 0 to 9 — e.g., 0 for Portraits, 1 
for Sports, 2 for Travel, etc. 

Each group is then subdivided, and each sub- 
division given a second key number. Thus, 
under Travel, 21 might mean Europe, 22: 
Asia, 23 : North America, etc. 

Further subdivision produces 211: British 
Isles, 212: Western Europe, 213: Central 
Europe, 214: Scandinavia, etc., while the 
next stage would be 2121 : Holland, 2122: 
Belgium, 2123: France, etc. 

A key list of these numbers is prepared to 
show which key and subsidiary key numbers 
refer to which classifications. It is also neces- 
sary to prepare an index card or sheet for each 
negative, bearing the negative number and 
classification number. If several negatives fall 
into the same category, they all come on to one 
index card. If any card becomes too full, it is 
replaced by a number of new ones, carrying 
the division a stage farther. 

Some negatives may occur on several index 
cards under different classification numbers. 
Thus St. Paul's Cathedral would fit into both 
2114 (Travel — Europe — British Isles — 
London), and 5413 (Architecture — Church 
Buildings — Cathedrals — Seventeenth Century). 

Instead of index cards the data sheets of the 
negatives can be used. The classifi cation number 
is written on them in addition to the negative 
number. Entries under alternative headings are 
dealt with by blank sheets bearing only the 
two numbers. 

The index cards or data sheets are kept in 
numerical order according to their classifica- 
tion numbers, and not by the negative numbers. 
The order of the classification numbers depends 
on the actual digits, from left to right, and not 
on the length or numerical value of the com- 
plete number. Thus 4216 would come before 
638, not after. 

To find a negative of any subject: look up 
the subject classification in the key list, find 
the corresponding index card or sheet, and get 
the negative number from it, take out the 
corresponding negative from the album or file. 
Petal Records A processing record of every 
print made enables identical further prints to 
be made at a later date. 

The method is simple. Before each piece of 
bromide paper is exposed in the enlarger, it is 
numbered on the back with a soft pencil using 
very slight pressure to avoid pressure marks on 
the face of the print. The pencil marks will not 
wash off during normal processing, and when 
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the print is finished the reference numbers can 
be gone over with Indian ink or a rubber stamp 
for greater permanence. 

For the actual records it is convenient to use 
a large nota-book ruled in columns. As each 
print is made, the following details are entered 
in the book: print number, negative number, 
paper type and grade (usually the manufac- 
turer’s code number will do for this), the 
maker’s batch number, and the exact degree of 
enlargement. 

If the enlarger column is marked in inches or 
centimetres, it is easy to note the height of a 
convenient part of the lamphouse above the 
baseboard. All enlargements with the lamp- 
house in this position will have the same degree 
of enlargement. Otherwise to get the exact 
degree of enlargement it is necessary to mea- 
sure the exact width of the mask in the nega- 
tive carrier — or draw or scratch two lines 
a fixed distance apart on an unimportant part 
of the negative — and to measure the corre- 
sponding size of the image of these two lines on 
the baseboard. 

Further details required are: focal length of 
enlarging lens (only if there are several lenses 
for different negative sizes), aperture, exposure 
time, developer, shading or other control, 
print size, after-treatment, and a column for 
any other notes (what the print is used for 
etc.). If a photometer is used for determining 
exposures, there should also be a column for 
the photometer readings. 

To make a duplicate of any print, it is only 
necessary to look up the print number in the 
record book, select the paper, set the enlarger 
and expose, etc., as indicated. 

Print FOes. The print files are much simpler, 
as prints will be taken out as well as put in. The 
files will consist of the finished prints on hand 
before submitting them to journals or 
papers. 

The prints are sorted out according to sub- 
jects, and put into large envelopes (about 
8 x 10 ins. to accommodate the largest 
print likely to be used) or boxes, with the name 
of the subject written on the outside. Containers 
are filed alphabetically. If a print comes under 
several headings, it is filed under the most 
appropriate. A sheet of paper with a note — 
e.g., See also print No. XX, Churches — as 
applicable, is filed under the alternative sub- 
jects. It is best to stick to this method even if 
there are several prints from the same negative, 
rather than to distribute them in various con- 
tainers. The prints are then all in one place, and 
a check can be kept on how many prints there 
are from one negative in stock. 

It is also possible to use the decimal system 
already described for prints using the same 
key list as for the negatives. The prints have 
the classification numbers put on the back, 
and are stored in the order of these numbers. 
Alternative classifications are dealt with as 
before by blank sheets with appropriate cross- 



references. If possible, it is best to avoid over- 
lapping classifications. 

There is no need to go to a very elaborate 
system, as the quantities in stock are much 
more likely to be easily manageable than the 
negative files. If, however, there are too many, 
it is satisfactory to store them in the order of 
their negative numbers and use the negative 
indexing system to find a print of any particular 
subject. 

All prints should be numbered with the 
negative number as well as with the print 
number, so that reference can be made to the 
negative files and processing records for all 
technical details. 

Prints Sent Out. It is essential to keep a record 
of all prints submitted for publication. 

For this a loose leaf book will serve, devoting 
a sheet to each negative number from which 
prints have been sent out. The sheets are in- 
serted in numerical order. 

On each sheet is entered the date when a 
print was submitted, its number, where it was 
sent, when it was accepted (or returned), 
published, the size of the published picture, 
and when it was paid for (including how much). 
If several prints are sent out, these details are 
noted about every one of them. It is also neces- 
sary to state whether the negative or copyright 
is sold, or if the prints have been submitted 
through an agent. If a contact print from the 
negative is stuck on each sheet, there is no 
need to refer back to the negative file to 
identify the print. 

This record also needs two indexes. In the 
subject index under each heading is entered the 
negative from which prints have been sub- 
mitted, accepted, or rejected, and also where 
they were submitted. This subject index can 
also be based on the decimal system as for 
negatives. 

The second index is one of magazines and 
papers to which pictures have been submitted. 
Under each paper is entered the negative 
number, subject, date of submission, and 
publication. 

With these two indexes it is possible to 
see at a glance what markets have been covered 
with which subjects. 


FIL 

Storing Transparencies. Transparencies com- 
prise lantern slides, film slides (film trans- 
parencies bound between glass), unbound trans- 
parencies, and film strips. These may be either 
black and white or colour. 

Slides and film slides may be stored loose in 
boxes, with the slides numbered for index 
reference. Each box may hold about 50-100 
slides. Special slides boxes are made which hold 
the slides in separate grooves for easy access 
and sometimes have a carrying handle for 
portability. Large collections can be stored in 
drawer cabinets made up of such boxes. 

Unbound transparencies, especially in colour, 
are best kept in transparent envelopes; this 
permits viewing without risk of damage. Film 
strips are stored rolled up in cardboard or 
metal tins. 

Indexing Transparencies. Any of the indexing 
systems for negatives and prints can be used, 
according to the size of the collection and needs 
of the owner. 

Advanced systems like detailed subject sub- 
divisions or the decimal classification will prove 
most useful when the transparencies are re- 
quired for a stock file for publication. In that 
case it is best to have separate files for unique 
transparencies (e.g., original colour trans- 
parencies produced in the camera on reversal 
film), and for duplicates or positives printed 
from an original or negative. The former would 
then be indexed like a negative file and the 
latter like a print file with references to the 
originals or negatives. 

Slides illustrating a lecture are best kept 
together as sets, though individual numbering 
will enable them to be referred to in the com- 
mon index with other transparencies whenever 
an individual slide is required. 

With film strips a set is joined together 
anyway, and the sets can simply be filed accord- 
ing to subject. 

It is absolutely vital for a filing system, once 
started, to be kept up to date. There are no 
half measures: it is either complete and accur- 
ate, or it is useless. L.A.M. 

See also : Film storage. 

Book: All About Filing Negatives and Prints, by Arthur 
Nettleton (London). ‘ 


FILL-IN LIGHT. Any light directed on to the 
subject from a lamp or reflector to illuminate 
shadows cast by the principal light on the 
subject. Without some such form of shadow 
illumination, those parts of the subject not 
lighted by the principal light would appear in 
the finished photograph as dense black areas 
with little detail. 

For normal subject lighting, the power of the 
fill-in illumination of the shadow areas is 
usually one-third of that given by the principal 
lighting. 

See also : Lighting the subject; Portraiture. 


FILM CLIPS. Metal (usually stainless steel) or 
plastic clips attached to the ends of roll films 
so that they can be hung up to dry. The clip 
for the top end hangs by a hole or a hook and 
the lower clip may be weighted to keep the film 
taut. As the ends of a wet film are slippery, the 
jaws of film clips are spiked or serrated and 
held closed by a strong spring. A normal 
type of clip — e.g., a bulldog paper clip — is apt 
to slip and the film must be handled specially 
carefully when dipped in. 

Metal film clips should always be made of 
rustproof material. 


E. — »' 
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FILM PACK. Standard form of pack in which 
negative material may be bought. It consists of 
a number (usually twelve) of separate sections 
of film assembled in such a way that they can 
be exposed singly in an adaptor fitted in place 
of the plate holder of a plate camera and 
removed singly for processing. 

See also : Film transport. 

FILMS. Sensitized materials in the form of an 
emulsion coated on a flexible base — e.g., 
celluloid or plastic. Films for still photography 
are available in four standard forms: roll films, 
perforated film, cut film and film packs. 

Roll Films. These are mounted on a numbered 
opaque paper backing and wrapped on a wood 
or metal spool. They are the most popular 
form of negative material for hand cameras. 
The commonest size is 2£ ins. wide film 
which yields eight pictures measuring 2\ x 3* 
ins., twelve pictures 2| x 2J ins. or sixteen 
pictures 1 1 x 2i ins., according to the camera. 
Perforated Film. The original film used in 35 
mm. miniature cameras was simply standard 
35 mm. cine negative film. Nowadays per- 
forated 35 mm. film is manufactured specially 
for still cameras. It differs from the cine film in 
a number of respects — in particular in the 
type of coating. The perforations enable the 
film to be moved exactly one frame at a time 
by the film transport mechanism, thus eliminat- 
ing the numbered paper backing. Perforated 
film in larger sizes is used in special scientific 
and technical photography — e.g., in aerial 
survey and instrument recording cameras, as 
well as for document recording. Established 
standard widths there are 70 mm. and 105 mm. 
Cut Film. This, known also as flat film and 
sheet film, is manufactured in all normal plate 
negative sizes. The base is thicker than that 
used for roll films and there is no paper back- 
ing. Cut film is loaded into a plate holder in the 
same way as a plate, but a piece of black card 
of the same size as the film must be placed 
behind it to make up the thickness. Alterna- 
tively, a special cut film holder may be used; 
this is essentially a flat piece of metal very 
slightly larger than the film, with two or three 
grooved lips into which the film is loaded. The 
holder and film are then loaded into the plate- 
holder in the same way as a glass plate. When 
selecting cut film holders, it is important to 
ensure that their design will not cause the film 
to lie in a plane diff erent from that for which the 
focusing scale of the camera is calibrated. 

As there is very little difference between the 
feel of the back and the front of cut film, it is 
notched in manufacture so that the emulsion 
side can be identified. When the film is held 
with the long side vertical and the notches are 
at the right hand end of the top edge, the 
emulsion surface is facing towards the operator. 
Film Packs. A film pack is a convenient package 
of twelve pieces of cut film attached to paper 
separators with numbered tabs in such a way 


that each film in turn can be brought into 
position for exposure in the camera. This 
method of packing has the advantage of 
allowing individual films to be extracted and 
processed without waiting for the whole pack 
to be exposed. But it is expensive, and a film 
pack costs more per exposure than the equi- 
valent in roll or cut film. 

The film pack is exposed in a special film 
pack adapter which fits into the plate holder 
grooves in the back of a plate camera. 

Cine Films. The sensitized materials used in 
cinematography are normally available in 
four gauges: 8 mm., 9-5 mm., 16 mm., and 
35 mm.; for special techniques, such as wide 
screen projection, larger gauges such as 65 mm. 
are used. 

Cine films are perforated down one or both 
sides. The size and number of perforations 
depends on the type of film and gauge. 

Spools, magazines or cassettes are employed 
for loading cine film into the camera. 

See aJso: Cine films ( substandard ); Colour materials ; 
Film transport; Negative materials; Perforations ; Reversal 
materials; Sizes and packings; Supports for emulsions; 
Transparency materials. 

FILM STORAGE. Because of fire risk sensi- 
tized celluloid film material and processed 
film must be stored (in Britain) in accordance 
with the Factory and Workshops Acts. The 
regulations are set out in Statutory Rules and 
Orders, 1921, No. 1825, published by H.M. 
Stationery Office. The building in which the 
materials are stored must be of a type approved 
by the District Inspector of Factories. 

Corresponding regulations apply in the 
U.S.A. to cellulose nitrate film. 

As a rule up to 14 pounds of film stored in a 
drawer or cupboard in a position of reasonable 
safety is considered to comply with official 
requirements. The regulations are, however, 
subject to variation according to the circum- 
stances. Further it has to be borne in mind that 
the term “celluloid” essentially applies to 
cellulose nitrate film, which is highly inflam- 
mable; whereas modem films almost without 
exception are the “safety” type (cellulose 
acetate) which has a burning rate no greater 
than that of newspaper. 

The expiry date quoted by manufacturers 
and usually marked on film cartons is two 
years from the date of coating. With careful 
storage the film should not deteriorate appre- 
ciably during this period, and it may be ex- 
pected to remain in serviceable condition for 
several further years. 

Heat, moisture and exposure to certain gases 
and vapours are harmful, and films must be 
protected from them as much as possible. 
Storage must be in a cool, dry and adequately 
ventilated place free from radioactivity, and the 
atmosphere must be free from formaldehyde, 
hydrogen sulphide, sulphur dioxide, ammonia, 
coal gas, mercury vapour, motor exhaust gases, 


446 



turpentine vapour, as well as certain industrial 
gases, solvents and cleaners. 

The speed of films proceeds to fall from the 
moment of manufacture, the more so the faster 
the film. Unfavourable storage conditions tend 
to accelerate this speed loss as well as produce 
increased base fog. Entirely unsuitable condi- 
tions will completely ruin the film in a short 
time. The ideal relative humidity is 40 to 60 per 
cent; and the ideal temperature 40° to 50°F. 
(4° to 10°C.), although this is not as important 
as humidity. 

Materials for tropical use are normally 
sealed in tins or metal foil wrappings to protect 
them against moisture; if a cold store is used 
they should be removed several hours before 
the package is opened to allow the film to reach 
the temperature of the surroundings and so 
prevent condensation. 


FIL 

Opened packages or otherwise unprotected 
films should be stored in a metal box contain- 
ing a dehydrating agent, such as activated 
silica gel, to provide a dry atmosphere. Ideally 
film should be exposed and processed within a 
few hours of loading into the camera. 

A partly exposed film may be protected by 
placing the camera itself in the dry box; but 
there is another factor to take into account, 
attack from moulds, which in tropical wet 
seasons present a serious problem. The micro- 
scopic spores penetrate into the smallest cracks 
and crevices and in conditions favourable to 
them they may grow and flourish in a matter 
of hours to cause irreparable damage to the 
film. In such circumstances the film is best 
removed and processed although only partly 
exposed. H.H. 

See also: Keeping qualities of materials. 


FILM STRIPS 


A film strip is a series of positive trans- 
parencies printed on a single strip of 35 mm. 
perforated film. Film strips may be viewed 
in a transparency viewer, but they are primarily 
intended for projection. 

A film strip offers a convenient method for 
showing a number of pictures which have some 
common link — e.g., the illustrations for a 
lantern lecture, a series of pictures to advertise 
a manufacturer’s product, or a planned, step- 
by-step educational sequence accompanied by 
either a recorded talk, or a set commentary 
read by the teacher or instructor. Many 
manufacturers equip their representatives with 
portable projectors for showing pictures of 
their goods in film strip form. 

Film Strip Printers. The positive prints are 
made either by contact or projection on to 
special perforated or unperforated 35 mm. film 
coated with a slow bromide emulsion of 
medium contrast. They may also be made 
directly on to reversal material in the camera 
although this method is only worth while in 
special circumstances. 

It is usual to make contact prints from 35 
mm. negatives for reference only; serious film 
strips are almost always made by projection 
printing because it permits more control of 
the picture and allows strips to be made by 
reduction from negatives larger than 35 mm. 

Contact printers are usually in the form of a 
frame similar to the body of a 35 mm. camera 
with the lens panel removed. The spool 
chambers are big enough to hold at least five 
feet of positive film, and the picture aperture 
can be masked for single or double frames. A 
hinged gate over the picture aperture holds any 
selected negative in position for printing. 
After exposure the winding knob automatically 
advances the positive film to the next frame. 
The printing light may be an ordinary electric 


light bulb suspended above the printing table 
and connected through a dimming resistance 
for controlling the brilliance. 

There are also semi-automatic printers for 
turning out numbers of film strips from the 
same copy negative — e.g., for educational 
strips and circulating libraries. 

Projection printers are necessarily more 
complicated than contact printers because they 
must allow for the separate adjustment and 
refocusing of each new negative. In this case 
the film holder is generally mounted on a slide 
on which there is also a focusing stage. The 
white surface of the focusing stage is at exactly 
the same height from the carrier as the surface 
of the emulsion in the gate of the film holder. 

The image is focused on the stage with the 
slide at one end of the track. It is then moved 
to the other end, bringing the film gate into 
the exact position previously occupied by the 
focusing stage. This system allows the nega- 
tive frames to be printed in any order, or 
orientation and with any individual degree of 
magnification. 

A 35 mm. camera can also be used as a 
projection printer by loading it with positive 
film and fitting an extension tube to give 1:1 
reproduction. The film to be printed is held 
flat in a negative carrier over a cut-out aperture 
in the top of a box. The light from a lamp 
inside the box diffused by a sheet of opal glass 
illuminates the negative and provides the 
printing light. The camera is held on a 
copying stand at the correct height over the 
negative and the exposure is made with the 
camera shutter. 

Printing Technique. Film strips must be 
planned as a whole because they are printed 
on one continuous length of film. Once printed, 
the order can only be changed by cutting and 
splicing the film, which is rarely desirable nor 
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FILM STRIP PRINTING. I. Select negatives and place in correct 
order for final sequence of images on strip. 2. Prepare titles 
and copy them by photographing (preferably on same size of 
negatives as used for rest of strip). 3. Make test exposures 
for each negative and note down exposure times in sequence. 

4. Print the negatives on to the strip in their final order. 

5. Process, wash, and dry the exposed positive strip. 


always practicable. Otherwise the whole strip 
must be reprinted. 

The same positive material is used for the 
whole strip, so the negatives must all be of 
similar contrast. This is easy enough where 
film strips are printed from a set of negatives 
specially prepared for the purpose. For con- 
venience, the negatives should be in the correct 
order, and all of the same size. When taken 
on miniature film, the negative film itself can 
be processed to produce a direct reversal 
positive film strip. 

There are four principal steps in printing a 
film strip: 

(1) Selecting the negatives and arranging 
them in the order in which they are to appear 
on the strip. This includes negatives of titles 
and captions. 

(2) Making test exposures to find the 
exposure time for each negative. A careful 
note is taken of the exposure time, and amount 
of magnification or reduction to be used for 
each negative. 

(3) Printing the negatives in their correct 
sequence. 

(4) Processing the complete strip (usually 
in a tank). 

Orientation of Images. Film strips that have 
been printed by contact or in the enlarger in 
the normal way appear the right way round 
when viewed from the emulsion side: so the 
emulsion side must face the condenser of the 
projector when the strip is projected for show- 
ing. 

Film strips produced by reversal appear the 
right way round when viewed from the back 
of the film. So in this case the emulsion side 
must face the projector lens when showing the 
strip. 

The emulsion side can be arranged to face 
tbe lens for a normal strip, if the negative is 
reversed left to right in the enlarger when 
printing. But it is not advisable to reverse 
the negative in this way when contact printing 
because the emulsion layers of negative and 
positive material should be in contact with 
each other; the presence of the film base 
between the two surfaces would result in some 
loss of sharpness in the print. 

Arrangement of Images. If all the images of 
the strip face the same way, arrangement is 
simple. Where a strip contains double 
(24 x 36 mm.) frames as well as single (18 x 24 
mm.) frames, the single frames are always 
printed in pairs. 

Where the strip contains horizontal and 
vertical single and double frames, the work of 
the projectionist is made easier if the frames 
are printed so that the film strip holder needs 
only to be rotated through 90° when passing 
from one type of frame to any other. 

Thus all vertical double frames and hori- 
zontal single frames (vertical strip) should be 
printed facing one way, and follow underneath 
each other when the images are viewed the 
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ORIENTATION OF IMAGES. Left: To permit continuous projection without rotating the film carrier all images must be oriented 
in the same way on the strip. Possible arrangements are: A, vertical double frames; B, horizontal single frames; C, vertical double 
frames and pairs of horizontal single frames mixed; D, horizontal double frames; E, vertical single frames; F, horizontal double 
frames and Pairs of vertical single frames mixed. Rieht: Correct orientation of images of mixed direction for minimum rotation of 
film carrier during projection. All images face in only two directions on the strip, irrespective of format. 


right way round. All horizontal double, and 
vertical single, frames (horizontal strip) should 
also be printed facing in one direction, follow- 
ing each other from left to right when the strip 
is looked at the right way up and the right 
way round. 

The standard type of strip has a blank 
9 ins. leader, with a frame marked “start” 
before the first frame of the strip, and it finishes 
with a frame marked “end,” and a blank 
9 ins. trailer. 

Processing. It is not practicable to process 
individual frames separately, and the whole 
strip is best processed in a developing tank in 
the same way as 35 mm. film. Such tanks 
take time to fill and empty in the usual way, 
and as development times are short, it is wise 
to fill the tank with the developer first and then 
immerse the reel in it; this is better than 
pouring the developer into the tank after the 
reel is there. After development the reel is 
lifted out in the darkroom and immersed in- a 
dish containing the rinse or stop bath. The 
tank is meanwhile emptied and the fixer poured 
in. The reel is then replaced in the tank for 
fixing and subsequent washing. 

The temperature should be constant between 
developer and rinse, and between rinse and 
fixer. An acid hardening fixer is advisable. 

Single test exposures can be treated like small 
prints and developed in a dish. 


All processing of the sensitive film strip 
should be carried out by the light of an orange 
safelight of the type used for bromide paper. 
Projection. Film strips are projected in suitably 
adapted miniature projectors. These incor- 
porate a film strip holder — which may be inter- 
changeable with a slide holder — with feed and 
take-up spools to take film strips up to 10 feet 
in length. The individual frames are brought 
into position by turning the spool knobs and 
the film is held flat in the gate by a pressure 
plate. The whole holder rotates through 90° or 
360° (according to the model) to project up- 
right and horizontal frames. Better quality 
projectors include some means of releasing 
the pressure plate during film transport so as to 
reduce the risk of scratches, and may also 
feature interchangeable gate masks for screen- 
ing 18 x 24 mm. as well as 24 x 36 mm. frames. 
Commercial Film Strip Production. The 
general principles of printing film strips com- 
mercially are similar to those of amateur pro- 
duction as described. The equipment and pro- 
cedure are, however, different, since the amateur 
methods would be too slow and uneconomical. 

Commercial practice generally utilizes semi- 
automatic or automatic printing machines and 
continuous processing units of the type em- 
ployed in motion picture laboratories. The 
negative for a commercial film strip may be 
passed through the printer over and over 
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FILM STRIPS BY COPYING. A miniature camera with a I : I 
extension tube and distance gauge can copy 35 mm. negatives 
(or transparencies) directly over a light box. 

again in a closed loop, or else a number of 
negative strips joined end to end to print a 
whole film strip series in one run. 

Availability and Uses. The increasing interest 
in the use of visual aids in education has made 


the film strip very popular in recent years. 
There are now numerous firms who specialize 
in the making of film strips, and most of these 
publish catalogues — covering all kinds of 
educational and general interest subjects. 

Many photographic organizations also 
provide some kind of film strip service, usually 
in the form of a free lending library. Film 
strips covering both technical and pictorial 
aspects of photography are available, nearly 
always supplemented with a scripted commen- 
tary. More recently, particularly in the U.S.A., 
film strips have also been issued with tape 
recorded commentaries to accompany them. 

Other sources of film strips are the publicity 
departments of mqjor industrial concerns, 
government bodies and public services. 

Film strips in colour are not, as yet, very 
widely available, although they are produced 
commercially; In particular, some outstanding 
examples are available which deal with well- 
known paintings. L.A.M. 

See also: Contact printers ; Contact printing; Lantern 
lectures: Lantern slide diagrams; L-antern slides; Printing 
materials ; Visual aids. 

Books: An Introduction to Filmstrips, by H. R. and 
I. W. Dance (London); Filmstrip and Slide Projection, 
by C. W. Long and M. K. Kidd (London); Making Lantern 
Slides and Filmstrips, by C. Douglas Milner (London). 


FILM TRANSPORT 


The method employed for replacing an 
exposed frame on a roll of film must be accur- 
ate, simple and foolproof. 

Backing Paper. Roll films are backed with an 
opaque paper strip which carries numbers 
corresponding to the number of negative spaces 
on the film. The backing paper is a little wider 
than the film and extends beyond it at each end. 
The leading end of the film is attached to the 
backing paper by a piece of adhesive tape, and 
there is enough spare paper ahead of it to 
attach to the take-up spool in daylight without 
exposing the end of the film. 

As the backing paper is wound on to the 
take-up spool the first thing that is seen through 
the safe-window in the back of the camera is the 
outline of a hand. This indicates that the end of 


the film is just about to enter the negative area. 
From this point onwards it is not safe to open 
the camera or release the shutter. 

After the hand there may be a series of 
warning dots followed at last by the figure (1). 
This indicates that the film is now in position 
for the first exposure. As each exposure is made, 
the film is wound on to the next number. When 
the last frame has been exposed, the film is 
wound completely on to the take-up spool, 
leaving its own spool empty and ready to 
transfer to the take-up chamber. 

The backing paper is commonly either black 
paper with a red or yellow back and black 
figures, or black paper with a green back and 
white figures. The safe window in the back of 
the camera may be either red or green. At one 
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BACKING PAPER NUMBERS. The backing paper of practically oil rail films carries o series of numbers to show how for the film 
must be wound on to the next exposure. The numbers are observed through the red window in the camera back. Films yielding 
various numbers of exposures of alternative sizes ( e.g 120 or 620 film) carry several sets of numbers. 
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FILM WINDOWS. The positions of the windows in the back of a roll film camera are laid down by a British Standard, and correspond 
to the location of the numbers on the backing paper of the film. Two-size cameras have the appropriate two film windows. The 
arrows indicate t/ie direction of film travel, the shaded areas the alternative smaller picture sizes. On most modern roll film cameras 
a shutter keeps the film window closed to protect it against strong light, except when the film is actually being wound on. Left: 
Size 120 and 620 film ford exposures 2J x ins. or 12 exposures 2i x 2} ins., or 16 exposures /| x 2J ins. Right: Size 127 
film for B exposures 2} x 2} ins. or 12 exposures lj x I f ins. Some cameras take 16 exposures H x /| ins. 


time it was usual to buy orthochromatic film on 
red backing paper, and panchromatic on green. 
Red windows were used for orthochromatic 
films and green windows were either substituted 
for the red or stuck over the top when a 
panchromatic film was in the camera. 
Experience seems to show, however, that the 
paper backing is in any case so completely 
opaque that it does not matter what colour 
paper or window is used. But it is always un- 
safe to let the direct light of the sun shine on 
the safe window for more than a second or two. 
Roll Film Formats. The most popular roll film 
size — 2i ins. (6 cm.) wide — has the backing 
paper numbered down the left edge to give 8 
exposures to the roll, down the centre to give 
12 exposures and down the right edge to give 
16 exposures. So the position of the safety 
window in the back of the camera indicates 
the format of the picture. When the window 
is at the left side the camera takes the oblong 
format — 2i x 3i ins. (6x9 cm.). When the 
window is in the centre, the camera takes the 
square format — 2i x 2i ins. (6x6 cm.); and 
with the window at the right the camera takes 
the 16-onsize — i.e., If x 2i ins. (4-5 x 6 cm.). 
As an alternative to the right-hand window, 
older cameras or adapters that take these 
half sizes have two safety windows. Each 
number on the backing paper appears twice — 
once behind each window — and an exposure is 
made with it in each position. In this way 16 
exposures are made on the normal 8-exposure 
film. 

The backing paper for If ins. (4-5 cm.) wide 
film is numbered down the centre for the 
oblong If x 2f ins. (4 x 6-5 cm.) format of 
8 exposures and down the left hand edge for 
the square If x If ins. (4x4 cm.) size. The 
film windows in the back of the cameras taking 
this film size are positioned accordingly. For 


the 16-on size of If x If ins. (3x4 cm.) 
the camera carries two windows along the 
centre line of the back, each number being 
wound to the first and second window in turn. 

Some cameras are equipped to take more 
than one size of picture on the same film. In 
particular, a number of cameras will take 
either 8 or 16 exposures on the standard roll 
of film. The back of such cameras carries an 
extra window that is only used when taking 
the half -size frame, and a half-size mask that is 
slipped into the negative aperture when the film 
is loaded. There are also cameras which will 
take all these formats; they have half-size and 
square masks and three safety windows. All 
cameras that give optional formats have some 
arrangement for masking the viewfinder or 
indicating the boundaries of the optional sizes. 
Automatic Film Transport. The so-called 
automatic wind fitted to a number of the better 
roll film cameras is intended to cut out the delay 
of advancing the film with reference to the 
numbers on the backing paper. On these 
cameras the winding knob or handle auto- 
matically locks when it has advanced the film 
exactly one frame. 

The film is loaded in the normal way and 
wound until the figure 1 appears behind the 
safety window. From that point the safety 
window is covered and the amount of film used 
at any time is indicated on a visible counter, 
driven by a spring-loaded wheel that bears on 
the edge of the film inside the camera. 

Coupled Film Wind. As a means of preventing 
accidental double exposures, the film transport- 
ing system of the camera is often coupled to the 
shutter cocking mechanism in such a way that 
it is impossible to cock the shutter unless the 
film has first been wound on one frame. In such 
cases there is usually some way of putting the 
device out of action to permit intentional 
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MINIATURE FILM TRANSPORT. The sprocket wheel, geared to 
the take-up spool, pulls the film out of the cassette. On modern 
cameras a rapid winding lever works the mechanism. 

double exposures to be made. There are several 
different methods. 

The film transport can be coupled to the 
shutter setting mechanism. This is common on 
roll film and 35 mm. cameras with focal plane 
shutters. The knob that moves on the film also 
winds up the shutter blind. When the knob has 
been turned far enough to set the shutter, a 
slipping clutch allows it to be turned the 
remaining distance to finish transporting the 
film a complete frame. 

With some cameras it is not possible to set 
the shutter separately to make an intentional 
double exposure. And if the shutter is released 
with the lens cap in position, that frame of the 
film must be wasted. To overcome this, pro- 
vision is sometimes made for winding the 
shutter independently. 

Another popular system has the film trans- 
port interlocked with the shutter release. This 
is the method used on roll film cameras with 
between-lens shutters. In this case, the shutter 
release is mounted on the body of the camera. 
A simple mechanical locking device acting on 
the shutter release button is disengaged by 
turning the film winding knob but comes into 
action again as soon as the release is pressed to 
make an exposure. 

It is generally possible to put the lock out of 
operation to make intentional double 
exposures. 

With this system, long time exposures must 
be made by giving the second pressure on the 
release lever on the shutter (if fitted with a T- 
setting) as the body release will not work a 
second time. Most cameras of this type, how- 
ever, have no T-setting, and long time expo- 
sures require the use of a cable release with a 
locking arrangement. 

In addition to coupling the film and shutter 
setting operations, some cameras also have a 
device which operates when the setting knob 
has not been turned on after the last exposure. 
An internal metal shutter automatically masks 
the viewfinder after the shutter release is 
pressed, warning the user that he must wind on 
the film before he can take another photograph. 


35 mm. Film Transport. As 35 mm. film has 
no backing paper its frames cannot be visibly 
numbered as they are with roll film. So all 
35 mm. cameras have to be equipped with film 
counters. These counters are always driven by 
a sprocket which engages in the perforation 
along the edge of the film and turns a numbered 
wheel through a suitable train of gears. 

The positive drive provided by the perfor- 
ations on 35 mm. film makes it very much 
easier for the designer to incorporate such 
useful facilities as coupled and automatic film 
winding. Most of the better 35 mm. cameras 
include these features as a matter of course. 

With such cameras it is standard practice, 
after inserting a fresh cassette of film, to fire 
off three or four exposures and then set the 
film counter to zero. The camera is then ready 
for use, and after each exposure the winding 
knob is simply turned as far as it will go; the 
film is automatically advanced one frame and 
the shutter is cocked at the same time. 

Rapid Winders. On some 35 mm. cameras the 
film winding knob can be replaced by a lever 
or trigger operating device which transports 
the film and sets the shutter by a single action, 
instead of by the relatively slow process of 
turning a knob. These accessories are useful for 
action photography and wherever a large 
number of exposures must be made rapidly. 

For even higher operating speeds the film can 
be automatically advanced after each exposure 
by a spring motor attachment. With this device 
it is possible to make exposures at the rate of 
2 or 3 per second. One or two makes of camera 
have such a spring — or electric — motor built in, 
and after the first pressure on the shutter 
release button, exposures are made auto- 
matically much faster than they could be made 
by hand. This type of camera will make a series 
of still photographs of an action lasting only a 
second or two. 

Plate Changing. There is at present no satis- 
factory way of changing plates quickly. Many 
ideas for loading plates in magazines have been 
tried in the past, but none of them survived the 
introduction of the roll film. Plates are never 
used when a number of exposures must be made 
in rapid succession, although press photo- 
graphers, by long practice, can generally change 



CROSS-SECTION OF FILM PACK. A Rile of 12 sheet films (3 
shown here), each attached by one edge to a long strip of black 
paper, is placed inside a flat metal box behind a film aperture. 
The paper leaders go round behind the pressure plate, with the 
ends projecting as tabs outside the edge of the box. After expo- 
sure, the top film is moved out of the way round the back by 
pulling the paper tab, leaving the next film in taking position. 
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a plate in about the same time as it takes to 
wind a film on by hand. 

When a plate has been exposed in the camera, 
it is first made safe to light by replacing the 
dark slide and then the plate holder is removed 
by sliding it out of the guides that hold it in 
place at the back of the camera. A fresh plate 
holder is then slid into the guides and the dark 
slide is withdrawn. No inventor has yet 
succeeded in improving materially upon this 
sequence of operations. Some cameras have 
plate backs in which the plate holder is simply 
clipped in place; these are an improvement 
over those that slide into guides. Some have 
sections of the guides cut away so that the plate 
holder has only to slide about one quarter of the 
length of the guide. 

All types of plate changing magazine are 
handicapped by the weight of the plates. Even 
if such magazines could be made to work 
satisfactorily, no one would willingly carry 
around up to a dozen plates in his camera when 
a single roll of film would serve the same 
purpose. 

Film Packs. The film pack usually holds twelve 
exposures in the form of pieces of film cut to 
the plate size of the camera. Each piece of film 
is attached to a strip of black paper which 
forms both a backing paper and a leader by 
which the film is pulled into place before 
exposure. The films are packed card-fashion 
in a shallow cardboard box, and the paper 


leaders are folded back around the bottom edge 
of a separator so that when one of the leaders 
is pulled, the film is drawn down one side of the 
separator and up in front of the other. 

Film Pack Adapter (F.P. A.). A metal container, 
called a film pack adapter, holds the film pack 
and is attached to the back of the camera like a 
plate holder. To make an exposure the dark 
slide is withdrawn from the film pack adapter 
and the first paper leader is pulled up and torn 
off. This draws away the outer sheet of black 
paper and uncovers the first film. When this has 
been exposed the second paper leader is pulled 
out. This pulls the exposed film around to the 
back of the pack and uncovers the second film. 
The backing paper behind each film prevents 
light from passing through it during exposure 
and affecting the next film. 

The film pack can be changed quicker than a 
roll film, and it has the added advantage that 
once the dark slide is replaced, the half-used 
pack can be removed from the camera, leaving 
it free to be used with either a focusing screen 
or another type of sensitive material. Also, 
exposed films may be removed singly for pro- 
cessing. On the debit side; the film pack is the 
dearest way of buying sensitive material; it 
adds to the bulk of the camera, and the dark 
slide is another item to think — or forget — 
about. F.P. 

See also: Quick-fire camera. 


FILTER BAGS. Suitably dyed transparent 
plastic bags used to modify the colour of light 
sources, especially flash bulbs. The normal 
range of dye colours includes pale yellow and 
pale blue to lower or raise the colour tempera- 
ture of flash bulbs for work with artificial light 
or daylight type colour films respectively. 
Special deep red or almost opaque filter bags 
have also been used for infra-red photography; 
with such a bag the flash bulb or lamp emits 
practically no visible light at all and can be 
used for infra-red photography at night with- 
out attracting attention. In use, the filter bag is 
simply fitted over the bulb before the exposure. 

FILTERING. Filtering removes undissolved 
particles and other solid impurities from a 
solution. These may be present in freshly made 
solutions, and also accumulate as a sediment 
in developers, etc., during use. If not filtered 
out, they may settle on the emulsion during 
processing and either cause clear spots by 
preventing the developer from reaching the 
surface, or black spots if the particle consists 
of undissolved active chemical. 

A solution is filtered by being poured through 
a funnel lined with a porous material — e.g., a 
wad of cotton wool, or a cone made from a 
circular disc of the special filter paper that can 
be bought for the purpose. The finer the pores. 


the more efficient the filtering action — i.e., the 
smaller the particles of solid matter that will be 
removed. But for the same surface area of 
material, the solution takes longer to pass 
through a fine material than one with more 
open pores. 

Whenever possible, solutions should be 
filtered while hot, as the process is then quicker. 
Solutions run through cotton wool more 
rapidly than through filter paper, but paper is 
more efficient. 

It is as well to use a large funnel for filtering 
solutions because it can be filled up and left 



FILTER FUNNEL. Either cotton wool or filter paper will hold 
back solid particles. The Paper is folded to form a cone which 
fits into the funnel and is supported by the sides. 
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without attention whereas a small funnel must 
be constantly topped up. If the solution is 
being filtered into a bottle, the stem of the 
funnel can be inserted in the neck of the bottle 
and no support is needed. But if the solution 


is being filtered into a dish, the funnel should 
be mounted on a filter stand. This consists of a 
metal ring or a clamp to hold the funnel, 
clamped to the vertical pillar of an ordinary 
chemistry laboratory retort stand. 


FILTERS 


Filters are used in photography to modify the 
light falling on the subject or passing through 
the camera lens. Thus we have camera filters 
which are coloured discs of glass or gelatin 
placed on the lens, and lamp filters which are 
placed in front of the light source. 

As their name implies, filters actually stop 
some of the light falling on them, so that the 
colour or nature of the light which passes 
through is changed. With coloured filters, the 
light which they pass is governed by the actual 
colour of the filter: thus a yellow filter will 
pass red and green light, but tend to stop blue 
light. In this way, by controlling the propor- 
tions of colour coming from the subject (or 
light source), the relative tones in the negative 
and final photograph can be modified. 

There are five main reasons for wanting to 
use a filter: 

(1) To correct the imperfect colour sensitivity 
of the film, and make it translate the subject 
into tones of grey of more or less the same 
brightness as the colours appear to the eye. 
Such filters are called correction filters. 

(2) To distort (brighten or darken) the re- 
production of certain colours for special 
effects. This intentional distortion is used in 
pictorial photography and in certain com- 
mercial and scientific work. Filters used in this 
way are called effect filters or contrast filters. 

(3) To change the colour temperature of the 
light. This is important for colour photography. 
Such filters are called colour compensating 
filters. 

(4) To take pictures by the light of a single 
colour only; mainly for scientific and other 
special purposes such as telephotography by 
infra-red light. In principle, most of these 


filters are extreme cases of the contrast filters 
mentioned above. 

(5) To take photographs by polarized light, 
or to cut out the effect of polarized light in 
photographs. Such filters are called polarizing 
filters. 

Gelatin Filters. The commonest camera filters 
are thin pieces of dyed gelatin. They are easiest 
to make accurately, and offer the widest range 
of colours. 

Gelatin filters are cut to the required size and 
used in front of the lens in special holders. For 
better protection the gelatin discs may even be 
mounted between the lens elements themselves. 

As gelatin filters are very sensitive to 
mechanical injury, they should be carefully 
protected against scratches, dirt, dust, grease 
and moisture. The gelatin surface must never 
be touched with the fingers as it is almost 
impossible to clean. 

Gelatin Glass Sandwich. Where gelatin filters 
have to be constantly handled, they are usually 
cemented between glass. The workmanship of 
the cementing and the quality of the glass are 
important. If the glass surfaces of the filter are 
not absolutely flat and parallel the thickness of 
the glass may upset the optical properties of the 
lens. The danger is less with unmounted 
gelatin filters which are so thin that they have 
practically no effect. 

The best filters for high quality scientific 
work are prepared as optical flats of guaranteed 
accuracy. For most normal photography where 
such high precision is not needed, the gelatin is 
usually cemented between flat and polished 
plate glass. 

Cemented filters must be treated with the 
same care as camera lenses. They should never 



ACTION OF A FILTER. Filters act by holding back some of the light reaching them. They pass almost all the light of their own colour 
but appreciably reduce the intensity of light rays of different colours. As a result they also call for extra exposure. 
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FILTER ABSORPTION. A filter usually has its maximum transmission in one particular region of the spectrum. It will lighten objects 
of its own colour, and darken others to an increasing degree the farther away they are on the spectrum scale. Thus a red filter 
will darken blues most, as blue is at the other end of the spectrum. A green filter will darken both blue and red. 


be allowed to get wet or dirty. Although the 
edges of the filter sandwich are usually sealed, 
moisture and cleaning fluids will in time 
penetrate and affect the cement or the gelatin. 
Filter holders which exert uneven pressure on 
cemented filters upset their optical parallelism, 
particularly of those of the highest quality. 

Some modem cemented filters have dyed 
cellulose sheets instead of gelatin. 

Glass Filters. Much more robust filters are 
made from mass coloured glass. Such filters 
consist of glass only. While they are not so 
easily damaged, the range of colours in which 
they can be manufactured is more limited. The 
optical accuracy of the best solid glass filters 
can be as high as that of an optical flat. 

Lamp Filters. Filters are also made in the form 
of lamp filters which are large thick sheets of 
dyed gelatin. They are placed over the lamp or 
other light source, and not over the camera 
lens. As they cannot affect the performance of 
the lens, their optical quality does not matter 
and they do not call for any special care in 
handling. 

Where the subject is illuminated by a number 
of lamps, it is generally more economical and 
easier to make any colour correction by using a 
filter in front of the camera lens. But lamp 
filters are useful for dealing with only part of 
the lighting — e.g., for special effects in colour 
photography. Sometimes a lamp filter is used to 
limit the colour of the lighting to one particular 
wavelength as in photography by infra-red and 
ultra-violet light. 

Liquid Filters. For scientific work special 
filter effects may be required which are not 
obtainable or practical with normal ready- 
made gelatin or glass filters. There it is often 
most convenient to use solutions of certain 
coloured chemicals in suitable glass cells. The 
thickness of the cell (i.e., the thickness of solu- 
tion placed in the path of the light) determines 


the degree of absorption, while the choice of 
substance gives the necessary absorption 
characteristics. Liquid filters may be also used 
for absorbing heat. 

Chemicals used for liquid colour filters are 
largely inorganic salts, for instance potassium 
bichromate (orange), ammoniacal copper 
sulphate (blue-violet), copper sulphate or 
nitrate (blue-green), iodine in carbon tetra- 
chloride (violet) or in potassium iodide solu- 
tion (brown), various nickel and cobalt salts, 
etc. Visually colourless solutions (e.g., sodium 
nitrite) are also used as ultra-violet filters. 
Suitable combinations of several solutions — 
usually in separate cells — can isolate very 
narrow bands of the spectrum. 

The main advantage of liquid filters — apart 
from their versatility and cheapness — is the 
exact reproducibility of characteristics. These 
depend on variables which are easily controlled 
with great precision; namely cell thickness, and 
composition and strength of the solutions used. 
Absorption Curves. Filter characteristics are 
specified by absorption curves which plot the 
filter density against the wavelength of the 
light. Such a curve therefore shows the wave- 
length of maximum transmission (i.e., the 
predominant colour of the filter) as well as the 
amount of light of other colours passed through. 
The individual points of the curve indicate 
relative — i.e., percentage — absorption and trans- 
mission of each wavelength. The shape of the 
curve corresponds to the absorption with a 
light source of equal energy throughout the 
spectral range covered, though the curve is 
rarely obtained by direct measurement with 
such a source. 

Absorption curves are significant with 
separation filters for three-colour photo- 
graphy, where they help in correctly matching 
a set of filters for the most suitable overlap in 
absorption ranges. In other fields, too, the 


APERTURE CHANGES WITH FILTER FACTORS 


For a factor IJ 2 3 4 5-6 7-9 10-13 14-18 20-27 30-35 

Increase aperture by £ I l| 2 2} 3 3^ 4 4} 5 stops 


455 






F1L 



4000 5000 4000 2000 

u.v. t vm*Li i i » 


TYPICAL ABSORPTION CURVES OF CORRECTION FILTERS. 
I. Colourless ultra-violet filter for high altitudes and colour 
film. 2. Pale yellow filter for slight correction. 3. Medium 
yellow filter for normal correction. A. Deep yellow filter far 
over-correction. 5. Very deep yellow ( minus blue) filter, often 
used in photomicrography. 6. Yellow-green filter. 

curve is a help in selecting the best filter for a 
particular purpose. 

Filter Factors. Filters affect the colour of light 
they pass by holding back some of it. So they 
call for a longercamera exposure to compensate 
for the light lost. In practice the exposure time is 
multiplied by a filter factor. 

Usually filter factors — other than the lowest 
values — are rounded off to the nearest whole 
number. This is accurate enough for everything 
except certain sensitometric work. In ordinary 
photography the difference between factors of 
3-8 and 4 or 4'2 is too small to matter. In fact, 
errors up to 20 per cent can be ignored. 

Instead of increasing the exposure time, we 
can widen the lens aperture. Here again, setting 
the aperture to the nearest half stop is quite 
accurate enough for ordinary photography. 

The filter factor is not a constant number. It 
depends on: the colour and depth of the filter; 
the colour sensitivity of the film or plate; the 
colour of the light; to some extent the colour of 
the subject. 

So when we want to know the factor of a 
particular filter, we must also know the colour 
sensitivity of the film and the colour of the 
light. In special cases we may have to know 
the colour of the subject as well where really 
accurate tone reproduction is required. 

The filter colours may vary from that of pale 
yellow or green correction filters to that of deep 
effect and monochromatic ones. Generally, the 
deeper the colour of the filter, the more light it 
holds back, a n d t he higher i t s factor. 

Filter manufacturers always provide a set of 
tables giving filter factors for the various condi- 
tions normally anticipated. 

Negative Material. The colour sensitivity of the 
film plays its part because some films are 
excessively sensitive to certain colours and thus 
need lower filter factors for filters of those 
colours. We can classify films and plates 
according to their colour sensitivity as 
follows: 

Blue sensitive materials are sensitive to ultra- 
violet, violet, and blue light only. They are 
rarely used with filters, and then only with pale 
yellow ones, which have a high factor when 
used with this type of material. 


Slow orthochromatic materials are sensitive 
to ultra-violet, violet, blue, blue-green, and 
slightly to green. 

Fast orthochromatic materials are sensitive 
to yellow-green and yellow as well, but to a 
much greater extent to violet and blue. With 
both slow and fast orthochromatic materials 
yellow and yellow-green filters (to reduce the 
excessive blue sensitivity) are the only ones that 
can be used. 

Red panchromatic materials are sensitive to 
all colours of the spectrum, and excessively 
sensitive to orange and red. They thus need 
comparatively low filter factors with red filters. 

Correct panchromatic materials are also 
sensitive to all colours, but their sensitivity is 
more balanced. Thus they are not excessively 
red sensitive, and need higher filter factors 
with red filters. 

Infra-red materials are highly sensitive to 
violet and blue, almost insensitive to blue- 
green, green, yellow, and orange, and sensitive 
to red and infra-red. They are used with 
special deep red or infra-red filters only. 

Colour of the Light. The colour of light 
depends on the light source. Daylight is more 
blue (has a higher colour temperature) than 
tungsten electric light. Thus in daylight blue 
filters need lower filter factors, and red filters 
higher. 

With artificial light, which is compara- 
tively redder, red filters need lower factors 
and blue filters higher factors than by daylight. 
Filter factors are usually quoted for both day- 
light and artificial light. 

For really accurate scientific or reproduction 
work and also for colour photography, the 
smaller variations in colour between different 
types of artificial light must also be allowed 
for — e.g. low power household lamps, high 
power studio lamps, Photofloods, etc. Even 


SUMMARY OF CORRECTION FILTERS 


Filter 

LO 

Daylight 

Factor 

OPR 

Art. Light 
Factor 
OPR 

Effect 

Ultra-violet 

It 

li 

it 

It 

• 

• • 

Used to darken sky 
at high altitudes 

Pale-yellow 

2 

It 

n 

■t 

It 

H H 

Slightly darkens sky 
tones 

Medium- 

yellow 

3 

2 

ii 

It 

2 

11 11 

Darkens sky; bring 
out clouds 

Deep yellow 

5 

3 

21 

2 

21 21 2 

Very full correction 
of sky tone 

Yellow-green 

4 

2k 

2 

2 

2k 

U H 

Slightly darkens sky, 
also darkens red 
with pan film 

Pale green 

• 

3 

3 

3 

3 

21 21 

Correct tones on 
pan film for outdoor 
portraits, etc. 

Medium 

green 


• 

31 

4 

• 

3 31 

Fully correct tone 
reproduction on red 

Pale blue 

• 

• 

• 

• 

• 

•1 11 

Correct tones on 
pan films in artificial 
light 


LO = slow orthochromatic, O — fast orthochromatic, 
P =* correct panchromatic, R = red panchromatic. 
* There is no point in using this film-filter combination 
under these circumstances. 


456 


FIL 


the colour temperature of daylight depends on 
the time of day and on the weather. But for all 
normal work these variations can be ignored. 

Special light sources such as arc lamps, gas 
or mercury vapour discharge tubes, etc., have 
their own filter factors. They are usually 
published by the manufacturer of the film or 
plate likely to be used under such conditions. 
Correction Filters. Nearly all orthochromatic 
and panchromatic materials are excessively 
sensitive to blue. This means that in subjects 
like landscapes, the blue sky is much too light 
in the final print. The tone difference between 
the sky and white clouds is also lost. 

Both these troubles can be overcome by 
using a yellow filter. This colour works equally 
well with orthochromatic and panchromatic 
materials. The depth of the filter used depends 
on the amount of correction required. 

Some correction of orange and red tones, in 
addition to blue, may also be desired with 


panchromatic materials, especially those of 
increased red sensitivity. Thus, outdoor 
portraits of sun-tanned faces will look too pale 
without a filter to reduce the excessive red 
sensitivity. Moreover, for recording and similar 
work, completely correct tone reproduction is 
often wanted. Here a yellow-green or green 
correction filter should be used with pan- 
chromatic materials. 

As long as these filters are not too deep, they 
can be used with orthochromatic as well as 
panchromatic materials. With orthochromatic 
materials they are no better than yellow filters, 
because there is no red sensitivity to correct. 
But they are usef ul when we wish to carry as few 
fillers as possible and have to work with both 
ortho and pan materials. A yellow-green or 
pale green correction filter is the best all-round 
filter for such occasions. 

The excessive red sensitivity of some pan- 
chromatic films and plates also makes itself 



PRACTICAL FILTER EFFECTS. The subject is a red house standing in a green field, with a yellow roof, and a blue sky above it. 
Left: A shot taken through a red filter will show the sky virtually black, Che house and roof almost white, and the green grass very 
dark. Centre left: A yellow filter darkens the sky , lightens the red walls, reproduces the roof almost white, and records the grass 
in approximately Its correct tone. Centre right. A green filter darkens the sky as well as the red house, lightens the greens, and 
leaves the yellow more or less unchanged. Right: A blue filter reproduces the sky almost white, and darkens the other colours 
especially red. It would hardly be used in practice (except for making colour separation negatives). 
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GRADUATED SKY FILTER. Top: This should be mounted a little 
way in front of the lens to be effective so that rays from the 
sky are filtered, but rays from the foreground are not. Bottom: 
Mounted close to the lens it is unable to seporate the rays from 
sky and foreground, and filters both equally. 

felt in photography by tungsten filament 
electric lamps. In portraits especially, flesh 
tones are reproduced too pale, red lips hardly 
show at all unless heavily made up with lipstick, 
and blue eyes become too dark. A pale blue or 
blue-green correction filter is therefore used. 

Orthochromatic films are always highly 
sensitive to blue light and therefore never need 
a blue filter. 

At very high altitudes the blue sky tends to 
reproduce as a fairly deep tone on panchro- 
matic film and in mountain and Alpine 
photography a pale yellow filter gives all the 
correction necessary. At altitudes above 5,000 
feet a special colourless U.V. (ultra-violet) filter 
is often used. 

Sky Filters. Yellow and yellow-green correction 
filters are often loosely called sky filters because 
they are commonly used to darken the sky 
tones. But this name is more especially applied 
to the graduated correction filters. These are 
filter discs of which the top half is coloured, and 
gradually fades away towards a colourless 
lower half. They are used in landscape photo- 
graphy when only the sky is to be toned down, 
while the foreground requires no correction 
at all. 

The light fromthesky passes through the top 
(coloured) half of the filter, and the light from 
the subject through the bottom (colourless) 
half. As the camera exposure is given to suit the 
foreground, these graduated filters do not need 
increased exposures, and have a factor of 1. 

To be effective, the sky filter is not fixed 
directly on the lens, but a little distance in front 
of it, in a special holder. Some of these filters 
are square and fit in holders which allow the 
glass to slide up and down in front of the lens. 
The centre of the filter can thus be adjusted to 
the height of the sky line in the picture. This 
adjustment can only be made accurately on a 
camera with a focusing screen. 


Effect and Contrast Filters. Orange and red 
effect filters are used to cany the modification 
of sky tones beyond correct reproduction, to 
give specially dark dramatic skies. 

In addition, filters of the various colours are 
made to emphasize the brightness of certain 
colours in the subject (e.g. flowers), and to 
bring out or play down certain tones in copying 
and other fields such as photomicrography for 
which special sets of contrast filters are avail- 
able. 

Here the task of the effect and contrast 
filters is mainly to increase the tone contrast 
between the colours which would otherwise 
photograph as similar tones of grey. If, for 
instance, red and green are reproduced in their 
correct brightness on normal panchromatic 
film, they both look about the same. To 
differentiate between them, we can use either 
a red filter which will lighten the red and darken 
the green, or a green filter which will darken the 
red and lighten the green. Deep yellow will, of 
course, also act as a contrast filter. 

Contrast filters are almost exclusively used 
with panchromatic materials. 

We can best visualize the effect of these 
filters by laying out the main spectrum colours 
in their natural order: blue — blue-green — green 
— yellow — orange — red. 

Any filter will darken the tones of colours 
farthest away from its own colour on the 
spectrum scale. At the same time, the filter will 
lighten the tone of objects of its own colour, 
and it will make objects of neighbouring 
colours come out slightly lighter. Thus blue 
will be reproduced much darker with a red 
filter than with a yellow; green will come out as 
a much lighter tone with a green filter. 


SUMMARY OF CONTRAST AND EFFECT FILTERS 


Filter 

Daylight 
Factor 
P R 

Art. Light 
Factor 
P R 

Effect 

Blue 

5 

7 

10 

15 

Darkens red, yellow 
lightens blue 

Green 

. 6 

7 

6 

7 

Darkens red, orange, 
slightly darkens blue, 
lightens green 

Deep yellow 

2* 

. 2 

2* 

2 

Darkens blue, lightens 
yellow, orange 

Orange 

5 

4 

2J 

2J Darkens blue, green, 
lightens orange, red 

Light red 


4 

4 

3 

Darkens blue, green, 
lightens orange red. 
Generally increases 
Image contrast 

Deep red 

. 16 

6 

6 

6 

As light red, but with 
greater effect 


P = correct panchromatic, R = red panchromatic. 


Colour Separation Filters. Separation negatives 
for making colour prints are taken in sets of 
three through the tricolour filters, red, green, 
and blue. 

Normal tricolour filter sets are used to make 
colour separation negatives directly from the 
subject. The filters are more or less the same as 
the contrast filters of the same colour. 
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Special narrow-cut tricolour filter sets are 
used to make indirect colour separation 
negatives from colour transparencies. These 
filters pass light of practically only their own 
colour. 

With either type of tricolour filter the filter 
factors must be highly accurate, as even small 
errors upset the colour balance of the final 
colour print. The exact colour temperature of 
the light source is also much more important. 
These factors are generally supplied by manu- 
facturers for specific films or plates, since 
general factors as used with correction and 
contrast filters are not accurate enough. 

Filters for Colour Film. The relative colour 
sensitivities of the three emulsion layers of 
subtractive colour films are balanced for certain 
light sources to obtain reasonably correct 
colour reproduction. If any of the types of 
colour film are used with a light source for 
which they are not balanced, special colour 
conversion or colour compensating filters are 
needed. 

There are two kinds of conversion filter: 
pale yellow, to lower the colour temperature of 
the light, and pale blue or mauve to raise the 
colour temperature. The choice of the correct 
individual filter depends on the make of the 
colour film as well as on the amount of com- 
pensation needed. Every colour film should be 
used only with the conversion filters designed 
for it. 

Haze Filters. Detail in distant landscape views 
is generally obscured by atmospheric haze. 
Haze is simply light scattered by the water 
vapour and dust particles in the atmosphere, 
and it is mostly composed of blue and ultra- 
violet light — hence its blue colour. 

Most photographic materials are unduly 
sensitive to light of this colour and they tend to 
over-emphasize the effect of the haze in the 
finished photograph. So they lose even detail 
that the eye could distinguish when the photo- 
graph was taken. But the haze can be greatly 
reduced by using a yellow filter which holds 
back the scattered blue and ultra-violet light. 

This penetration of the haze increases as the 
filter cuts out more and more of the blue end 
of the spectrum, therefore it is more marked 
still with orange and red filters. 

This bluish haze is also objectionable in 
colour photographs of distant scenery. Here, 
a colourless, ultra-violet-absorbing, or a very 
pale yellow filter may be used. But anything 
more pronounced than the palest yellow 
completely falsifies the colour balance. 
Infra-red Filters. An extreme degree of haze 
penetration is possible with infra-red film used 
with an infra-red filter. This combination cuts 
out all visible rays and passes only infra-red 
light which is not scattered at all by the atmos- 
phere. We can thus get extremely clear pictures 
of long distance shots. This technique is there- 
fore greatly used in aerial photography and 
survey. 
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The infra-red filter makes skies come out jet 
black. Green leaves, plants, etc., reproduce 
almost white because the chlorophyll (green 
colouring matter) in the plants strongly reflects 
infra-red light. The result resembles snow 
photographs by moonlight. 

Infra-red filters (with infra-red film) find 
much use in medical photography and research ; 
e g. for photographs to show the structure of 
the blood vessels below the skin surface. 

Various other materials, including semi- 
charred carbon, reflect infra-red light. Thus 
charred documents can be deciphered if they 
are photographed by infra-red light, because 
the charred paper still reproduces as a light 
tone. 

Invisible Light Filters. Infra-red lamp filters 
can be used over a light source such as a flash 
bulb for night photography by invisible light. 
The infra-red filter cuts off all visible illumina- 
tion, passing only the invisible infra-red which 
lights up the subject and records the image 
on the film. 

Invisible light photography is also possible 
with ultra-violet light. Many substances glow 
in the dark when exposed to invisible ultia- 
violet rays. This fluorescence is used to 
distinguish between different inks and pigments 
which look identical in ordinary light. Ultra- 
violet light photography is thus a valuable tool 
in examining paintings and documents for 
suspected forgeries. 

Here again the ultra-violet filter is placed 
over a special ultra-violet lamp, cutting out all 
visible light. (This filter must not be confused 
with the colourless ultra-violet filter used over 
the camera lens for mountain and high altitude 
photography. The colourless filter absorbs 
ultra-violet light, while the lamp filter absorbs 
everything except ultra-violet light.) When 
photographing by ultra-violet light, a colourless 
niter is usually placed over the camera lens, 
since in most cases we want to record not the 
ultra-violet light itself, but only the fluor- 
escence. 

Spectrum Filters. These are contrast filters 
used in scientific work. They transmit only a 
narrow band of wavelengths — in effect only 
one colour of the spectrum. 

For even greater accuracy, the scientist uses 
interference filters. These are colour filters 
which derive their colouring not from any dye 
or pigment, but purely from optical interference. 
The colours are therefore very pure, and are 
not liable to fade or deteriorate. 

Polarizing Filters. These can cut out light which 
has undergone a change known as polarization. 

Light is polarized when it is reflected from 
the surface of any transparent medium. This 
includes glass, water, the glaze on china and 
pottery, varnishes, polishes, etc. The amount of 
polarization depends on the exact angle at 
which the light is reflected from the surface. 
Metallic surfaces do not polarize light on 
reflection. 
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The light from the blue sky, particularly at 
right angles to the position of the sun, is also 
polarized. 

The two main uses of polarizing filters there- 
fore are to reduce or eliminate surface reflec- 
tions when photographing subjects behind 
glass, under water, etc., and to darken blue 
skies without affecting the rest of the scene. This 
property is particularly useful in colour photo- 
graphy, where any other type of filter would 
upset the colour balance of the film. 

The polarizing filters sold for photography 
are usually sheets of a polarizing substance 
prepared in plastic form, and mounted between 
glass in much the same way as gelatin filters. 
The position of a polarizing filter on the lens 


is important; it is effective only if its polar axis 
is at right angles to that of the light it is 
intended to hold back. In practice, the subject 
is looked at through the polarizing filter and 
the filter is rotated until the objectionable 
reflections are reduced to a minimum. There is 
usually a handle, or some kind of reference 
marks on the mount so that the filter can be 
fitted to the lens in the position that gives the 
best visual result. L.A.M. 

See also: Clouds; Heat filter; Negative materials; Polar- 
ized light; Spectral sensitivity; Spectrography; Tone 
rendering. 

Books: All About Filters, by C. I. Jacobson (London); 
Exposure, by W. F. Berg (London); Photo Technique, by 
H. J. Walls (London). 


FINALITY DEVELOPMENT. Procedure of 
developing an image until all the silver salts 
affected by light have been reduced to silver. 

In normal negative development the action of 
the developer is stopped at a specified stage, 
depending somewhat arbitrarily on the con- 
trast and density required. The time taken to 
reach this stage depends on the developer, 
but is a matter of minutes and has to be care- 
fully controlled in each case to yield consistent 
results. 

In finality development the action of the 
developer is carried on as far as it will go, 
until the image reaches gamma infinity. In 
practice that involves developing the negative 
material for up to hours in the normal de- 
veloper. 

Finality development has the following 
results: 

(1) The effective emulsion speed increases 
because all the exposed silver salt is reduced 
instead of only part of it. The actual gain in 
speed in terms of shadow detail reproduced is 
in the region of 60-120 per cent, although 
exaggerated claims have put it as high as 800 
per cent. 

(2) The image contrast greatly increases. As 
a result, the density in the medium tones and 
highlights becomes very great, and the slightest 
over-exposure yields an almost unprintable 
negative. 

(3) The fog level increases. 

(4) The grain increases ; this procedure is not, 
therefore very suitable for miniature work. 

(5) The exact development time is not critical. 

In practice, the disadvantages under 2, 3 and 

4 greatly outweigh the advantage of extra 
speed. Finality development was, however, 
specified as standard procedure in the old (1931) 
DIN standard of film speed ratings. This was 
one of the reasons why that particular DIN 
standard was never accepted for international 
use. 

Finality development is nevertheless popular 
for papers, where the increase in contrast and 
density is not so great, and the image grain 


does not matter. In this case finality develop- 
ment has the added advantage of yielding 
superior image tones (except with some 
chlorobromide papers). Development must, 
however, still be stopped before the appearance 
of fog although fogging is generally delayed 
by suitable restrainers or developer improvers. 

At normal temperatures, chloride papers are 
developed to finality after about 1-lj minutes, 
chlorobromide and bromide papers after 
about 3-4 minutes. L.A.M. 

Sec aJso: Stand development. 

FINDER. Abbreviated name for viewfinder. A 
sighting device built in or attached to a camera 
through which can be seen an area of the sub- 
ject corresponding more or less exactly to the 
image focused on the sensitized material during 
exposure. 

FINE GRAIN TECHNIQUE. Whenever nega- 
tives are printed by enlargement, the fineness 
of the grain in the image is important. This 
applies especially to miniature work where the 
negative sizes of around 1 x lj ins. often 
require considerable magnification. Coarse 
grain shows itself in an uneven, broken-up 
appearance of the image tones — particularly in 
the medium densities — which is generally un- 
pleasant. One of the aims of miniature technique 
is therefore the production of fine grained 
images. 

The factors aflecting the fineness of the grain 
in the finished picture are : 

( 1 ) Choice of negative material. 

(2) Exposure of the negative. 

(3) Choice of negative developer. 

(4) Degree of negative development. 

(5) Choice of enlarging illumination. 

(6) Choice of paper. 

(7) Degree of enlargement. 

In brief, the best results are obtained by 
using a fine grain film, correct exposure, 
normal fine grain development to a moderate 
gamma, and enlargement in an enlarger with 


460 



semi-diffused or diffused lighting on a normal 
paper grade. 

Negative Materials. The most important factor 
determining the graininess of the final image is 
the size of the silver halide grains in the 
negative emulsion. Special fine grain materials 
are available for miniature photography. They 
tend to be comparatively slow, but should be 
chosen whenever the extra speed of hypersensi- 
tive materials is not essential. 

Provided the intrinsic grain of the emulsion is 
sufficiently fine, the other points of fine grain 
technique are considerably less important. They 
can, however, help to keep down the graininess 
with what would otherwise be a comparatively 
coarse grained film. 

Negative Exposure. Over-exposure tends to in- 
crease the grain of the negative image, even 
though the latitude of the emulsion may be 
able to cope with excessive exposures. To make 
the most of the limited fineness of grain with 
faster emulsions, the exposure should be the 
minimum required to yield adequate shadow 
detail, but no more. The use of some exposure 
guide — preferably a meter — for really accurate 
exposures is therefore desirable. 

FiDe-Grain Developers. Energetic developers 
tend to clump the silver grains in the image into 
larger aggregates. Fine grain developers gener- 
ally are formulae of curtailed activity, using 
either a low concentration of alkali (or else 
weak alkalis) to keep the pH down, and/or 
low-energy developing agents, and/or silver 
solvents. 

Many of these developers also lower the effec- 
tive emulsion speed, especially with fast films. 
Generally it is better to use a moderate fine 
grain developer with a fine grain film than an 
ultra-fine grain developer with a fast coarse 
grained film. The effective speed of the latter 
combination may be no higher than of the 
former, and the contrast is likely to be lower 
for the same degree of graininess. High-speed 
negative materials are intended for occasions 
where subject conditions demand the maximum 
speed without regard to graininess. 

Degree of Development. The average grain size 
in most negative materials increases as develop- 
ment progresses. The lower the image contrast 
produced — i.e., the shorter the development 
time — the finer the grain. Part of the function 
of a fine-grain developer is in fact to keep down 
the contrast. Fine grain development is to some 
extent a compromise between the lowest nega- 
tive gamma that will give a good print and the 
largest grain that can be tolerated. Miniature 
negatives are therefore best developed to a 
maximum gamma of 0-7-0-8. Over-develop- 
ment, especially when coupled with over- 
exposure, greatly increases the grain. 

But low-contrast development is not the 
complete answer to fine grain. While a low- 
contrast negative will have an image of com- 
paratively fine grain, it needs a hard paper to 
produce a satisf actory print. On the other hand 
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a hard paper tends to emphasize the grain of 
the negative. The most useful fine grain 
developers are therefore those made up of 
ingredients which tend to produce reasonably 
fine grain with reasonably good contrast. 
Enlarging Dlumination. The ideal enlargers for 
miniature negatives are those using a light 
source that is either semi-diffused (opal lamp 
and condenser) or fully diffused (lamps and 
diffuser or cold cathode grid). Condenser en- 
largers with a point source of light tend to 
emphasize the grain of the negative image, 
making it much more prominent in the print. 
Choice of Enlarging Paper. Contrasty papers 
accentuate the grain in the negative, soft 
papers tend to subdue it. The paper grade 
required depends of course also on the contrast 
of the negative. Negative development should 
therefore be adjusted to yield an image which 
will print well on not too hard a paper. 

The paper surface also affects the graininess 
of the final image. Smooth surfaced (especially 
glossy) papers tend to show up the grain, 
rough surfaced papers tend to lose the image 
grain in the paper texture. Large prints of con- 
siderable magnification are therefore best 
made on rough paper. 

Degree of Enlargement. Obviously the more 
the negative image is enlarged, the more pro- 
minent the grain will be. The photographer 
who likes to leave plenty of “air” around the 
subject gets a smaller image than the one who 
takes the trouble to arrange the subject in the 
finder so that it fills the whole of the negative 
area right up to the margins. The first worker 
may have to enlarge his negatives up to twice 
as much as the other, and in consequence get 
consistently grainier prints in spite of all his 
fine grain technique. So, where it can be done 
without prejudice to correct perspective and 
depth of field, the image of the subject should 
always occupy the whole of the available nega- 
tive area. L.A.M. 

Illustrations: Plate Section IX. 

See also: Developers; Grain; Negative materials; Physical 
development; Resolving power; Surface development. 
Books: All About Developing, by C. I. Jacobson 
(London); Developing, by C. I. Jacobson (London); 
35 mm. Photo Technique , by H. S. Newcombe (London). 

FINGERPRINTS. To the photographer, finger- 
prints may be either a nuisance or they may 
actually form his subject — e.g., in crime detec- 
tion and police records. In the first place they 
are to be avoided, in the second, the aim is to 
get as clean a photographic image of them as 
possible. 

Prevention. When the fingers press on the 
surface of a sensitized material they may leave 
behind prints that become visible later. There 
are three kinds of contamination which may be 
responsible : grease, perspiration and pro- 
cessing chemicals. 

(1) The natural oil on the skin may leave a 
greasy, water-repellent imprint. This has no 
effect on a finished negative or print, but if it 
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is left on the surface of the material before it is 
processed, it prevents the processing solution 
from acting on the emulsion. If made on an 
undeveloped negative the result is a light 
imprint after processing. A greasy fingerprint 
on the developed negative will hold back the 
fixer and allow the emulsion to get blacker, so 
the imprint will show as a black mark on the 
half-tones. 

A greasy finger-mark on a print before 
development will hold back the developer and 
later show as a white imprint on the half-tones 
and shadows. 

A greasy imprint made on the surface of a 
print after development and before fixing will 
blacken over the half-tones where it has been 
exposed to light but it will remain clear over 
the highlights. Later, however, if the print is 
exposed to daylight for any length of time, 
such imprints will gradually darken and become 
visible. The remedy here is to wash hands in 
soap and hot water immediately before a pro- 
cessing session, and then refrain as far as 
possible from touching the sensitive surfaces. 
Forceps should always be used for handling 
prints. 

(2) Imprints of another kind are caused by 
perspiration on the fingers. The moisture is 
usually slightly acid and, although it is im- 
mediately dissolved and rendered harmless by 
the aqueous processing solutions, it can set up a 
chemical action with visible consequences if 
transferred to the surface of a dry negative or 
print. This type of imprint may appear either 
white on half-tones and shadows or dark or 
discoloured on half-tones and highlights. 
People whose hands tend to perspire unduly 
should rinse them in water frequently during 
processing to dilute the dissolved matter in the 
perspiration. They should avoid handling 
sensitized materials before processing and use 
a self-loading spiral tank for developing 
films. 

(3) The fingers can become contaminated by 
processing chemicals when manipulating plates 
and prints in the various solutions. The ideal 
prevention is to use forceps or, if that is im- 
possible, rinse the fingers in clear water before 
as well as after putting them in the solution. 

Contamination can also occur by indirect 
means — i.e., from touching objects that have 
been handled on a previous occasion with 
contaminated fingers — e.g., taps, bottles and 
stoppers, door-knobs, and particularly towels. 
This is a further reason for rinsing the fingers 
immediately after they have been in contact 
with a solution. For the same reason it is 
always wise to wash off any dribbles of solu- 
tion that run down the side of a liquid chemical 
bottle. 

Colour materials also will finger-mark from 
any of the above causes and the results show 
equally over all colours, shadows and high- 
lights. The imprint may be black, clear or 
coloured depending upon the type of material 


and the stage at which the fingers touch the 
surface. 

Photography. The grease or perspiration that 
is normally present on the fingers leaves an 
invisible print on everything it touches. It is 
possible to render these imprints visible by 
dusting with a suitable powder. Photographic 
records of them can then be made. Fingerprint 
photography forms an important branch of 
criminal investigation. 

Fingerprints taken for police records may 
later have to be photographed so that they can 
be projected in enlarged form for comparison 
with prints found elsewhere. The photographic 
technique here is simply a matter of making a 
normal black-and-white record of a clear black 
on white impression. F.P. 

See also: Crime photography; Faults; Police photography. 

FINLAY, C. L., 1 877-1936. English inventor 
of mosaic screen additive colour photography 
process: Thames plate (1908) with integral 
screen, Paget (1913) with separate screen. 

FINLAY COLOUR. Additive colour process 
in which the ruled mosaic screen was separate 
from the monochrome negative. It had the 
advantage that copies could be made by normal 
black-and-white technique and then turned into 
colour transparencies by binding each copy up 
with its own colour screen. 

See also: Colour history. 

FIREWORK DISPLAYS. There are two ways 
of photographing fireworks : with a time expo- 
sure, and with an instantaneous exposure. 
Fireworks by Themselves. If the camera is set 
up on a tripod and the shutter is left open, the 
light of each firework will register on the film 
from start to finish. The shutter can be closed 
after a single firework has gone off, or left 
open to register the pattern left by several. This 
technique is also effective for photographing 
the lightning flashes in the course of a thunder- 
storm after dark. 

The most effective way of collecting a number 
of firework patterns over a period of time is to 
close the shutter after each principal event and 
open it just before the next. This prevents the 
picture from being spoiled by registering minor 
fireworks and casual light sources. If this 
method is adopted, the shutter should be 
operated by a very long cable release so that 
the operator’s arm can rest; waiting for several 
minutes with the finger at the ready on the 
shutter release can be very tiring. 

Instantaneous Exposure. Short shutter ex- 
posures are only possible when the display 
produces a great volume of light that lasts for 
some seconds. At such times, very effective 
pictures can be made of the faces of the 
spectators or of silhouettes against the light of 
fireworks or bonfires. This type of subject calls 
for the maximum speed that can be obtained 
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by combining large lens apertures with high 
speed pan films, and processing that puts film 
speed before every other consideration. 

Flash. Both flash bulbs and flash powder can be 
used to improve firework pictures. The use of 
flash bulbs or electronic flash to light up people 
in the immediate foreground calls for double 
exposure technique. The most effective method 
is to set the camera on a tripod, focus the lens 
on the foreground, and stop down so far 
that the picture will be very much under-ex- 
posed. This exposure must be made in between 
fireworks or the trails will be blurred. Open 
flash is used to save having to reset the shutter 
for the fireworks. 

After making the first exposure at the best 
moment for recording an interesting fore- 
ground, the shutter is closed, the lens refocused 
on infinity, and the firework trails are taken in 
the normal way by opening the shutter on B. 
The resulting picture will show the fireworks 
exploding in the sky and reproduce enough of 
the foreground — e.g., the backs of spectators — 
to give more depth and interest than would 
normally appear. 

Sensitized Material. For all work of this type 
only the fastest panchromatic films are any 
use — particularly as the prevailing colours of 
the subject are largely red and green, neither 
of which would come out on an orthochromatic 
film. 

Most colour materials are fast enough to 
record the coloured patterns of the fireworks, 
and the results are frequently enchanting. Here, 
too, it is worth-while experimenting with flash 
to record the foreground objects. 

When examining the results, it is as well to 
remember that this type of subject always gives 
a disappointing looking negative in black-and- 
white. The only reliable way of judging whether 
the negative is worth printing is to print it. 
Often something that looks only fit for the 
waste paper basket makes a first-rate print. 

Most firework negatives should be printed 
on a hard, glossy or lustre surfaced paper so 
that every trail or spark appears as white as 
possible. 

For those who enjoy using photo tints, fire- 
work prints — and lantern slides — offer plenty 
of scope and the effects have at least a pleasing 
novelty that even the most hardened purist 
would hesitate to condemn. L.V. 

Sec also: Light sources; Light sources In the picture. 


FISCHER, NICOLAS WOLFGANG, 1782- 
1850. Austrian Professor of medicine. Uni- 
versity of Breslau. Discovered the light sensi- 
tivity of silver albuminate and published a 
pamphlet in 1814 on the action of light on silver 
chloride. In 1818 he described how to preci- 
pitate metallic silver from silver chloride by the 
action of zinc, a reaction afterwards made use 
of in the recovery of silver from photographic 
residues and waste. 
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FISH. There is no great difficulty involved in 
photographing river and sea fish under con- 
trolled conditions in a suitable glass-sided tank. 
This may be either a fair-sized tank with a 
movable glass plate with which the subject can 
be penned into a narrow space, or the tank 
itself may be made narrow enough in the first 
place. A convenient tank for this is 2 feet long 
by 18 ins. high by as little as 4 ins. in depth. 

When photographing small fish, the lens is 
generally brought up so close to the subject 
that there is very little depth of field. Under 
these conditions, the narrower the tank the 
better, because fish have 8 tantalizing habit of 
keeping beyond the zone of sharp focus if they 
are allowed the necessary freedom. 

The tank must be fitted with the best polished 
plate glass, front and back, to prevent optical 
distortion. All stones, sand and water-weed 
that form the scenery inside the tank must be 
well washed. Unless this is done, the soil and 
dirt will be stirred up by the movement of the 
fish and degrade the quality of the picture. 
For the same reason, the fish and the water are 
always allowed to settle for an hour or so 
before taking any photographs. 

Avoiding Reflections. The camera is never set 
up exactly square with the front of the tank or 
it would photograph its own reflection as well 
as the fish. It is moved about 2 ins. to the side 
so that the lens-subject line is at an angle to 
the front of the tank. The small shift out of the 
square-on position makes practically no 
difference to the focusing of the camera, but it 
keeps its reflection out of the picture All other 
reflections from the front of the camera and its 
surroundings are cut off by supporting a sheet 
of dull black paper or fabric opposite the front 
of the tank and just clear of the camera lens. 

These precautions are, however, not neces- 
sary if the camera is brought up to the glass 
so that the lens hood actually touches it. 

Fish may be photographed successfully 
indoors with artificial light. Again care must 



AQUARIUM SET-UP. The fish is confined to a narrow zone by a 
sheet of glass in the water. Black paper surrounds the lens to 
eliminate reflections from aquarium wall. Backgrounds can be 
set up behind to appear as if they were inside. 
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be taken to arrange the tank and lighting so 
that no reflections are shown in the glass, for a 
tank filled with water can act as a very effective 
mirror. Most of the front reflections may be 
obviated with a black cloth as already men- 
tioned. Two floodlights set up above the 
camera and about 3 feet each side of it give 
good lighting, but the whole set-up should be 
carefully examined on the focusing screen 
before making an exposure. Another method is 
to place the tank close to a north window, with 
one floodlight on the opposite side. 

Electronic flash or flash bulbs shining down 
from above the water surface can also be used. 
Suitable Subjects. The majority of fresh water 
fish may be photographed in a tank of the type 
described above. It is better to choose small 
specimens ; a fish 6 ins. long will make a better 
picture than one twice the size. 

Any scenery included in the tank should be 
of the type usually associated with the fish to be 
photographed. When making records of a fish 
that spends most of its life at the bottom of the 
stream, for instance, the bottom, with 
characteristic weeds, should be shown in the 
picture. If the fish is a surface feeder, there is no 
need to show the floor of the tank. Since both 
the front and back of the tank are glass, extra 
scenery, and particularly the background, can 
be most conveniently built up outside and if 
they are thrown slightly out of focus it helps to 
give a feeling of depth to the picture. 

Fish in Aquariums. The photography of the 
larger sea fish in public aquariums calls for 
special equipment and facilities not available 
to the ordinary photographer. A considerable 
amount of floodlighting is used and special 
precaution* are taken to avoid reflections. 
Generally, there is an anti-reflection hood 
extending from the lens right up to the face of 
the glass, and part of the illumination may be 
provided by flash bulbs sealed into glass con- 
tainers submerged with the fish. O.G.P. 

See also: Pets: Underwater photography . 

FISH GLUE PROCESS. Process in which 
a photographic image is produced by printing 
from a negative on to a metal plate coated 
with a lig t-sensitive layer of ammonium 
bichromate dissolved in fish glue. Where the 
light has acted, the glue is rendered insoluble 
and the plate is developed by washing away the 
soluble glue. The plate is subsequently etched 
to form a relief printing image, the insoluble 
glue forming a resist. The process is used in 
photomechanical reproduction. 

FIXED FOCUS. On many of the cheaper 
cameras, there is no focusing movement and 
the lens is at a fixed distance from the film. 
With such fixed focus cameras, all objects 
beyond about 7 feet from the camera are in 
reasonably sharp focus. 


The success of fixed focus relies on the deptu 
of field of the lens. For cheapness, such cameras 
are fitted with lenses of relatively small aperture 
and proportionately great depth of field. A 
typical example would be a 21 x 2J ins. box 
camera fitted with a 7 5 cm. lens with a working 
aperture of / 11. If such a lens is focused on 
23 feet, the depth of field at / 1 1 extends from 
11 J feet to infinity. In practice the definition 
would be considered sufficiently good from 
about 8 feet. It is thus possible to use such a 
camera for making reasonably good pictures 
by simply avoiding subjects closer than 8-10 
feet. Many cameras of this type can be used 
closer than this because they are fitted with 
lenses with a working aperture even smaller 
than / 1 1 . Others have a lens of shorter focus — 
e.g., 5 cm. — with a correspondingly greater 
depth of field. 

Fixed Focus Setting. Any focusing camera can 
be converted at once into a fixed focus camera 
for snapshooting by focusing the lens at the 
hyperfocal distance for the aperture in use. If 
the lens has a depth of field scale, setting it for 
fixed focus working simply means adjusting the 
focus so that the distant limit of the depth of 
field for the working aperture coincides with 
the infinity mark. Obviously, the smaller the 
working aperture, the closer the near limit of 
the zone of sharp focus will come to the 
camera. 

By adding supplementary lenses fixed focus 
cameras can be used for subjects closer to the 
camera than the near limit of the depth of field. 
Technique. Fixed focus makes the camera easy 
to use and eliminates the risk of getting the 
subject out of focus. But while it gives a sharp 
picture of the subject (so long as it is not too 
close), it also gives a sharp picture of every- 
thing else more than 8 feet or so in front of the 
camera. This general sharpness is sometimes 
undesirable. It is all very well for a street scene 
or a landscape. But trouble arises when the real 
subject of the picture is viewed against an 
unimportant or ugly background. 

How to Subdue the Background. The owner 
of a focusing camera can deal with the un- 
wanted background by differential focusing. 
This cannot be done with a fixed focus camera, 
so the background must be played down in 
one of the following ways. 

By choosing a plain background such as the 
sky, or a stretch of sand, grass, or snow. In this 
case the eye has nothing to focus on but the 
subject, so it no longer tends to wander away 
from the point. 

By shooting from a low viewpoint. This cuts 
out the competing objects near the subject and 
shows it against more distant things which are 
therefore lighter in tone. Best of all, it may show 
the subject against the plain blue tone of the 
sky. 

By choosing a contrasting background. A 
light-toned subject will stand out if it is 
photographed against a dark-toned back- 
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ground or an area in shadow. In the same way, 
a dark subject will stand out from a light-toned 
background. 

By swinging the camera. If the camera 
follows a subject that is moving across the line 
of view, the subject will be sharp and the 
background blurred. 


FIX 

By using flash. So long as the background 
is upwards of 10 feet farther away from the 
camera than the subject, it will be too dark to 
attract attention. This method can only be ap- 
plied in poor light, and it works only if the back- 
ground itself is comparatively dark in tone. F.P. 

See alio: Zone focusing. 


FIXING 


When negatives or prints have been 
developed, they should be given a thorough 
rinse in water or a stop bath. This is to remove 
or neutralize the surplus developer on the emul- 
sion. They must then be fixed. 

THEORY 

Fixing is the part of the photographic 
process in which the unexposed and unreduced 
silver halide is removed to render the image 
stable in white light and also to remove the 
turbidity. This is done by dissolving the silver 
halide in a solution of a substance that can 
form soluble silver salts. A wide range of 
substances is available ranging from cyanides, 
and thiocyanates, which act quickly, to sul- 
phite and a strong solution of potassium 
bromide, which are slowest in action. For 
general purposes sodium thiosulphate (hypo) 
is the most effective agent. 

When silver halides dissolve in thiosulphate 
solutions they form a series of silver-thio-sul- 
phates Na* Ag» (S a 0 3 ) c»+y)/i according to the 
conditions. Only two complexes are important 
in ordinary fixation; in both these y = 1 and 
x is either 3 or 5. When the hypo concentration 
is below 25 per cent, x = 3. Above 50 per 
cent, conditions favour x = 5. Between these 
ranges, both forms will be present in substantial 
proportions. 

It is better to fix in baths of low silver content 
because this favours the more rapid removal of 
the silver-thiosulphate complexes in the sub- 
sequent washing. These conditions are usually 
achieved in practice by fixing in two consecu- 
tive baths. 

It is undesirable for most purposes to use a 
plain hypo solution for fixing, especially if the 
films or plate are transferred direct from the 
developer to the fixer, because the developer 
will continue to act in the presence of the fixer. 
This often results in the formation of a dichroic 
silver deposit as a stain. This trouble can be 
avoided by using an acid fixing bath. 

The addition of an acid, even one as weak as 
acetic acid, to a solution of sodium thiosulphate, 
causes decomposition and the deposition of 
sulphur. This decomposition can be avoided 
by having bisulphite present. A simple acid 
fixer can be compounded from sodium thio- 
sulphate and sodium bisulphite (or potassium 
metabisulphite). Fixers can be acidified with 


acetic acid or by acid sulphates (e.g., alum) 
after adding sulphite or bisulphite. 

It is equally essential after fixing to wash 
negatives and prints thoroughly before drying 
them. This is to remove the products of 
fixing that, if remaining, would affect the 
permanence of the image. G.I.P.L. 

FIXING NEGATIVES 

It is specially important for negatives to be 
completely fixed because a spoiled negative 
cannot be replaced and many types of after- 
treatment will ruin a negative in which there 
are still traces of silver salts. 

Sodium thiosulphate or hypo is the most 
common fixing agent. Certain other chemicals 
may be added to the fixing bath to prevent 
staining, to harden the gelatin, or fulfil some 
purpose other than fixing. 

Acid Fixers. The presence of an acid in the 
fixing bath ends the process of development at 
once by neutralizing any alkali carried over 
from the developer. This prevents the deve- 
loper from continuing to act locally and form 
stains on the negative during fixation. 

As most acids by themselves decompose 
sodium thiosulphate, sodium sulphite must 
also be present to act as a preservative. The 
same purpose is served by using a bisulphite 
as the acid salt. 

The simplest type of formula is that for 
bisulphite acid fixing bath: 

Sodium thiosulphate 6-12 ounces 200-300 trams 

Sodium bisulphite (or 

potassium metabi- 
sulphite) I ounce 25 trams 

Water to make ... 40 ounces 1,000 c. cm. 

This can be made up as (A), a 50 per cent 
stock solution of sodium thiosulphate, and 
(B), a 10 per cent stock solution of potassium 
metabisulphite. For use, two parts of A are 
mixed with one of B. 

A solution containing 5 per cent sodium 
sulphite and 1 *5 per cent concentrated sulphuric 
acid can be used instead of the potassium 
metabisulphite stock solution. 

Another alternative for the acid stock 
solution is 10 per cent sodium sulphite with 
4 per cent of acetic acid added. This solution 
is mixed with an equal volume of water and 
added to the same amount of 50 per cent hypo 
solution. 
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In all cases (including acid hardening fixers) 
the solutions must be mixed cold. 

Acid Hardening Fixers. Hardening fixers use 
either chrome alum or potash alum as 
hardening agent. The former has the greater 
hardening power, but the latter keeps better. 

The formula for chrome alum acid hardening 
fixer is: 

Stock solution A. 

Sodium thiosulphate (hypo) 24 ounces 600 grams 

Potassium metabisulphite ... 2 ounces 50 grams 

Water to make 40 ounces 1,000 c.cm. 

Stock solution B. 

Chrome alum ... ... I ounce 25 grams 

Water make 40 ounces 1.000 c.cm. 

Equal parts of A and B are mixed just before 
use. The solution will not keep longer than 
a day or two. 

The formula for potash alum acid hardening 
fixer is: 

Stock solution A. 

Sodium thiosulphate (hypo) 12 ounces 300 grams 

Water to make 40 ounces 1 ,000 c.cm. 

Stock solution B. 

Sodium sulphite, anhydrous 3 ounces 75 grams 

Glacial acetic acid 24 ounces 63 c.cm. 

Boric acid 1 1 ounces 38 grams 

Potash alum 3 ounces 75 grams 

Water to make ... ... 40 ounce* 1,000 c.cm. 

For use, 3 parts of A are mixed with 1 part 
of B. 

With acid and acid hardening fixing baths it 
is safe to expose the material to white light as 
soon as the fixer has started to act, as develop- 
ment is arrested almost at once. But it is never 
wise to subject unfixed material to strong light 
for long because it slows down fixation and the 
action of the light may deposit silver on the 
emulsion as a thin fog. 

Rate of Fixing. The speed with which a 
fixing bath acts depends on : the sodium thio- 
sulphate concentration, the exhaustion of the 
solution, the negative material, and the 
temperature of the solution. 

The rate of fixing increases with increasing 
sodium thiosulphate concentration up to a 
maximum strength of about 35-40 per cent. 
Above that the rate of fixing falls on. About 
30 per cent is a convenient optimum. 

The presence of certain other chemicals 
decreases the fixing rate. Acid fixers and acid 
hardening fixers work slower than plain solu- 
tions containing the same amount of sodium 
thiosulphate. 

As the solution becomes exhausted, the 
thiosulphate concentration, and thus the fixing 
speed, decreases. Some of the silver compounds, 
particularly iodide, in a partly exhausted 
fixing bath also slow down the action of the 
bath. 

The fixing time also depends to some extent 
on the negative material. /Thick emulsions — 
particularly double coated ones— contain more 
silver bromide than thin ones, and take longer 
to fix. Many high speed emulsions contain a 


proportion of silver iodide, which is much less 
soluble than silver bromide, and consequently 
takes longer to fix. For the same reason, when 
the silver bromide is converted into silver iodide 
as in physical development, fixing takes a 
longer time than usual. 

As a rule, papers fix very rapidly. This is 
because the emulsion layer is thinner and also 
because, in the case of chloride and chloro- 
bromide papers, the emulsion contains silver 
chloride which is much more soluble than 
silver bromide. 

The effoct of temperature on the fixer is the 
same as on all other solutions: the warmer the 
bath, the quicker it acts. At high tempera- 
tures a hardening fixer is essential. 

For really rapid fixing there are special high 
speed fixing baths. 

Exhaustion of the Fixer. The area of negative 
material that can be fixed in a given volume of 
fixing solution is mostly limited by accumula- 
tion of iodide and dilution, caused by water 
carried over by the negative. 

Both these effects slow down the fixing rate. 
In addition the increasing concentration of 
silver compounds makes fixation progressively 
difficult, until the point is reached when the 
material cannot be completely fixed even if the 
bath is replenished by adding sodium thio- 
sulphate. The high silver content of exhausted 
fixing baths also leads to staining of materials. 

The acid in an acid fixing bath is gradually 
neutralized by the developer, which is nor- 
mally alkaline, carried over in the emulsion of 
the negative. This will happen sooner when the 


EXHAUSTION OF FIXING BATH 


Negative Size Number of Negatives per 

,n - cm. 40 ounce* (1,000 c.cm.) 

1 x 4 

2 4 x 3 6 

1,000 

4 * if 

3x4 

1,000 

If x It (V.P.) 

4 x 6-5 

480 

n*u 

6x6 

360 

2t*3i 

6x9 

240 

21*4 

6 5x11 

180 

Six 4 

9 x 12 

140 

(i-plate) 



3t x5* 

9-5 x 14 

100 

(postcard) 



4x61 

12 x 16 

75 

(i-plate) 



6txBt 

16 x 22 

40 

(whole plate 



ft x 10 

20x 25 

30 

Film Size or Number 

Number of rolls per 


40 

ounces (1.000 c.cm.) 

35 mm film, 18-20 exposures 

60 

35 mm. film, 36 exposures 

30 

No. B28 or 680 (Bantam) rolls 

100 

Standard No. 27 or 127 (V.P.) 


rolls 


60 

Standard No. 20, 

120, 62, 620, 


or Z20 rolls 


30 

Standard No. 16, 

116, 616, or 


ZI6 rolls 


20 
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intermediate rinse is not as thorough as it 
should be. If the acid in the fixing bath is 
exhausted before the fixer its action can be 
restored by adding further acid stock solution. 

The number of films or plates that can be 
fixed in a given quantity of fixer depends finally 
on the type of the negative material, and on the 
amount of silver bromide left behind in the 
emulsion after exposure and development. 
Thin emulsions films and dense negatives will 
exhaust the bath less than under-exposed and 
under-developed negatives where a lot of 
unused silver bromide remains to be dissolved 
away. 

As a maximum, 40 ounces of fixing solution 
containing 25 per cent of sodium thiosulphate 
will fix about 2400 square inches of material 
(about 1-5 square metres per 1000 c.cm.J. 

This is given in the tables above in terms of 
the number of actual negatives that the bath 
will fix. 

Testing for Exhaustion. The speed with which 
the milkiness of the negative clears gives some 
indication of the approach of exhaustion. 
When the clearing time is more than three 
times as long as with the fresh bath, the 
solution is best thrown away. 

A more exact test is to add about 20 minims 
(1 c.cm.) of 5 per cent potassium iodide solu- 
tion to 1 ounce (25 c.cm.) of the fixing bath. 
If the solution goes cloudy and does not clear 
on shaking, the fixer is exhausted. 

The acidity of the solution can be checked 
by dipping a piece of blue litmus paper into it. 
The litmus paper will turn red immediately if 
the bath is sufficiently acid. 

Keeping Properties. Freshly mixed fixing 
solution will keep almost indefinitely; fixing 
baths are not exhausted by storage as are 
developers. In a partly exhausted fixing bath, 
especially if it is left exposed to light, the silver 
compounds gradually decompose, forming a 
blackish sludge of silver. If the acidity is low, 
a white deposit of aluminium hydroxide may 
also form from the potash alum present. All 
these precipitates should be filtered off before 
use. 

Hardening fixers with chrome alum lose 
their hardening properties within 1-2 days. 
Two-Bath Fixing. To guarantee thorough 
fixation, the normal fixing bath may be followed 
by a freshly made up bath of the same solution. 
This second solution removes any last traces of 
silver salts that may be left in the emulsion 
when the first bath nears exhaustion, The 
second fixer stays practically fresh all the time. 

When the first bath is thrown away, the 
second one takes its place, and a fresh second 
bath is made up. This system uses no more 
fixer than the single bath method, but it cuts 
out the risk of incomplete fixation. 

High Speed Fixing. As a quick fixer for 
negatives, ammonium thiosulphate may be 
used instead of the sodium compound. In 
practice this is often done by adding 1 part of 


ammonium chloride (sal-ammoniac) for evep' 
5-7 parts of sodium thiosulphate contained in 
the solution. The chloride attacks stainless 
steel, however, in which case ammonium sul- 
phate may be used instead. 

Such fixing baths act in about one-quarter 
to one-half the time needed with normal fixing 
solutions but they are said to affect the per- 
manence of the silver image. 

A 40 per cent ammonium thiocyanate solu- 
tion containing 5 per cent formalin may be 
used. This will fix in about half a minute and 
even less if it is used hot (up to 1 20°F. or 50°C.). 
During the very short immersion times the 
gelatin is not likely to soften appreciably. 

The high fixing rate of ammonium thio- 
cyanate makes it suitable for low temperature 
processing. The solution has a very low 
freezing point and it takes only a few minutes 
to fix even below 32°F. (0°C.). 

Potassium cyanide is another chemical with 
rapid fixing properties but it is rarely used 
because it is very poisonous. It has the added 
disadvantage of attacking the silver image 
and acting like a weak negative reducer. 

FIXING PRINTS 

Fixing is as necessary for prints as for 
negatives — i.e., it removes unused silver com- 
pounds still present in the print after develop- 
ment. These silver compounds would in time 
tend to discolour and mar the print. Thorough 
fixing is also important if the print is to be 
toned later. 

Fixers. The commonest fixing bath for prints 
is an acid fixer containing sodium thiosulphate 
(hypo), and an acid, together with sodium 
sulphite or an acid salt like potassium meta- 
bisulphite. The acid immediately neutralizes 
any alkali carried over from the developer, 
particularly if a plain water rinse is used 
instead of an acid stop bath. It arrests the 
action of the developer and so prevents stains. 
It also lengthens the useful life of the fixing 
solution. 

The formula given for negatives may be 
used, but only half the amount of sodium 
thiosulphate is necessary for prints. 

Prints should never be fixed in a bath which 
has been used for negatives. Such a fixer may 
contain enough silver salts to stain prints, even 
when it has no obvious effect on films or plates. 
There is also the risk that the prints will be 
stained by backing dye dissolved from the back 
of films or plates. 

Acid hardening fixers are not usually neces- 
sary for prints; the gelatin layer of printing 
papers is not as sensitive to temperature changes 
or physical injury as the emulsion of a film or 
plate. A hardening fixer may, however, be 
advisable if the prints are to be hot glazed. 
In that case the acid hardening fixers for 
negatives are suitable, but should be used at 
half strength. 
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Fixing Time. The usual time necessary for 
completely fixing chloride contact papers is 
about one minute, and for chlorobromide and 
bromide papers about two minutes, all at 
65-70°F. (18-21°C.). When the bath is 
nearly exhausted, fixing may take two or three 
times as long. 

When prints are left in a fresh acid fixing 
bath, particularly if it is strongly acid, the 
solution may in time dissolve away some of the 
fainter highlight detail. And after prolonged 
fixing the paper fibre absorbs acid, which 
subsequent washing may not remove com- 
pletely. This acid can in time attack the 
silver image. 

Prints should therefore not stay in the fixing 
bath for longer than about ten minutes. 
Two-Bath Fixing. As a safeguard against 
incomplete fixing, two similar fixing baths may 
be used. The first bath does the main work 
of fixing, and the second removes any traces of 
silver salts left in the emulsion. The first bath 
gets exhausted in the normal time, while the 
second stays fresh much longer. 

When the first bath is exhausted, it is thrown 
away; its place is taken by the second bath, 
and a new second bath is made up. 

The amount of fixing salts used up is no 
more than for a single fixing bath, but the two 
baths ensure complete fixing, even when the 
first bath is nearly exhausted. 

Rapid Fixing. The fixing time of prints is 
already very short, so the special high-speed 
fixers used for negatives are rarely needed for 
normal photography. 

The only rapid fixer of practical importance 
for prints is ammonium thiosulphate. It may 
be used as a 20 per cent solution with 3 per cent 
potassium metabisulphite added. Alternatively, 
it can be made by adding ammonium chloride 
to a normal acid fixing bath (1 part to every 6 
parts of sodium thiosulphate in the fixer). 

At normal processing temperatures, this 
solution will fix prints in about 1 5-20 seconds. 
Exhaustion. During fixing, the silver salts 
removed from the prints accumulate in the 
fixing bath. With print fixers, the concentra- 


tion of silver salts usually becomes too great to 
permit complete fixation before all the thio- 
sulphate in the bath is actually used up. This 
is why nothing much is gained by using print 
fixers as concentrated as negative fixers; they 
would still stop working after about the same 
number of prints. 

Print fixers should never be overworked. 
They may still appear to act satisfactorily, 
when they are in fact spent. A fresh fixing bath 
is particularly essential when maximum per- 
manence is required in prints. 

The number of prints which 1,000 c.cm. or 
about 40 ounces of fixer containing 20-25 per 
cent sodium thiosulphate will fix is approxi- 
mately the same as the number of negatives. 
The actual work done by the fixing bath is 
less, because printing papers contain less silver 
than negative materials. But the amount of 
dissolved silver which the bath can contain 
and still go on working satisfactorily is also 
lower. 

The keeping qualities of print fixers are much 
the same as those of negative fixers. 

Tests for Fixing and Exhaustion. Chloride and 
cream-tinted bromide papers do not change 
colour in the fixing bath. Ordinary bromide 
prints turn from pale yellow to white. This, 
however, is not a reliable guide for complete 
fixing. 

A better test is to drain and wash a print 
after fixing, and touch one comer with a crystal 
of sodium sulphide (or place a small drop of 
10 per cent sodium sulphide solution on it). 
If the spot tested goes brown, the print still 
contains silver salts and is not completely 
fixed. If the test gives a brown stain, even 
after prolonged fixing (5 minutes or more), the 
fixing bath is exhausted. 

The fixing bath itself may be tested directly 
by the potassium iodide method, while blue 
litmus paper will indicate whether the fixer is 
sufficiently acid. L.A.M. 

See also: Cold weather; Hot weather processing; Hypo 
eliminator; Rapid processing; Tropical photography . 

Books: All About Developing , by C. I. Jacobson 
(London); Developing, by C. I. Jacobson (London). 


F1ZEAU, HIPPOLYTE LOUIS, 1819-96. 
French physicist. Invented gold toning of 
daguerreotypes in 1840. Etched (not very 
successfully) daguerreotypes for mechanical 
printing (1841). Studied (1844, with Foucault) 
the action of various light sources and of the 
spectrum on daguerreotype plates and found 
reciprocity law failures. Took first pictures of 
the sun on daguerreotype (1845, with Fou- 
cault). 

FLARE. Bright patch (sometimes also a ring 
or other irregular pattern) on the print caused 
by strong light reflections inside the lens. The 
light may be any bright source inside or on the 


edge of the picture area, or even a bright rim on 
the edge of the lens mount or hood. 

All lenses tend to form flare spots, although 
by good design the worst of them can be made 
to fall outside the limits of the negative 
normally covered by the lens. 

Almost every camera lens will form one or 
more flare spots if it is pointed towards a light 
source. These spots show up on the focusing 
screen and it is a good plan to study the 
performance of a lens in this way for those 
occasions when the picture area includes a 
light source. The quickest way of making such 
a check is to set the camera up in the darkroom 
in front of a lighted candle. The position of the 
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flare is noted as the lens is aimed directly at the 
flame and also to each side of it. It is often 
possible to arrange the picture so that the 
flare falls on a light area of the subject and 
becomes less noticeable. 

The position of flare on the viewing screen 
of a twin lens reflex is no guide to the position 
of the flare formed by the taking lens. With 


such cameras, and all cameras without focusing 
screens, it is necessary to open the back and 
examine the actual image formed by the taking 
lens on an improvised screen. 

Coating the lens greatly reduces the tendency 
to form flare. 

See also: Coated lens; Faults; Ghost; Halation; Irradia- 
tion. 


FLASH BULBS 


Flash bulbs are artificial light sources which 
generate light by the rapid combustion of 
certain metals in oxygen. The whole process 
takes place inside a glass bulb resembling an 
electric light bulb and yields a short but in- 
tense flash of light. The bulb is fired electri- 
cally, and can be used once only. Flash bulbs 
are therefore sometimes described as “expend- 
able flashes”. 

Construction. The flash bulb consists of a 
glass envelope shaped like an electric light bulb 
and terminating in a metal cap which carries 
two electrical contacts. 

Inside the bulb, the contacts are joined to a 
thin wire filament covered with a primer of 
explosive paste. The rest of the envelope is 
filled with a loose mass of fine aluminium wire 
or foil in an atmosphere of oxygen at a reduced 
pressure. 

When a battery is connected across the ter- 
minals, a current flows through the filament 
which becomes incandescent (burning out 
almost immediately), and ignites the explosive 
primer. This in turn ignites the aluminium foil 
or wire, which bums, generating a flash of 
intense light. 

Some types of flash bulb dispense with alu- 
minium altogether, and use instead an extra 
large quantity of primer paste (a substance 


like zirconium hydride) or zirconium wire to 
supply the main flash. 

The electrical current to fire the bulb is 
generally derived directly or indirectly from a 
dry battery. The minimum voltage required is 
3 volts, and the maximum with most bulbs is 
30 volts (as supplied by a battery-capacitor 
unit). 

Certain large bulbs are designed to be fired 
from 110 or 250 volt mains, but unless this is 
specially stated on the package, mains firing can 
be very dangerous. Where a bulb is designed 
for mains firing, it must be connected directly 
to the supply, and not wired through a syn- 
chronizer or synchronized shutter. 

If batteries are used for direct firing, they 
must be fresh and capable of yielding an 
instantaneous current of about 2 amps. This 
drops as the battery becomes partly exhausted 
and may therefore lead to unreliable firing 
or even failure to fire at all. A battery may 
be too far gone for flash work long before it 
is too exhausted to light an ordinary torch bulb. 
Special batteries are available for flash photo- 
graphy; these have an appreciably lower internal 
resistance and thus give a heavier firing current 
than standard torch batteries. 

To increase the firing current, especially when 
several flash bulbs are connected in series — 



FLASH BULB TYPES. Left: Large wire-filled bulb with E.S. cap. Centre left: Alinioture wire-filled capless bulb. Centre: Small 
paste-filled (SM type ) bulb with S.C.C. cap. Centre right: Small wire-filled bulb with S.C.C. cap. Right: Small foil-filled bulb with 
S.C.C. cap . Most of these bulbs (except the SM type) are available with a blue coating for colour work. 
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FLASH CURVES. Left: The data obtainable from a flash curve are: A peak intensity; B, half -peak intensity ; C half -peak duration; 
D, half -peak delay ; E, peak delay ; f. total duration. Right: The typical curves represent: G, class F paste bulb; H, class F small 
foil-filled bulb; l,smallclassM wire-filled bulb; J, medium class M bulb; K, large class S bulb; L. focal plane bulb. 


i.e., wired so that the current passes through 
one bulb after the other — several batteries are 
needed. These must also be connected in series 
— i.e., with the positive terminal of one battery 
connected to the negative terminal of the next. 

When several flash bulbs are connected in 
parallel — i.e., wired so that the current passes 
through all the bulbs at the same time — it is 
necessary to use several batteries also connected 
in parallel — i.e., with all positive terminals 
joined and all negative terminals joined. Each 
battery unit joined in parallel in this way 
should consist of a battery of at least 2, but 
preferably 3, 1 J volt cells, to ensure an adequate 
firing voltage. 

A battery capacitor unit which delivers 22-5 
or 30 volts is sufficient for up to four bulbs. 
With a capacitor the exhaustion of the battery 
is less important, since the latter does not fire 
the bulb directly, but stores up its power in the 
capacitor for instant discharge. A partly ex- 
hausted battery takes longer to charge the cap- 
acitor, but otherwise fires the flash just as 
reliably. 

Flash bulbs can also be fired without electri- 
cal connexions at all, simply by being 'placed 
very close to another bulb fired in the normal 
way. In this case the light energy of the first 
flash sets off the combustion in the second bulb. 

The reliability of this method of ignition 
depends on the type of bulb; usually it works 
best with foil-filled bulbs. The timing of the 
extra bulb is, however, not so certain and this 
method is therefore more suitable for open 
flash work than for synchronization. Any 
number of bulbs can be fired in this way so long 
as they are touching, or very close to each other. 
Characteristics. Flash bulbs differ mainly in: 
the amount of light they give, the time they 
take to light up, the duration of the flash 
and the colour of the light. Standard in- 
formation on each of these points is therefore 


given with each flash bulb. It may be given in 
the form of a graph showing the variation of 
light intensity with time, from the instant when 
the firing circuit is closed to the end of the flash. 

Peak brightness defines the maximum light 
flux in lumens when the flash is at its brightest, 
and corresponds to the highest point or peak of 
the graph. A small bulb may have peak illum- 
ination of 500,000 lumens, while large bulbs go 
up to 6 million lumens. 

The amount of light (as distinct from its 
intensity) that a bulb yields is measured in 
lumen-seconds. This depends both on the 
intensity and the duration of the flash and 
determines the exposure that the flash produces 
on the photographic material. Large bulbs have 
a high light output (over 100,000 lumen 
seconds), while small bulbs may provide as 
little as 5,000 lumen-seconds. The same total 
light output may be generated by either a very 
intense flash of comparatively short duration, 
or a less intense flash of longer duration. 

In terms of the flash graph, the total light 
output is the area below the curve. 

With most flash bulbs the light intensity rises 
up to a definite peak and then falls away again. 
Photographically, the useful part of the flash 
occurs while it is above half its maximum in- 
tensity. The half-peak duration extends from 
the instant when the curve first rises to half its 
peak level to the instant when it falls back to 
the same level again. 

The half -peak duration may be quite short — 
e.g., 5 milliseconds (1/200 second) — or as long 
as 50 milliseconds (1/20 second). 

The half -peak duration does not give any 
idea of the shape of the peak of the curve. 
Above the half -peak the flash may rise to its 
full brightness in a sharp point and immediately 
fall off again, or it may remain fairly level at a 
lower value. The latter type of flash is required 
for focal plane shutter synchronization. 
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The fact that the flash takes a little time to 
reach its full brilliance after firing must be 
allowed for in synchronization. The actual 
time the flash takes to develop is known as the 
firing delay or time lag; it can be measured 
either to the peak or to the first half -peak point, 
and stated as a peak delay or a half-peak delay. 
With bulbs yielding a very short flash, the peak 
is more easily timed, while the half-peak 
delay only is significant with long-flash bulbs. 

Most wire and foil-filled flash bulbs have a 
colour temperature of about 3800°K and there- 
fore need suitable compensating filters when 
used for colour photography. 

Some bulbs are available with a tinted protec- 
tive lacquer to raise or lower the colour temper- 
ature for. matching with the different types of 
colour film. Thus daylight flash bulbs carry a 
blue coating and have an effective colour tem- 
perature of 6000°K. This type is suitable for 
use with daylight type colour films and for 
mixing with daylight. Flashbulbs for use with 
artificial light (type A) colour films also used to 
be available with a yellow coating, yielding 
light of an effective 3400°K. 

The appearance of artificial light colour films 
balanced for clear flash illumination (3800- 
4000°K.) is, however, making specially tinted 
bulbs unnecessary for this purpose. Blue 
bulbs are still useful for fill-in flash in day- 
light. 

Paste-filled flash bulbs have a colour tem- 
perature of 3300°K and thus are a reasonable 
match for artificial light colour films. 

Flash bulbs are made with two kinds of cap: 
small centre contact bayonet (S.C.C. or 
A.S.C.C., 15 mm. diameter), and Edison screw 
(E.S., 27 mm. diameter). Generally the small 
bulbs are fitted with S.C.C. caps, while the 
larger ones have the screw cap. Bulbs with 
miniature Edison screw (torch bulb type) or 
standard bayonet caps are no longer made. 

Modern small bulbs often have no metal 
cap at all; the terminal wires emerge directly 
from the glass. They are used in suitably 
designed flash guns, or with appropriate 


adapters. There are two types of capless bulb : 
European and American. 

Classification. As most flash photography 
involves the use of synchronized flash, the firing 
characteristics affecting synchronization are 
important in selecting the right bulbs for a 
given job. Flash bulbs are accordingly grouped 
in several classes. 

Class F bulbs mainly comprise the paste- 
filled and a few zirconium types. They mostly 
have a peak delay of 7-9 milliseconds and are 
only suitable for synchronization with F- or 
X-synchronized shutters or simultaneous re- 
lease synchronizers. Most class F bulbs are 
small, with a light output of about 5000 lumen- 
seconds, a peak intensity of under 1,000,000 
lumens, and a half -peak duration of 7 milli- 
seconds or less. They have an S.C.C. cap. 

Class M (Medium) bulbs form the majority 
on the market. The peak delay is about 1 8-22 
milliseconds, and the half -peak delay around 
16 milliseconds. The bulbs are suitable for 
synchronization with X- or F-synchronized 
shutters at slow shutter speeds (up to 1/30 
second) or with M-synchronized shutters and 
delayed release synchronizers at all shutter 
speeds up to 1/500 second. The light output 
ranges from 5,000 to 75,000 lumen-seconds, and 
peak intensities from 500,000 to 5,000,000 
lumens. The half-peak duration varies from 
8-10 milliseconds for the small bulbs to 16 (and 
occasionally 20) milliseconds for the large. 
Some bulbs in this class may be extra-small in 
size. S.C.C. or E.S. caps may be fitted; most 
small bulbs are capless. 

Class S (Slow) bulbs have as their main 
feature high light output (around 100,000 
lumen-seconds; peak intensity around 5,000,000 
lumens) and long firing delay (30 milliseconds 
to peak). These bulbs are not really intended 
for synchronization. With most shutters the 
speed is limited to 1/10 or 1/25 second, but 
with fully synchronized shutters and adjustable 
delayed release synchronizers (which can allow 
for the greater firing delay) faster speeds are 
possible. At fast speeds however, a lot of the 


TYPES OF FLASH BULB 


Trt* 

Output 

Thousand 

Lumen- 

Seconds 

Peak 

Million 

Lumens 

Half-Peak 

Delay 

Milli- 

seconds 

Peak 

Delay 

Milli- 

seconds 

Half-Peak 

Duration 

Milli- 

seconds 

Filling 

Cap 

Clear bulbs (Cglour temperature 3300° K) 







Small Class F 

A S- 5 5 

0 0-0 9 

— 

7-9 

7 

Paste 

S.C.C. 

Clear bulbs ( Colour 

temperature 3000° K) 







Small Class F 

5-10 

15-1-0 

— 

10-12 

4-5 

Zirconium 

Capless 

Miniatureand Small Class M 5-5—10 

0 5-0 0 

12-14 

10-20 

0-10 

Wire 

Capless 

Medium Class M 

16-20 

1 *2—1 -4 

15-16 

20 

12-15 

Wire 

Capless or S.C.C. 

Medium Class M 

22-30 

1 -2-1-0 

13-15 

20 

12-16 

Wire 

E.S. 

Large Class M 

50-75 

2 0-5 0 

12-15 

20-24 

14-20 

Wire 

E.S. 

Class S 

95-110 

3-6-5 2 

19-25 

30 

17-22 

Wire 

E.S. 

Small Class FP 

15 

0 5-0 6 

15-17 

— 

25-30 

Wire 

S.C.C. 

Large Class FP 

45-00 

1 -0-1 -5 

17-10 

— 

45-55 

Wire 

E.S. 

Blue tinted bulbs ( colour temperature 6000° 

K) 






Small and Medium Class M 7-9 

0 5-0-7 

14-16 

10-20 

12-15 

Wire 

Capless or S.C.C. 

Large Class M 

27-30 

I 4-1*0 

12-15 

20-24 

14-20 

Wire 

E.S. 

Class S 

45-50 

10-2-5 

19-25 

30 

17-22 

Wire 

E.S. 

Small Class FP 

7 

0-25 

17 



25 

Wire 

S.C.C. 

Large Class FP 

22 

0-5 

10 

— 

45 

Wire 

E.S. 


471 





FLA 


light output of the bulb is wasted, and it is more 
practical to use a class M bulb of the same peak 
intensity but shorter duration. The half-peak 
duration of class S bulbs is about 20 milli- 
seconds. All these bulbs have E.S. caps, and 
they are the only type of flash bulb that can be 
fired from a 1 10 or 250 volt mains supply. 

Class FP (Focal Plane) bulbs are specially 
designed for synchronization with focal plane 
shutters at all speeds. They are distinguished 
by a long and fairly flat peak ; the light remains 
reasonably even during the time of travel of the 
focal plane shutter. The peak intensity (about 
500,000 to 2,000,000 lumens) is rather lower 
relative to the light output (15,000 to 80,000 
lumen-seconds) than with class M bulbs of 
similar size. The half -peak duration is 25-30 
milliseconds with the smaller bulbs for minia- 
ture cameras, and 45-50 milliseconds with the 
larger bulbs for focal plane shutters on press 
cameras. S.C.C. or E.S. caps are fitted. 


Safety Manures. Despite all precautions, a 
bulb may burst on firing with consequent risk 
of injury to the people around. So all bulbs are 
now covered with a layer of cellulose lacquer 
(clear on clear bulbs, tinted on colour bulbs) 
to reduce the risk of flying glass splinters. 

The most likely cause of bursting is the entry 
of air into the low-pressure atmosphere of 
oxygen. Some makes therefore carry an indi- 
cator spot inside the bulb. This spot changes 
colour if any leakage has taken place. 

An additional precaution in use is to have a 
safety screen of wire mesh or transparent 
plastic in front of the flash bulb when taking 
portraits and especially pictures of children. 
Such shields are particularly desirable when 
the flash is fired at close range. L.A.M. 

See also: Flash equipment; Flash synchronization; Flash 
technique; Light sources. 

Books: Photo-Flash in Practice, by G. Gilbert (London); 
Photographic Illumination, by R. H. Cricks (London). 


FLASH CAPSULE. Measured quantity of 
flash powder supplied in the form of a capsule 
which plugs into a flash gun. 

See also: Flash powder. 


FLASHED OPAL. Glass in the form of a clear 
sheet with a thin opal coating on one side. It is 
used as a diffuser in front of the lamps in 
contact printers and enlargers. 


FLASH (ELECTRONIC) 


Electronic flash, as used in photography, is 
produced by an instantaneous electric discharge 
between two electrodes in a gas-filled glass bulb 
(called a tube). 

In practice, the electrical energy for the dis- 
charge is stored in a condenser (otherwise 
known as a capacitor). 

The main components of an electronic flash 
unit are therefore: the power supply, the 
capacitor, the triggering circuit to initiate the 
discharge, and the flash tube itself, usually 
with a reflector. 

The power supply in portable equipment is 
often packed with the capacitor in one unit — 
the power pack. The triggering circuit and the 
flash tube make a second unit which may re- 
semble a flash gun in appearance. 

The Power Supply. The electric current used 
to charge the capacitor must be a direct current 
of the appropriate voltage for the tube (usually 
around 2000 volts, depending on the type, but 
often as low as 250 volts or less with low- 
voltage tubes). 

Direct current at a suitable voltage can rarely 
be produced directly; it is mostly derived from 
a comparatively low voltage source, and stepped 
up. The following systems are in use: 

(1) Accumulator with vibrator, transformer 
and rectifier circuit; or with transistor system. 

(2) A.C. mains with transformer and 
rectifier. 

(3) High-tension dry batteries. 


Accumulator Units. An accumulator (usually 
of the lead-acid or nickel-cadmium type) pro- 
vides an efficient power supply, and is reason- 
ably portable. Its main disadvantage is its 
weight, to which has to be added the weight 
of the transformer and other units required 
with it. 

An advantage is that accumulators can be 
recharged fairly easily. Some electronic flash 
units utilize very small light-weight accumula- 
tors and incorporate a charging circuit. The 
number of flashes obtainable from an accumu- 
lator charge is small in that case, but the unit 
is intended for frequent recharging by simply 
plugging it into the mains supply. 

The accumulator provides current at about 
2-6 volts, according to the number of cells 
used. To convert this into the necessary high 
voltage involves three operations : 

(1) A vibrator or make-and-break circuit 
(similar in principle to the circuit of an electric 
bell or buzzer) converts the continuous direct 
current into an intermittent one. 

(2) The low-voltage intermittent current is 
converted into a high-voltage alternating cur- 
rent in the following way. The intermittent 
current is fed into the primary winding of a 
transformer where the interruptions in its flow 
produce a fluctuating magnetic field. This 
induces an alternating current in the secondary 
winding of the transformer. The value of the 
induced voltage depends on the ratio of the 
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MAINS POWER PACK. The A.C. mains supply is rectified by a 
doubling circuit and charges the power capacitor. An auto- 
matic safety switch discharges the capacitor when the unit is 
opened. E, earth. L, live. N, neutral. T. trigger lead. 

number of turns in each winding. So the trans- 
former can be made to convert the low-voltage 
intermittent current into alternating current at 
any desired voltage. 

(3) A rectifier converts the high-voltage alter- 
nating current (which is useless for charging a 
capacitor) into a high-voltage direct current. 
The rectifier may be of the radio valve type or 
a metal rectifier. In either case it acts by letting 
the current pass in only one direction ; a simple 
rectifier thus yields an intermittent direct 
current. With a suitable circuit of two rectifiers 
a smooth current is obtainable. 

Modern electronic flash units replace the 
vibrator circuit with a transistor system, saving 
weight and bulk. 

Mains Supply. High-powered electronic flash 
units have a heavy current consumption and 
accumulator operation would be inconvenient. 
As these units do not have to be portable, they 
can be supplied directly from the mains. 

Generally the mains voltage is still too low 
and has to be stepped up. With A.C. mains this 
requires a transformer and a rectifier, while 
with D.C. mains a vibrator or transistor — as 
for an accumulator unit — is also necessary. 

Units employing low-voltage flash tubes can 
be charged directly from a D.C. mains supply, 
or through a rectifier from an A.C. supply. 
With alternating current, two rectifiers can be 
connected in a doubling circuit which doubles 
the voltage output, and can be made to yield 
500 volts from a 250 volt mains supply. 
High-tension Batteries. These charge the cap- 
acitor directly through a resistor, and need 
neither vibrator, transformer nor rectifier. The 
weight of the power pack is therefore much 
lower, especially when it consists of light-weight 
hearing aid batteries, but operation is more 
expensive as the batteries have to be replaced 
completely. High-tension operation is more 
suitable for low-voltage tubes (250-500 volts 


although it has been used up to 800 volts) since 
the bulk of the batteries required to produce 
higher voltages would be too great. 

The Capacitor. This stores electric power 
supplied by the transformer and rectifier or by 
the high-tension battery. 

In principle, a capacitor consists of two 
layers of metal foil each connected to a terminal 
of the power supply and separated by a thin 
layer of insulating material. 

The amount of electrical energy that a cap- 
acitor will store depends only on its capacity 
and not on the strength of the charging current. 
So a small current can be made to charge up a 
large capacitor with a considerable amount of 
electrical energy. The intense flash is the result 
of discharging in a fraction of a second all the 
electrical energy that has built up inside the 
capacitor over the whole of the charging period. 
This, of course is the basic principle. 

Capacitors are rated in microfarads accord- 
ing to their capacity, and in volts D.C. accord- 
ing to their maximum working voltage. Elec- 
tronic flash unit capacitors range from 30 to 
200 microfarads, at working voltages up to 
2500 volts. The plates of these capacitors are 
usually aluminium foil, separated by thin oiled- 
paper insulation. Such capacitors are known 
as paper-type capacitors. 

An alternative type of capacitor uses a liquid 
electrolyte (generally a solution of an alkali). 
Electrolytic capacitors are smaller and cheaper 
for the same capacity than the paper-oil type, 
but are not as durable. Moreover, an electroly- 
tic capacitor must always be connected into the 
circuit with its + pole wired to the + pole of the 
charging circuit; reversing the polarity of the 
capacitor ruins it. Paper insulated capacitors 
can be connected without regard to polarity. 

Electrolytic capacitors are suitable only for 
low-voltage flash tubes and are rated up to 500 
volts with capacities of up to 600 microfarads 
for electronic flash units. 



H.T. BATTERY POWER PACK. A high-tension battery charges 
the power capacitor directly through a resistor, controlled by a 
two-way charge-discharge switch. T, trigger lead. 
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ELECTRONIC FLASH UNIT. The components in this lay-out cf a 
battery power pack and flash head are: A, shutter plug; B, 
transformer; C. vibrator; D, accumulator; E, flash tube; 
F, high-tension recti fier tube; G, firing pulse coil; H, resistors; 
I, neon indicator; J, power capacitor. Some commercial units 
utilize certain components of this circuit ( notably the trans- 
former and rectifier) to enable the accumulator to be charged 
directly from the mains supply. The power pack itself usually 
weighs 10-15 lbs., due mainly to the accumulators. With a 
limit in charging circuits miniature accumulators can be used 
(capacity I -2 ampere-hours), thus saving considerable weight. 

Wiring of capacitors follows the same princi- 
ple as wiring of batteries. Connecting a number 
in series proportionately increases the voltage 
they can carry but only with the capacity of a 
single unit; connecting them in parallel in- 
creases their total effective capacity, but only 
for the voltage of a single unit. 

Charging Time. The capacitor takes some time 
to charge up — on commercial electronic flash 
units from 5 to 15 seconds. The charging time 
depends both on the size of the capacitor, and 
on the charging current. The latter is deter- 
mined by the resistance of the charging circuit. 

Small sets powered by high-tension batteries 
with small capacitors charge up quickly; large 
units with big capacitors and transformer cir- 
cuits take longer. 

Leak Resistors. In most electronic flash units 
the two sides of the capacitor are connected 
through a high resistance of 1 to 10 megohms. 
This arrangment is largely a safety measure to 


prevent accidental shocks as it gradually emp- 
ties the capacitor it left in a charged condition. 
The rate of leakage is not sufficient to affect 
the normal operation of the flash unit. 

The leakage current can also be used to indi- 
cate the state of the charge on the main capaci- 
tor, since it is proportional to the charge. For 
this purpose a micro-ammeter may be connected 
in series, or a small neon bulb joined in parallel. 
The latter lights up when the leakage current 
exceeds a certain value, and thus indicates when 
the capacitor is fully charged. Generally this 
neon bulb is housed in the flash head itself with 
the tube. 

The leak resistor may also act as a potentio- 
meter to provide the triggering current for the 
flash. 

The Flash Tube. This takes the form of a 
narrow glass tube containing an inert gas at 
low pressure and with two electrodes sealed into 
the ends. On applying a suitable high voltage 
to the electrodes, a luminous discharge takes 
place through the gas. 

The pressure of the gas determines the resist- 
ance of the tube and the voltage required for the 
discharge, while the nature of the gas deter- 
mines the colour of the light. Most electronic 
flash tubes contain krypton, xenon, and small 
quantities of other rare gases, balanced to yield 
a light approaching daylight in colour. 

The tube itself may have various shapes: 
straight, coiled, or U-shaped. The U-shape is 
the most common for smaller flash units, while 
the more powerful tubes are of the coiled type. 
The energy dissipated at the peak of the flash 
is very great, and the tubes are generally made 
of quartz or special glass to withstand the 
strain. 

Electronic flash tubes are also made in the 
form of a ring to encircle the lens to give 
shadowless illumination, particularly for dental 
and medical photographs. In such specialized 
fields it is often an advantage to eliminate 
shadows so that the tone and colour values of 
the subject can be studied independently. 

Flash Tube Fittings. There are no standardized 
flash tube fittings as there are standard lamp 
caps for flash bulbs, since each maker of flash 
units uses his own way of mounting the tube in 
the unit. Some tubes are available simply with 
soldering tags, while others use one or more of 
the various radio valve bases such as 3-pin, 
4-pin or international octal, A few tubes are 
even made with standard or small Edison screw 
fittings. 

Firing the Flash. The two main methods are: 
a triggering electrode and a magnetic relay. 

Most modem electronic flash units use the 
triggering electrode, since it is much safer and 
more convenient in practice. 

In this type of circuit the main capacitor is 
connected permanently across the flash tube 
terminals. The resistance of the gas in the tube 
is normally too high to permit a direct dis- 
charge. For firing the flash there is a third 
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electrode — usually a coil of wire wound round 
the outside of the tube. An instantaneous 
triggering voltage of 5,000 to 10,000 volts 
applied to this electrode ionizes the gas in the 
tube, thus lowering its resistance and allowing 
the capacitor to discharge its energy through 
the tube in the form of a flash of light. 

The triggering voltage is usually supplied by 
a small induction coil energized by a suitable 
voltage picked off a potentiometer across the 
main capacitors. The triggering switch may [be 
the synchronizing contacts inside the camera 
shutter or a synchronizer or a press button on 
the flash head, or any type of remote switching 
device. The whole process of triggering takes a 
few microseconds and is, from the point of 
view of synchronization, virtually instantane- 
ous. 

An alternative method uses a cold cathode 
valve to control the triggering current. The 
triggering voltage is permanently connected to 
the anode and cathode of the valve and the 
actual firing impulse is released by a low voltage 
applied to the grid of the valve. The advantage 
of this arrangement is that no high-tension 
current passes through the triggering switch at 
all, and that a very weak current can trigger the 
flash. This permits operation by impulses from 
a microphone or photocell, and is the basis of 
many automatic triggering methods for ultra 
high-speed work. 

Relay-fired flash tubes have no triggering 
electrode, and the capacitor is not normally 
connected to the tube. In this case the resistance 
of the tube is low enough for the discharge to 
occur the moment the circuit is closed. A mag- 
netic relay, powered by a separate low-voltage 
battery circuit and controlled by the camera 
shutter or a synchronizer, is used to close the 
main switch and connect the capacitor to the 
flash tube. This system involves a firing delay 
due to the mechanical movement of the relay 
and so does not synchronize as accurately as 
a triggered flash. 

Light Output. The light output depends on the 
energy of the discharge, and electronic flash 
units are generally rated according to their 
energy in joules or watt-seconds (the two are 
numerically equal). 

The discharge energy depends on the capacity 
of the capacitor, and the voltage, and can be 
calculated from the equation: 

J = i x C x (kV)* 

where J is the energy in joules, C the capacity in 
microfarads, and kV the voltage in kilovolts. 

Thus a discharge from a 66 microfarad capac- 
itor charged at 2500 volts (2-5 kilovolts) would 
give a flash of i x 66 x (2-5) a = 206 joules (or 
watt-seconds). Not all this energy is necessarily 
converted into light, as there are losses in line 
resistance, and leakage. 

Flash tubes are designed to withstand the 
energy of a particular intensity of discharge and 
are rated according to the discharge voltage 
and power loading they can carry. 


The light-output in lumen-seconds depends 
on the efficiency of the tube and of the dis harge 
circuit in lumens per watt. Generally a 200 
joule tube has an output of 7 to 10 lumen- 
seconds and gives a roughly equivalent expos- 
ure to a normal flash bulb of similar output. 
Flash Duration. With normal electronic flash 
units the duration of the flash varies between 
1/300 second and 1/5,000 second. With a 100 
joule unit operating at 2000 volts it is around 
1/3,000 second. This is much shorter than the 
shortest exposure time a normal camera shutter 
can give. Electronic flash is therefore specially 
suitable for high-speed action photography, and 
can arrest the fastest movement. 

Mathematically, the flash duration can be 
calculated from the equation: 
t = C x R 

where t = duration in microseconds 
C = capacity in microfarads 
R = tube resistance in ohms. 

The tube resistance is the apparent resistance 
during the discharge, and is about 5 to 6 ohms 
for a tube operating at 2000 volts. 

Thus a 200 joule tube operating at 2-5 kilo- 
volts (as described before) with a 66 microfarad 
capacitor would have a flash duration of 400 
microseconds, or 1/2,500 second. But the 
resistance of the wires connecting the capacitor 
to the tube must also be taken into account. 
Other Characteristics. In addition to light 
output and flash duration the following data 
are also of interest in photography. 

The firing delay of instantaneous firing dis- 
charges is of the order of 20 to 30 microseconds, 
or about one fiftieth that of the fastest firing 
(class F) flash bulb. This type of flash is defined 
as class X flash for purposes of synchronization. 
With relay-fired units the delay is similar to 
class F flash — 5 to 10 milliseconds. 

The peak intensity is proportional to the 
square of the voltage discharging through the 



FLASH HEAD. The charge from the power capacitor is applied 
across the tube. Closing the firing switch generates a pulse In 
the coil which triggers the discharge. 
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ELECTRONIC FLASH CURVE. A: The electronic flash Is very 
brief and intense, with virtually no firing delay. B: By com- 
parison even the fastest flash bulb is very slow in firing with a 
small peak intensity but considerably longer duration. 

tube. Its practical importance is not very great, 
since the total light output matters more. The 
peak intensities of normal flash tubes vary 
from 10,000,000 to 50,000,000 lumens. 

The colour temperature depends on the mix- 
ture of the gases in the tube. Strictly speaking, 
it is not really possible to specify a colour tem- 
perature with flash tubes since the spectrum is 
not a continuous one. For photographic pur- 
poses, however, most modem .flash tubes be- 
have like a light source with a colour tempera- 
ture of around 6000°K and are thus suitable for 
colour photography with daylight type colour 
films. 

Types of Flash Unit. Electronic flash units on 
the market are classified according to their 
portability as well as their power supply. 

Battery-portable units carry the power source 
(accumulator and ancillary gear, or high- 
tension battery) and the capacitor in a power- 
pack — usually a wooden or plastic case with a 
shoulder-strap. The flash tube and triggering 
circuit are built into a flash head similar to a 
normal flash gun which carries the reflector 
and can be fixed to the camera by the accessory 
shoe or tripod bush. These units weigh from 
~ l \ to 15 lbs., and have a power loading of 
35-200 joules. 

Mains-portable units are similar, but are 
designed for connexion to a mains supply, and 
are thus not self-contained. Some units provide 
f or alternative battery and mains operation. 

Studio electronic flash units nearly always 
derive their power entirely from the mains 
supply. They resemble a studio floodlamp unit 
in appearance, the power pack being built into 
the base of the lamp stand or into a separate 
case on wheels. Many of these units incorporate 
a filament lamp of 100 to 500 watts, to serve as 
guide light when setting up the lighting scheme. 
The power may be from 500 to 20,000 joules, 
1 ,000 joule units being the most common type. 


Safety Measures. The high voltage of the 
capacitor charge of most electronic flash units 
is capable of giving a fatal shock, and special 
precautions are necessary in handling this type 
of equipment. 

It is unwise at any time to open the case of an 
electronic flash unit while it is still connected to 
the mains, or until it has been left disconnected 
for some minutes. Even then, before doing any 
repairs or testing, the main terminals of the 
capacitor should be short-circuited with the 
blade of a well-insulated screwdriver. 

The unit should never be left where it is 
likely to get wet, or even damp, because the 
danger of shock from moist surfaces is greatly 
multiplied. And connecting plugs should never 
be pulled out, or the tube removed from its 
holder while the set is switched on. 

One built-in safety measure is the leak resistor 
connected across the main capacitor. This 
ensures that the charge drains away when the 
set is not in use. Generally an additional dis- 
charge circuit consisting of a resistance of about 
5000 ohms is provided and is automatically 
connected across the capacitor on switching the 
unit off. This immediately dissipates the charge. 

Similar discharge resistors are often fitted to 
the connecting plugs of the cable from the 
power pack to the flash holder. Pulling out the 
plug then automatically discharges the set, 
ruling out any possibility of shock from the 
exposed connexions. 

All exposed metal parts of a flash unit should 
be earthed. 

Apart from normal photographic flash units, 
various types of electronic flash have been 
designed for specialized applications. The most 
important of these are micro-flash, strobo- 
scopic, and X-ray flash units. 

Micro-flash. The duration of an electronic 
flash is already very brief but by special design 
it is possible to achieve even shorter flashes for 
ultra-high-speed photography in such fields as 
ballistics. 

As the flash duration depends largely on the 
capacity of the main capacitor, micro-flash 
units use very small capacitors of the order of 
1 to 2 microfarads. The voltage has to be cor- 
respondingly high (generally at least 7,500 
volts) to yield sufficient light. Even so, micro- 
flash units rarely exceed 35 to 50 joules, while 
the flash duration is of the order of one micro- 
second (1/1,000,000 second). 

Stroboscopic Flash. If the triggering circuit 
of a flash unit is permanently closed, the tube 
will discharge automatically every time the 
charge on the capacitor reaches a sufficiently 
high level. The unit will thus flash continuously 
at a rate depending on the characteristics of the 
charging circuit. Units of this type are used for 
stroboscopic examination of moving objects — 
e.g., machinery. 

The faster the capacitor charges up, the 
greater the rate of flashing. Stroboscopic units 
therefore have comparatively small capacitors 


476 



FLA 


TYPES OF FLASH TUBE 


Type 

Joules 

Recommended 

Voltage 

Recommended 

Capacitor 

(mfd.) 

Output 

Lumen- 

seconds 

Effective 

Duration 

seconds 

Small low voltage 

35-50 

200-250 

1,000 

2,000 

1/300 

Medium low voltage 

75-100 

450-500 

600 

4,000 

1/500 

Medium voltage 

100-200 

1,000-1,300 

200-400 

4,000-8,000 

1 /1 000- 1/3000 

Small high voltage 

100-300 

2,500 

30-100 

4,000-13,000 

1/3000-1/5000 

Studio 

400-1,000 

2,500 

150-300 

18,000-50,000 

1 /B00- 1/2000 

Large studio 

10,000-16,000 

3,000-4,000 

2,000-3,000 

500,000 and over 

1/300 

Mlcroflash 

35-50 

7,000-7,500 

1-2 

1,000 

1/1000000 


and a high-output power supply. As the power 
is generally derived from the mains, this type of 
flash requires a large transformer and a corres- 
pondingly heavy rectifier. 

The flash tube itself must also be specially 
designed for stroboscopic work, as a normal 
tube would not stand up to a series of discharges 
in rapid succession. The flashing rate may* be 
up to several hundred flashes a second. 

X-ray Flash. The principle of electronic 
flash can also be applied to X-ray tubes by 
passing an instantaneous discharge through 


the X-ray tube instead of a continuous current. 
Like a normal electronic flash unit, an X-ray 
flash unit requires a power supply, a capacitor, 
and a firing circuit for operation, though the 
detailed circuits are different. The voltages are 
up to 200 times as high, while the flash duration 
is of the order of 1 microsecond. L.A.M. 

See also: Flash equipment; Flash synchronization; Flash 
technique; High speed photography; Stroboscopic flash. 

Books: “ Flashl , Seeing the Unseen by Ultra-high-speed 
Photography, by H. E. Edgerton and J. R. Killian 
(Boston); Photo-Flash i n Practice, by G. Gilbert (London). 


FLASH EQUIPMENT 


In normal flash photography the bulbs are 
usually fired in a flash holder or flash gun which 
may be attached to the camera and connected 
with the shutter by a firing lead. 

Strictly speaking, a flash gun is a flash holder 
which incorporates a synchronizer. However, 
as most modem shutters are internally syn- 
chronized, such synchronizers are disappearing 
from use and the term “flash gun” is indis- 
criminately applied to all types of flash holder. 

The basic components of a flash holder are: 

( 1 ) A battery case to hold the batteries which 
fire the flash. 

(2) A lamp holder to take the bulb. 

(3) A reflector to concentrate the light. 

(4) A firing switch or outlet to an external 
switch to complete the flash circuit. 

Many flash holders also incorporate: 

(5) A test circuit to test the bulbs and the 
firing circuit. 

(6) A bracket or suitable arrangement for 
mounting the holder on the camera. 

(7) A firing lead and plug to connect to the 
camera shutter. 

Battery Case9. The conventional battery case 
for a flash holder is cylindrical in shape, re- 
sembling a large pocket torch. Other forms 
include square and flat shapes to suit different 
types of batteries. In some flash guns the 
battery case is built into the flash reflector. 

The battery case holds two or three 1 -5 volt 
dry cells, inserted end to end in series to yield 
a firing voltage of 3 or 4-5 volts (6 volts on some 
flash units). The battery case also carries the 
lamp holder, the manual firing switch if one is 
fitted, and any additional outlets for firing 
leads or extension units. 


Battery-Capacitor Units. Instead of ordinary 
batteries, many modem flash guns are powered 
by a battery-capacitor unit. This consists of a 
small high-tension battery of 22'5 or 30 volts 
and a capacitor. 

The battery may measure as little as 1 x 1 
x 2 ins., and is usually of the type used in 
various kinds of hearing aid. It charges a 
capacitor (mostly a 50-100 microfarad electro- 
lytic type) which on closing the firing circuit 
fires the flash bulb. 

The advantage of this system is that the 
charge of the capacitor is constant even when 
the battery is nearly exhausted, because a 
failing battery merely takes longer to charge the 
capacitor. So a capacitor always fires the bulbs 
reliably. There is no appreciable direct drain 
on the battery ; only enough electricity is used 
each time for the flash itself, and the current is 
sufficient to fire several bulbs at once. The 
battery thus lasts much longer and as a result, 
battery-capacitor flash guns are rapidly dis- 
placing ordinary battery flash guns. 

In practice, the charging circuit also incor- 
porates a resistor of several thousand ohms. 
This increases the charging time to several 
seconds instead of a fraction of a second, but 
prevents any sizeable discharge of the battery 
directly through the bulb. In most battery- 
capacitor circuits the bulb itself completes the 
charging circuit so that the capacitor does not 
charge up until the bulb is inserted. 

Since an electrolytic capacitor is used (a 
paper type of the same capacity would be much 
too bulky) the battery must always be inserted 
the same way round. Usually the battery case is 
marked with appropriate symbols to indicate 
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FLASH GUNS. Top: The orthodox flash gun contains all the 
electrical circuit inside a tube which carries the flash bulb 
socket and the reflector. A flash cable connects the gun to the 
shutter. The gun is usually joined to the camera by a bracket. 
Bottom left: Many modern guns are small enough to clip into 
the accessory shoe. The firing connexion is either a flash cable 
or a contact in the accessory shoe. Bottom right: Some flash 
guns have an arm with bayonet ring for mounting on the finder 
lens of certain twin-lens reflex cameras. 

the position of the + and — poles of the 
battery as a guide to the correct fitting of a 
new battery. 

The battery and capacitor assembly gener- 
ally take up no more room than two or three 
cells of a standard battery. It is therefore pos- 
sible to convert a plain battery model to 
capacitor operation by making a suitable 
insert to hold the battery and capacitor cir- 
cuit, and loading this into the battery case in 
place of the normal batteries. 

The details of construction will of course 
depend on the dimensions of the battery case. 
Lamp Holders. All modem flash guns have one 
of two types of lamp holder: 

(1) To take small centre contact bayonet cap 
bulbs with a cap diameter of 15 mm. (S.C.C., 
A.S.C.C., or B 15s). 

(2) To take Edison screw cap bulbs with a 
cap diameter of 27 mm. (E.S., or E27). 


Usually the S.C.C. lamp holders are fitted 
to smaller guns designed for small bulbs, and 
the E.S. lamp holders to large models. 

Most S.C.C. (and some E.S.) lampholders 
on flash guns incorporate an ejector to remove 
the hot fired bulb from the gun without touch- 
ing it by hand. The ejector mechanism consists 
of a spring-loaded contact and a catch which 
normally retains the bulb in the holder against 
the thrust of the spring. On pulling aside the 
catch, the spring-loaded centre contact ejects 
the bulb. 

Adapters are available f or fitting S.C.C. bulbs 
into E.S. lamp holders and vice versa. 
Reflectors. The flash bulb emits its light in all 
directions, and if used by itself only about 8 per 
cent of the light would reach the subject directly. 
The reflector collects some of the remaining 
92 per cent of wasted light and redirects it 
towards the subject. The reflector is thus of 
great importance in assessing the effective 
light of the flash reaching the subject. The 
simplest types of reflector may utilize about 
15 to 20 per cent, and the most efficient type 
about 60 to 70 per cent. With |lhe same flash 
bulb in two different reflectors the exposure may 
thus vary by the equivalent of over two stops. 
That is one reason why guide numbers for 
flash exposures as given by bulb manufacturers 
are necessarily vague and subject to con- 
siderable modification in practice. 

The efficiency of a reflector depends on its 
size relative to the flash bulb, as well as its 
shape and surface. 

The larger the reflector, the more light it 
collects. For the same effect, a large bulb 
needs a larger reflector than a small bulb. 
Flash guns for class F and other miniature 
bulbs may have reflectors as small as 5 inches 
in diameter, but 7 to 8 inches is more useful in 
practice. This is also the smallest size of reflec- 
tor that can be considered for use with large 
flash bulbs which may need up to 16 ins. for 
maximum efficiency. 

The simplest reflector is a plain white or 
silvered disc held behind the bulb. Most flash 
holders, however, have curved reflectors which 
provide a more concentrated and even flood of 
light. 

The most efficient reflector shape is the 
parabola which concentrates the light into a 
beam. This beam may be parallel, converging 
or diverging, according to whether the bulb is 
at the focus of the parabola, in front of the 
focal point, or behind it. Some reflectors of 
this type are adjustable to permit movement of 
the bulb to vary the angle covered. Many 
reflectors also provide for a vertical adjustment 
to centre bulbs of different sizes. 

The reflector surface may be polished or 
satin finished. A polished reflector is the more 
efficient, but this type can give rise to extra 
brilliant “hot spots” or to areas of uneven 
illumination if the reflector shape is not formed 
with sufficient precision. A satin-finished 
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reflector throws a little less light on to the 
subject, but diffuses it more evenly. This 
effect is still greater with matt white reflectors. 
Grained reflector surfaces are similar to the 
satin finish for diffusion, but are claimed to be 
more efficient. 

Screens. Many flash guns are fitted with trans- 
parent or translucent plastic screens. These clip 
over the reflector or are screwed on and made 
to swing out of the way to allow the bulb to 
be inserted. The screens serve two purposes. 

(1) The translucent type acts as a diffuser, 
softening the light from the flash and spreading 
it more evenly over the subject area. This 
involves a loss of light and therefore calls for 
more exposure. 

(2) Both translucent and transparent screens 
also act as safety shields to protect the subject 
against flying glass if a flash bulb should burst 
on firing. The reflector also protects the camera 
user. 

One type of protective screen fits over the 
bulb itself when it is in the flash holder. 

Means of Fixing. In practice it is often useful 
to have the camera and the flash gun firmly 
linked together to enable the two to be handled 
as one unit. 

One way of doing this is to mount both the 
camera and the flash gun on a suitable bracket. 
The bracket may be fixed permanently to the 
battery case and attached to the tripod bush 
of the camera by a screw. The shape and size 
of the bracket are designed to suit the flash gun 
and camera in use. 

Lightweight flash guns often carry a foot 
which fits into the accessory shoe of the camera 
for direct mounting. This method is not advis- 
able for heavy guns, as the weight may distort 
the accessory shoe or the body of the camera. 

Certain flash guns made for specific cameras 
are designed to fit into a suitable clip or screw 
on to the camera concerned. 

Synchronizers. Flash guns for use with non- 
synchronized camera shutters may incorporate 
a synchronizing mechanism. The most accurate 
types are mounted directly on the camera. There 
are two kinds: mechanical and magnetic. 

Mechanical synchronizers make the contact 
to close the flash circuit inside an attachment 
which screws into the cable release socket of 
the shutter. 

Magnetic synchronizers release the shutter 
by the action of a solenoid which operates the 
release lever of the shutter. The energizing 
current for the solenoid at the same time fires 
the flash. 

The closing of the firing circuit is timed to 
take place either when the shutter is fully open 
or a short time before, corresponding to the 
firing delay of the flash bulb. 

Firing Plugs and Lead. Most flash guns incor- 
porate a firing lead and plug to fit one or other 
of the various types of sockets on synchronized 
shutters. The lead may be permanently fixed to 
the flash gun, or it may carry a plug at the flash 


gun end to connect to an outlet on the battery 
case. Such an outlet is usually wired in parallel 
with the hand firing switch or button for open 
flash work. 

Firing leads may be coaxial or twin cables. 
With a coaxial cable the outer lead is the earth 
connexion. The plugs, both for the shutter and 
for the battery case, are generally designed to 
fit only one way to prevent the insulated 
terminal of the battery case from being con- 
nected to the earth terminal on the shutter and 
so firing the bulb as soon as it is inserted in the 
lamp holder. 

There are now several types of firing lead 
plug because at first each manufacturer used 
his own design of flash socket on the shutter. 
One or two have, however, become stan- 
dardized. They are: 

(1) Coaxial plug and socket of 3 mm. dia- 
meter. This is used on most Continental 
cameras, as well as on many British makes. The 
plug may be in line with or at right angles to 
the cable. Some cameras have a special catch 
which prevents the plug from being accidentally 
pulled out of the shutter. 

(2) Coaxial plug and socket of 3 -8 mm. 
diameter. 

(3) A.S.A. bayonet plug and socket. These 
are used for many American cameras. The 
socket on the shutter resembles a tiny bayonet 
lamp cap, while the plug corresponds to the 
bayonet socket. 

(4) A.S.A. twin pins and sockets (bipost). 
The shutter carries the pins, while a female plug 
makes the connexion. These also are used for 
some American cameras. 

(5) Non-standard types include various 
forms of two-pin and three-pin plugs, coaxial 
bayonet, and others which are gradually be- 
coming obsolete. 

With certain cameras the electrical connexion 
is fitted inside the clip which holds the flash gun 



CAPACITOR FLASH CIRCUIT. An anode battery charges the 
capacitor through a resistor and the flash bulb filament. On 
closing the shutter contact, the capacitor is short-circuited 
across the bulb and discharges, thus instantly firing It. 
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EXTENSION FLASH. One battery of a capacitor flash gun can 
power one or more extension units as well, each with iti own 
capacitor. The units are here connected in parallel. 

to the camera, or inside the accessory shoe to 
which the gun is attached. In both cases the 
flash gun must be specially designed for the 
camera concerned, and no external firing lead 
is required. 

Permissible Current. The various electrical 
connexions and contacts must withstand the 
maximum firing current likely to pass through 
them. 

The better makes of flash cable and con- 
tacts are tested to an instantaneous voltage 
of the order of 600 volts and can thus carry 
the primary trigger surge of electronic flash 
units. The maximum steady current loading for 
periods not exceeding 1/10 second, is usually 
around 10 amps at 24 volts. 

Test Lamps. Some of the more elaborate flash 
guns incorporate testing circuits with a built- 
in test lamp. This lamp enables the user to 
check the working of the synchro-contacts of 
the shutter, the connexions and firing lead, the 
battery, and the flash bulb itself. A separate 
test lamp (e.g., 6 volt motor-car bulb) inserted 
in the lamp holder in place of the flash bulb 


will also test all the above points except the 
flash bulb. 

Extension Units. For multiple flash work it may 
be necessary to synchronize several flash bulbs 
to one synchronizer or shutter. The ui’Jal way 
of doing this is to use extension units which are 
linked to the main unit and shutter by means of 
extension cables. Several systems are possible 
for doing this: 

(1) One battery or battery-capacitor unit 
fires several bulbs. The bulbs axe connected in 
parallel or series (according to the circuit) and 
the extension units are plugged into a suitable 
extension socket on the master unit. The 
current must be strong enough to fire all 
bulbs simultaneously. 

(2) One battery charges several capacitors 
each of which fires one bulb. The main unit is 
a normal capacitor flash gun, while the exten- 
sion units are similar but with an extra con- 
necting socket and no battery. The usual 
scheme is for the extension units to be con- 
nected directly to the shutter, and the main unit 
plugged into the extension unit. Alternatively 
the leads from each unit are plugged into a 
multi-way adapter which in tum plugs into the 
shutter. This is normally the most reliable 
system. 

(3) Several separate capacitor flash guns, 
each with its own battery unit, are connected 
in parallel to the shutter or synchronizer. This 
again connects via a multi-way adapter to the 
various guns. The units are thus independent 
of each other as far as power is concerned. 
There is, however, the risk that the capacitor of 
one unit may fire the bulb of another when the 
latter is connected. It is advisable therefore to 
have a rectifier in the circuit of each gun to 
prevent its current from going into another 
circuit (e.g., if the resistance of the circuit of 
one of the other guns in smaller). L.A.M. 

Sec also: Flash bulbs; Flash ( electronic ); Flash for Infra- 
red; Flash powder ; Flash synchronization; Stroboscopic 
flash. 

Books: All About Flash Photography , by F. W. Frerk 
(London); Photo-Flash In Practice , by G. Gilbert (London). 


FLASH FOR INFRA-RED. Infra-red flash has 
been used for a variety of special purposes, 
including press photography in the blackout 
and in situations where a bright flash would be 
disturbing, candid photography, detection of 
criminals in the dark, cinema audience-reaction 
studies, unobtrusive instrument recording in 
aircraft, dark adaptation and other studies of 
the eye, and photography of industrial opera- 
tions in the dark — e.g., sensitized material 
manufacture and processing. 

Equipment. Infra-red flash photographs can 
be taken with ordinary cameras and flash 
attachments, the special requirements being a 
filter in front of the flash bulb to confine the 
rays to the infra-red, and a film sensitive to 


infra-red rays. In some cases it may be neces- 
sary to make a slight adjustment of the focus in 
the form of a slight forward shift as though the 
subject were somewhat nearer than its actual 
distance. Many modern lenses have an infra- 
red datum line marked on the focusing mount. 

The light from ordinary flash bulbs and 
electronic flash tubes is rich in infra-red rays 
and both of these light sources are suitable for 
inf ra-red flash pictures. 

The filter fitted in front of the light source to 
confine the exposure to the infra-red is nor- 
mally of a very deep ruby red which allows 
only a small amount of visible light to pass. 
Most manufacturers of sensitized materials for 
infra-red photography supply special filters 
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or filter materials for use with their own infra- 
red plates and films. Normally the filter is so 
dense that the audience sees nothing of the 
flash, although anyone looking directly at the 
bulb will see a dim reddish glow at the instant 
of ignition. 

Flash bulbs have been available which are 
coated with a lacquer which acts as an infra- 
red filter and lacquers are on the market by 
which the photographer can lacquer his own 
clear bulbs. A formula for dipping flash bulbs 
was published during the war as a temporary 
expedient. 

Plastic sheet bags have also been made for 
slipping over the flash reflector or bulb, and 
having the characteristics of infra-red filters. 
It is a simple matter to fix a sheet of infra-red 
filter gelatin over the reflector, but it should 
be protected by sandwiching it between stout 
sheets of transparent plastic. 

In arrangements where the flash is entirely 
independent of the camera, frames carrying the 
fi Iters can be placed over the lights, or darkroom 
'amphouses can be used if an infra-red filter 
s inserted in place of the normal safelight 
>lass and a sheet of tin or aluminium foil 
;urved around the back of the bulb inside to 
ncrease the reflectance. Booths or other 
devices with infra-red filters covering them may 
also be constructed to house the lamps. In 
such cases the filters should be between sheets 
of glass since the heat of the flash might tend 
to destroy the brittle gelatin filters. 

Technique. In infra-red flash photography, the 
subject should be unaware of being photo- 
graphed, but it is practically impossible to make 
flash pictures in such a way that the subject 
could not in any circumstances see a flash. If 
there is enough illumination to give a rea- 
sonable exposure, anyone looking directly at 
the reflector when the flash is fired, will see a 
deep red flash. So the attention of the subject 
must always be drawn away from the light 
source, as in a theatre or cinema, where every- 
one is looking at the stage or screen, or the 
lighting must be indirect — e.g., “bounced” 
from the ceiling or a wall — or the exposure 
must be made through an existing and per- 
manent red light, such as part of the illumina- 
tion, or an exit sign. In direct infra-red flash 
photography, it is best to use a reflector which 
gives well-diffused rather than concentrated 
illumination. 

The actual exposure depends on the nature 
and shape of the reflector and it is not possible 
to give precise data. But with the infra-red 
material and flash bulbs available through the 
normal sources of supply there is no difficulty 
in achieving a flash factor of 50 or even 100 
for an exposure time of 1/50 second. The flash 
factor is the product of the /-number and the 
lamp-to-subject distance in feet. Detailed 
tables are given by the manufacturers. 

Certain special films are available in 35 mm. 
form (but not in cassettes) with greatly en- 


hanced infra-red sensitivity which are particu- 
larly suited for infra-red flash photography. 
The guide number is as high as 200 with suit- 
able flash bulbs, indicating a four times increase 
in infra-red speed. 

In the case of the portable electronic flash 
used by press photographers, and for instru- 
ment recording, and an infra-red filter, the 
guide number for the earlier type of infra-red 
film is of the same order as for colour film using 
the visible portion of the same source. 

Satisfactory audience-reaction photographs 
have been made in an auditorium 35 x 65 feet 
by placing five 1 ,000 ioule electronic flash units 
in a booth at the siae, pointing the reflectors 
to the ceiling, and covering them with sheets of 
infra-red filter between glass. Using indirect 
illumination of the audience and the earlier 
type of infra-red film, good exposures of about 
one hundred people in the middle of the room 
were obtained at /3-5, the effective exposure 
time being 1 /10,000 second. 

For photographing a long row of operators 
spooling very fast aerial film in total darkness, 
twelve large flash bulbs were used, one sus- 
pended over each operator and machine, and 
two extra for supplementary illumination. All 
the flashes were fired together. Using the 
earlier infra-red film, a good picture was 
made at / 16 with open flash. W.C. 

See also: Infra-red photography. 

FLASH GUN. Camera accessory consisting 
of a battery case, lamp socket, and reflector, 
for firing flash bulbs. It may incorporate a 
synchronizing mechanism, or may be designed 
to be fired by the flash contacts built into most 
camera shutters. 

See also: Flash equipment. 

FLASHING. It is sometimes desirable to 
blacken parts of the print by exposing them to 
the direct action of white light. This procedure 
is known as flashing. 

For example, certain types of photograph 
look better when surrounded by a black border. 
This is produced by flashing a narrow edging 
all around the exposed print. The centre of the 
print is shielded with a rectangle of black card, 
the negative is removed from the enlarger, and 
the light is switched on for a second or so in 
order to fog the border. The black card must be 
in good contact with the paper. 

Selected areas of the exposed print may also 
be darkened by going over them with a small 
spot of light projected from a suitable pocket 
torch. The light should be just strong enough 
to produce blackening in about 5-10 second^. 
Throughout the flashing process, the enlarger 
light is left switched on, with the orange filter 
in front of the lens, so that the image can be 
seen on the paper to guide the operation. 

The term is also applied to the practice of 
exposing sensitized material for a very short 
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time to white light to increase the effective 
speed of the emulsion. 

It also refers to the extra exposure to white 
light used for creating the Sabattier effect. 

See also: Intensification; Shading: and spot printing ; 
Vignetting. 

FLASH POWDER. Until the introduction of 
the flash bulb the only self-contained light 
source for indoor night photography was 
afforded by burning magnesium, either in the 
form of ribbon, foil, or more generally, 
powder. The first two are almost obsolete, as 
is the older form of magnesium powder. This 
was the form used in a special flash lamp burn- 
ing methylated spirit. It was placed upon a 
tray, and when the exposure was made, it was 
blown into the flame by air pressure from a 
bulb. The flash produced was brilliant and rapid. 

In its later form the magnesium powder is 
mixed with chemicals which make it easier to 
burn. Powder of this type is used in a flash tray 
in which it is ignited by a spark generated by a 
wheel and flint. It can also be ignited by touch 
paper and an ordinary match, by plunging 
a lighted taper fixed to a stick into the heap of 
powder, or by an electrically-heated element. 

Commercial flash powders are supplied in 
double containers. One holds the magnesium 
powder, the other the igniting compound. In 
the interests of safety these two powders must 
be kept apart in their containers until required 
for use. After they are mixed, care must be 
taken not to allow the powder to become damp 
or it may form lumps. These must be removed 
before using or there will be a risk of their 
jumping from the tray and causing damage or 
injury. 

Flash powder has largely been superseded by 
the modem flash bulb, and the electronic flash 
unit, but there are occasions when its use offers 
advantages — e.g., when the illumination is 
needed for a much larger area than that covered 
by the largest flash bulb. Greater illumination 
can be provided by a big quantity of powder 
spread in a trail instead of a heap. Used for 
this purpose, it is rather cheaper than the large- 
size flash bulbs. 

Flash powder must be carefully handled or it 
may produce severe burns and cause damage, 
and even start a fire. In some cases its use is 
prohibited. Finally, it is not suitable in con- 
nexion with the flash synchronized shutters, 
except in the form of a flash capsule which can 
be fired in a flash gun. 

One of the criticisms of flash is that the results 
are often hard in contrast. A diffusing screen 
between the flash and the subject will help to 
avoid this, and it will soften the shadows cast on 
the background. As a diffuser there is nothing 
better than a sheet of fine muslin stretched over 
a light frame, or a child’s hoop. It should be at 
least four feet from the flash, and should be fire- 
proofed by being soaked in a strong solution 
of alum and dried without rinsing. 


The results often tend to be rather hard in 
contrast, even if adiffuser is used, and it is agodtl 
plan to reduce the time of development by up to 
twenty-five per cent, or to use a soft working 
developer. 

Safety Precautions. Flash powder must be 
treated like an explosive. Never pour the 
powder directly from the container to the tray 
of the flash lamp. First place upon a sheet of 
paper, thence on the tray, and replace the lid or 
cork in the container immediately. 

Should the powder fail to fire on the tray, 
pour it back on to the paper before investiga- 
ting the cause. If the touch paper seems to have 
failed, do not approach or disturb it until it 
really has gone out. Keep the tray well away 
from curtains and furniture, and remove or 
cover anything valuable. 

Ignition. The flash lamp is necessary to fire 
flash at a precise instant; otherwise a large 
tray of metal will do on which the required 
quantity of powder can be spread. The expo- 
sure is made by placing the touch paper 
supplied in the powder and touching it with a 
lighted match. As an alternative, a piece of 
nitrate film can be used. Some photographers 
plunge a taper on a stick into the heap of 
powder. 

When a large quantity of the powder is to be 
fired, it may be divided into a number of 
smaller flashes at different points. This is 
rather slow, but with interiors speed is not 
important. 

Reflections from objects with highly polished 
surfaces — e.g., glazed pictures, varnished oil 
paintings, mirrors, glass objects and metal sur- 
faces — can all cause trouble. One way of fore- 
seeing the possibility is to move a powerful 
torch about at the point the flash is to occupy, 
and watch for reflections. The flash should be 
kept well behind the camera and the lens fitted 
with a deep hood. 

Quantity. The quantity of powder necessary 
depends upon the distance from the subject, 
the tone of the walls, whether light or dark, the 
make of powder, and the speed of the film. As 
a rough guide to form the basis for further 
trials, using a fast panchromatic film, with the 
subject at 12 feet, and medium-light walls, 20 
to 30 grains of the powder will be sufficient. 
Flash Capsule. Flash powder is now supplied 
in a convenient capsule form which enables it 
to be used as easily as a flash bulb. The capsule 
contains a measured quantity of smokeless 
flash powder formed around a wire filament 
connected to a pair of contacts which can be 
plugged into a cap for inserting in a flash 
holder in the same way as a bulb. When the 
firing battery is switched on, the wire heats up 
and fires the powder. 

Capsules of this type give a short-duration 
flash which can be used with a synchronized 
shutter. They are available with charges of 
powder of three different sizes, calculated for 
use at subject distances of 3, 5 and 8 metres 
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(10, 16 and 26 feet) with an orthochromatic 
film of medium speed and a stop of / 8. 

Flash capsules are cheaper than bulbs of 
similar light output; although they may not be 
as constant in their characteristics, they are near 
enough for most practical purposes. When 
ignited by a 9 volt battery, a typical capsule has 
a time-lag to the half peak of the flash of fifteen 
milliseconds, and to the peak, of twenty-three 
milliseconds. An accurately synchronized 1/25 
second will catch all the useful light and at 
1/10 second synchronization is certain. 

The great disadvantage of capsules is that 
they bum with a naked sheet of flame up to one 
foot in length, and no precautions can com- 
pletely eliminate the risk of accidental bums to 
the operator or damage to property. 


Magnesium Ribbon. Magnesium ribbon can 
be useful as a supplementary form of illumin- 
ation, — e.g., lightening shadows indoors. The 
ribbon is limited in its use to time exposures of 
several seconds — 4 to 8 inches will be effective 
up to 8 feet. It must be kept moving during 
the exposure so that it softens the edges of the 
shadows. 

The ribbon will light more readily if it is 
drawn over a piece of emery cloth to remove the 
surface oxidation and a spirit flame is better 
than a match for lighting it. 

Care must be taken not to allow the light 
from the burning ribbon to shine on the lens 
and to see that the hot ash does not fall on 
anything likely to suffer damage. R.M.F. 

Sec also: Flash technique ; Light sources. 


FLASH SYNCHRONIZATION 


There are two basic methods of taking a 
photograph by flashlight: by firing the flash 
while the shutter is open, and by opening the 
shutter while the flash is alight. 

Open Flash. The first method is the one prac- 
tised with flash powder illumination; it is also 
used with flash bulbs, when it is called open 
flash exposure. With this method all the light 
of the flash is used in making the exposure, but, 
as the shutter has to remain open for a period 
that will include the whole time of ignition, 
it is not normally suitable for fast exposures. A 
charge of flash powder, for example, might take 
several seconds to bum, and the shutter would 
have to remain open for the whole of that time. 
A flash of this type can be used only with still 
subjects. 

Flash bulbs have a much briefer period of 
i gnition, so the shutter only needs to be open for 
a shorter time. 

The open flash technique can still be adopted 
— i.e., the shutter is opened as for a brief time 
exposure, the flash is fired by hand, and the 
shutter is closed. It is possible in this way to 
leave the shutter open for as little as half a 
second. Even so, the method is only suitable 
for still subjects. 

Synchronized Flash. The second and the modem 
way of taking flash photographs is to syn- 
chronize the firing of the flash with the shutter 
movement in such a way that the maximum 
brilliance of the flash coincides with the instant 
when the shutter of the camera is fully open 
at an instantaneous shutter speed. This syn- 
chronization of the flash with the shutter must 
allow both for the time the shutter takes to 
open and for the time the flash takes to reach 
its full brightness or peak. It can be achieved in 
several ways: 

(1) By means of a flash firing contact built 
into the shutter. 

(2) By means of a mechanical synchronizer 
coupled to the shutter. 


(3) 2y means of an electro-magnetic shutter 
release connected to the flash circuit (magnetic 
synchronizer). 

Synchronized Diaphragm Shutters. In a syn- 
chronized diaphragm shutter — i.e., all between- 
lens shutters and most behind-the-lens shutters 
other than focal plane types — a flash contact 
connected to a moving part of the mechanism 
closes the firing circuit of the flash at the right 
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SYNCHRONIZATION. Top: A class M bulb ( dotted curve) can 
be synchronized with an X type shutter at 1/25 second to 
catch all the light. At 1/100 second the shutter closes too early, 
but with M synchronization any speed captures the peak of the 
flash. Bottom: With electronic flash ( dotted curve) only X- 
synchronization is possible; when set to M the shutter only 
begins to open after the flash is finished. 
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moment. This may be either when the shutter 
blades are fully or nearly fully open, or some 
time (usually about 1/60 second) before they 
begin to open. In the latter case a delayed action 
release mechanism may be incorporated to 
delay the shutter opening for a time corres- 
ponding to the firing delay of the bulb. There 
are thus several kinds of synchronization: 

(1) X-synchronization fires the flash at the 
instant the shutter blades are fully open. The 
flash contact is generally a simple make-and- 
break contact connected to the ring or lever 
actuating the blades. X-synchronization is 
suitable for electronic flash which has no firing 
delay, i.e., where the flash reaches its peak 
almost the instant the firing circuit closes. Any 
shutter speed up to the fastest (1/300 or 1/500 
second) can be used. 

Class F, M, and S flash bulbs can also be 
synchronized with an X-synchronized shutter, 
provided the shutter speed is slow enough to 
cover the firing delay of these flash bulbs, as 
well as an appreciable part of the half-peak 
duration. That is usually a shutter speed of 
1 /25 to 1 /30 second. 

(2) F-synchronization closes the firing circuit 
when the shutter blades are half open, i.e., about 
seven to eight milliseconds (1/125 to 1/150 
second) before they are fully open. The flash 
contact is of the same type as that of X- 
synchronized shutters. F-synchronization is 
specially suitable for Class F flash bulbs as the 
peak brilliance of the bulb coincides with the 
full opening of the shutter. Class M and S 
bulbs can still only be synchronized at slow 
shutter speeds. F-synchronization can also be 
used with the obsolete relay-fired electronic 
flash units which have a firing delay of about 
eight milliseconds due to the operation of the 
relay switch. Normal (Class X) electronic flash 
cannot usually be synchronized. 

This type of synchronization is built into 
some of the cheaper shutters, as found on box 
cameras, where the shutter takes fairly long to 
open (irrespective of the time it stays open). 
On precision shutters which open much more 
rapidly, a delay mechanism would be required. 

Both X and F-synchronization are based on 
the fact that the exposure time is longer than 
the flash duration. The shutter speed therefore 
plays no part in exposure determination unless 
the flash is mixed with other light such as 
daylight. 

(3) M-synchronization closes the firing cir- 
cuit about sixteen to eighteen milliseconds 
(roughly 1 /60 second) before the shutter is fully 
open — well before the blades start to move. The 
flash contact is closed by the release mechan- 
ism, but an escapement (generally shared with 
the mechanism of the self-timer) delays the 
opening of the blades for the required time. 

This synchronization is suitable for class M 
flash bulbs (which have a half-peak delay of 
1 6 milliseconds) used at all shutter speeds up to 
the fastest (1/300 to 1/500 second). Class S 


bulbs still need slow shutter speeds, while M- 
synchronization is not suitable at all for Class 
F bulbs or electronic flash. 

With M-synchronization the exposure time 
is shorter than the flash duration, which is 
why the shutter opening must be timed so that 
the blades open and close while the flash is at 
its peak. The faster the shutter speed, the less 
of the light is utilized, and exposure deter- 
mination (e.g., by guide numbers) must there- 
fore take the speed into account. 

M-synchronized shutters usually also in- 
corporate X and sometimes F-synchronization. 
They are often referred to as speed-synchro- 
nized or (incorrectly) as fully synchronized. 

(4) XM-synchronized shutters have two flash 
contacts built in, one for X and one for M- 
synchronization. A synchronizing lever selects 
the type of synchronization required. Many 
precision shutters are of this kind and are thus 
equipped to tackle a wide variety of flash 
subjects. 

(5) MF and XMF-synchronized shutters in- 
corporate the different types of synchroniza- 
tion indicated by the respective letters. They 
are similar to XM-synchronized shutters, but 
comparatively rare nowadays as the importance 
of F-synchronization has lessened with the 
disappearance of relay-fired electronic flash 
units. 

(6) Full synchronization denotes that the 
delay of the synchronizing mechanism is con- 
tinuously adjustable instead of being limited 
to two (or three) fixed settings. The term is also 
used incorrectly for XM-synchronized shutters. 

The adjustment of fully synchronized 
shutters may range from 0 to 25 or even 30 
milliseconds, thus covering even Class S flash 
bulbs. In practice full synchronization is no 
longer as valuable as it used to be. since the 
majority of flash bulbs have standardized firing 
delays according to their class. The continuous 
adjustment dates from the time when almost 
every bulb had a different delay, and may still 
be useful at times when dealing with non- 
standard flashes, e.g., certain foil-filled bulbs 
which do not fall into any class. 

The disadvantage of the fully synchronized 
shutter is that variable settings can go out of 
adjustment more easily than fixed ones, and it 
is more difficult to set the delay accurately. 
Synchronized Focal Plane Shutters. In a focal 
plane shutter the synchronizing contact may be 
closed by a cam on the blind roller. 

The problem of focal plane shutter syn- 
chronization is somewhat different from that of 
diaphragm shutter synchronization because the 
shutter exposes the negative in successive strips 
instead of all at once. For synchronization at 
high shutter speeds the peak of the flash must 
coincide with the moment when the blind 
begins to uncover the film, and last long enough 
to cover the full time it takes the blind to 
travel across the focal plane. This time is 
usually 20-50 milliseconds irrespective of the 
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SHUTTER SPEEDS AND SYNCHRONIZATION 


Flash Settings on Focal Plane 

Class Diaphragm Shutters Shutters 

X F M Simult. Delayed 

Release Release 


X 

1/500* 





l/50t 

— 

F 

1/100 

1/500* 

— 

1/25J 

— 

M 

(small) 

M 

1/25 

1/25 

1/500* 

l/25t 


1/25 

1/25 

1/500* 

I/25J 

l/50t 

(lar f e) 

S 

1/10 

1/25 

1/50 

1/10 

1/100 

FP 

1/25 

1/25 

1/500* 

I/25J 

1/1000* 


The speeds ere che top speeds that can be synchronized 
with thegivensettingsandflash bulbs. 

•or fastest speed of shutter. 

T 1/2.5 second on larger cameras. 

1 1/10 second on larger cameras. 

shutter speed set. The focal plane shutters of 
miniature cameras take the shorter time quoted ; 
shutters of larger cameras — e.g., press cameras 
— take longer. 

For that reason special long-flash bulbs 
(Class FP) are used for focal plane shutter 
synchronization. Bulbs of this type have a 
half -peak duration of 20 milliseconds or more, 
and the peak itself is comparatively flat, 
yielding an even level of light throughout the 
flash. 

Class M and S bulbs, even with their long 
half-peak duration, are less suitable for this 
purpose as the flash changes appreciably in 
intensity above the half peak, and the negative 
is not exposed evenly. Generally one or both 
ends, corresponding to the beginning and end 
of the travel of the blind, are under-exposed 
as compared with the centre. 

All types of flash other than FP bulbs are 
therefore best synchronized with a shutter 
speed at which the blinds are momentarily 
open to the full size of the negative. This is 
generally 1 /50 second with miniature cameras, 
and 1 / 20 or 1 /25 second with larger types. 
At higher speeds than this, the blinds close up 
to form a slit which travels across the negative 
and exposes it piecemeal. 

Some focal plane shutters incorporate two 
contacts wired in series, both of which must be 
closed before the flash can be fired. One con- 
tact is the normal synchronizing contact, while 
the other is connected to the release button. 
This prevents the firing circuit from firing any 
bulbs in the flash gun while the shutter is being 
tensioned. This release contact is additional to 
any further synchronizing contacts that may be 
built in, and works in series with any of them. 

As with diaphragm shutters, there are several 
kinds of synchronization for focal plane 
shutters. 

(1) Simultaneous release fires the flash when 
the first blind has reached the end of its travel. 
It corresponds to X-synchronization on dia- 
phragm shutters. Provided the set speed is 
1/50 second (1/25 second with larger cameras) 
or slower, the negative is fully uncovered at 
this instant. This kind of synchronization is 


thus suitable for electronic flash at these speeds, 
or for most types of flash bulbs (all classes) at 
the next slower speed (1/25 or 1/10 second). 
The slower speed is required with bulbs to 
allow for the firing delay. 

(2) Delayed release closes the firing circuit 
about sixteen to twenty milliseconds before the 
first blind begins to uncover the film. This 
corresponds to M-synchronization with be- 
tween-lens shutters, but is suitable only for 
class FP bulbs with which any shutter speed 
can be used. Class M bulbs, even at slow 
speeds, cannot be synchronized satisfactorily 
since the flash is over before the first blind has 
finished travelling. Some class S bulbs can 
be synchronized under these conditions, but 
again the exposure may be uneven over the 
negative, especially with larger cameras. 

On certain cameras the delayed release closes 
the firing circuit 1 8 milliseconds before the first 
blind has reached the end of its travel. This 
limits the use of FP bulbs to slow shutter 
speeds, but permits synchronization of class M 
bulbs at intermediate speeds (up to about 1 /100 
second on miniature cameras). 

Class F bulbs and electronic flash (class X) 
cannot be synchronized with a delayed release 
contact. 

(3) Multiple synchronized focal plane shut- 
ters incorporate both simultaneous and delayed 
release contacts, analogous to an XM-syn- 



FOCAL PLANE SYNCHRONIZATION. Top: An ordinary flash 
bulb must be fired just before the shutter is open so that the 
full opening coincides with the peak. Bottom: An electronic 
flash is fired only when the shutter is fully open. In both cases 
a slow shutter speed must be used which simultaneously 
uncovers the whole frame ; long peak bulbs permit fast speeds 
as the flash lasts while the shutter runs down. 
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chronized diaphragm shutter. Generally, how- 
ever, no synchronizing lever is provided, and 
the two contacts are wired to separate outlet 
sockets. On one camera the shutter speed dial 
is coupled with the synchronization so that it 
brings in the simultaneous contact at speeds of 
1/50 second and slower, and the delayed re- 
lease contact at faster speeds. 

(4) Fully synchronized focal plane shutters 
have a dial or similar device for setting the 
firing delay. The figures on the dial do not 
necessarily denote delay times; in one case a 
special table is supplied which lists the shutter 
speeds and corresponding dial settings re- 
quired for different types of delay. 

Wiring of the Shutter. The flash contacts inside 
the shutter are wired through to a suitable flash 
socket on the shutter housing or on the camera 
body. In most cases one side of the circuit is 
earthed to the metal parts of the shutter, while 
the other is insulated from it. It is therefore 
important to preserve the correct polarity when 
connecting the flash plug to the shutter. This 
is generally achieved by the use of the now 
standard co-axial flash socket; the outer con- 
tact is earthed, and the inner contact is insu- 
lated. 

With a symmetrical two-pin socket both 
contacts must be insulated. Alternatively, the 
two pins may be different in size or arranged so 
that the plug can only be inserted one way 
round, preventing a short circuit which would 
prematurely fire the flash. Unsymmetrical 
three-pin sockets serve the same purpose, the 
third pin acting as a locating device. 
Mechanical Synchronizers. Older shutters with- 
out flash contacts can be synchronized by 
means of an external synchronizer. The 
simplest form is the mechanical synchronizer 
which makes the contact inside an attachment 
which screws into the cable release socket or is 
linked with the release button of the camera. 

The firing circuit is closed during the move- 
ment of the plunger or button of the attachment 
as it releases the shutter. A simple adjustment 
moves the point of contact to adapt the syn- 
chronizer to different shutters. 

The attachment itself may screw either 
directly into the cable release socket, or it may 



MECHANICAL SYNCHRONIZER. A contact inside the planter 
unit closes the firing circuit as the shutter opens . 
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MAGNETIC SYNCHRONIZER. The firing current for the flash 
actuates the armature of the magnet and thus trips the shutter. 
A set screw adjusts the timing and controls synchronization. 

fit at the end of a special cable release. The 
former is the more reliable type; with a cable 
release the timing is apt to vary as the cable is 
bent. The synchronization may therefore be 
different when the camera is held upright from 
when it is held horizontally, or when it is 
pointed up or down. 

As the contact on the one hand and the 
release of the shutter on the other are separately 
linked to the movement of a plunger, the 
speed with which the plunger is depressed may 
also influence synchronization. Many mechani- 
cal synchronizers therefore incorporate a 
spring (and possibly a flywheel) to minimize 
this source of error. Pressing the plunger trips 
the spring, and the latter then closes the contact 
and at the same time releases the shutter. The 
drawback of this system is that the release 
mechanism of the shutter is subjected to a 
fairly powerful blow from the spring-loaded 
movement. This tends to ruin the shutter after 
some time. 

Most mechanical synchronizers are of the 
simultaneous release type, corresponding to 
X or F-synchronization. The firing circuit 
closes when the shutter is fully open, or a few 
milliseconds before. The applications are the 
same as with X or F-synchronized diaphragm 
shutters — i.e., exposures with flash bulbs at 
speeds up to 1/25 second, and in some cases 
electronic flash at all speeds. 

On some mechanical synchronizers the 
timing adjustment is great enough to permit 
delayed release synchronization. With the 
delay set to 16— 18 milliseconds (this adjust- 
ment usually has to be established by trial and 
error), the synchronizer should work like an 
M-synchronized shutter. In practice, however, 
the timing is rarely reliable. 

Magnetic Synchronizers. These release the 
shutter by the action of a solenoid which 
operates the release lever. The energizing 
current for the solenoid also fires the flash. 

The solenoid is a coil of insulated wire sur- 
rounding a soft iron core. When a current 
passes through the wire, the coil becomes a 
powerful magnet which can be made to attract 
a suitable iron armature connected to the 
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shutter release. Passing a current through the 
solenoid therefore operates the release and 
trips the shutter. 

The solenoid itself simply operates an elec- 
trically controlled remote shutter release. To 
tum it into a magnetic synchronizer, a flash 
circuit is wired in parallel with it, and powered 
from the same battery. Closing the circuit 
therefore fires the flash as well as releasing the 
shutter. 

Magnetic synchronizers are always delayed 
release synchronizers, since the firing circuit 
must close before the shutter can be released. 
The delay depends on the distance the armature 
has to travel before it trips the shutter, and is 
usually adjustable. Originally, the adjustment 
was made wide enough to take care of the firing 
delay of different bulbs. But as most bulbs 
to-day are standardized, one or two definite 
settings (e.g., 16-18 milliseconds) are now con- 
sidered sufficient. The synchronizer then works 
like an M-synchronized shutter for Class M 
bulbs at all shutter speeds (Class FP with 
focal plane shutters). Additional positions like 
27-30 milliseconds and 7-9 milliseconds take 
care of Class S and F bulbs respectively. 

Provided the shutter is of precision con- 
struction and the solenoid is firmly mounted on 
the camera, a magnetic synchronizer can be 
very reliable even for use at fast shutter speeds. 

Magnetic synchronizers need a fairly strong 
current for their operation, and the batteries 
used must be capable of giving at least three 
amperes. If the battery is partly exhausted, the 
current may either fail to operate the solenoid 
at the right time or not operate It at all. Remote 
control operation calls for a higher voltage 
to overcome the additional resistance of long 
leads. 

Since the solenoid depends on a steady flow 
of current, it is not normally suitable for 
operation from a battery-capacitor unit. 
Magneto-mechanical Synchronizers. These are a 
special group of mechanical synchronizers 
which are sometimes wrongly classed as 
magnetic. Although the magneto-mechanical 
synchronizer uses a solenoid, this is not con- 
nected to the same circuit as the flash bulb. The 
synchronizer works on the same principle as 
the spring-loaded mechanical type which has 
to be pre-set by hand. The solenoid merely trips 
the spring which operates the shutter and 
closes the firing circuit. 

This system permits remote control opera- 
tion in the same way as a magnetic syn- 
chronizer. It does not depend on the speed of 
action of the solenoid for accurate synchroni- 
zation and thus does not require specially 
fresh batteries, and it can also be connected to 
a capacitor circuit for firing the bulb. On the 
other hand, in common with the normal 
mechanical synchronizers, it does not syn- 
chronize at fast shutter speeds. 

Testing Synchronization. Testing methods fall 
into two groups: visual and photographic. 


Visual methods depend on observing the 
flash or a suitable test lamp through the shutter 
— or next to it — during release. 

The simplest method works well with X- 
synchronized diaphragm shutters. Here the 
shutter is wired in series with an ordinary flash 
circuit but using a torch bulb instead of the 
flash bulb. The bulb-testing circuit of many 
types of flash gun will do. 

The method of operation is as follows: 
tension the shutter, and keep one finger on 
the tensioning lever; press the release, and 
slowly let the tensioning lever return to its 
original position, opening the blades. If the 
synchronization is in order, the light should 
come on (or flash, in the case of a capacitor 
unit or electronic flash) when the blades are 
just open. 

The same system works with focal plane 
shutters if the movement of the blinds can be 
checked from the outside. With both types of 
shutter this method only indicates the timing 
of the X-contact. 

Looking through the shutter while firing the 
bulb in front of it is a method which gives a 
rough indication of X or M-synchronization, 
and also works with external flash synch- 
ronizers. 

Photographic methods involve directly or 
indirectly photographing the flash. With 
diaphragm shutters, a direct photograph of the 
flash bulb, taken at a small aperture and 
synchronized with the shutter, will show the 
filament or charge in the process of combustion. 
The exact stage of this combustion in the 
picture will indicate whether the flash is early 
or late in firing. 

With focal plane shutters, a picture of the 
flash itself is not so useful, as it is at a different 
stage in different parts of the negative. A better 
.arrangement is to photograph a white area 
illuminated by the flash, so that it fills the 
negative. If the area appears uniformly lit, the 
synchronization is in order. If one or the other 
end of the negative appears lighter than the 
other, synchronization is incorrect. The extent 
and position of the lighter area, relative to the 
movement of th.e shutter, then indicates 
whether the flash is early or late, and by approxi- 
mately how much. 

A falling off in density at both ends of the 
negative indicates that the flash was too short 
for the shutter speed employed. 

Professional testing methods involve the use 
of oscillograph equipment, and record the 
closing of the flash contact and the shutter 
opening as traces on the screen of a cathode ray 
tube. This is the quickest and surest way of 
testing synchronization, but is outside the 
scope of the amateur photographer. L.A.M. 

See also: Flash bulbs; Flash ( electronic ); Flash equipment; 
Flash powder; Shutters; Shutter testing. 

Books: All About Flash Photography by F. W. Frerk 
(London); Photo-Flash in Practice, by G. Gilbert 
(London). 
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FLASH TECHNIQUE 


Modern flash equipment has greatly in- 
creased the scope of photography under almost 
all conditions. The flash bulb and the electronic 
flash unit will not only get pictures in the dark; 
they can be used in conjunction with numerous 
other light sources, particularly with daylight. 
Thus in weak light flash enables instantaneous 
exposures to be used at small lens apertures, 
thus giving greater depth of field than would 
otherwise be possible. Flash can also be used 
to simulate sunlight on a dull day. In strong 
sunlight flash can be used to lighten the shadow 
areas of the subject and so even up excessive 
contrasts such as are beyond the range of colour 
film. 

Flash can be used to stop fast movement, and 
moving subjects can be brought within the 
scope of slower films, particularly colour 
emulsions. The fastest movement can be com- 
pletely arrested by electronic flash. 

Subjects which are disturbed or harmed by 
the heat and glare of conventional artificial 
lighting, as may happen in portraiture and 
when photographing flowers and insects, can 
safely be photographed with flash. 

Guide Numbers. Exposure with flash is usually 
determined by means of the guide numbers 
quoted by flash bulb and electronic flash unit 
manufacturers. These numbers are so com- 
puted as to take account of the power of the 



GUIDE NUMBERS. The /lash distance and f- number for correct 
exposure are inversely proportional, and f or any one film and 
flash bulb their product is constant. This product is the guide 
number and serves for quick exposure calculation. Correct 
aperture is guide number divided by distance. (Guide number is 
here 110, so at 10 feet aperture should be f 1 1.) 


flash and the speed of the film, and are the pro- 
duct of the lens aperture (/value) and the lamp- 
to-subject distance in feet. To find the correct 
lens aperture it is therefore only necessary to 
divide the guide number of the bulb in use by 
the known lamp-to-subject distance. Con- 
versely, the correct lamp-to-subject distance 
for a given lens aperture can be ascertained by 
dividing the guide number by the known 
aperture. 

The guide number system takes into account 
the fact that the amount of light reaching the 
subject varies inversely as the square of the 
distance from the light source. When altering 
the flash-to-subject distance it is therefore im- 
portant to remember that, if this distance is 
doubled, only one quarter of the light reaches 
the camera; and if it is halved, the amount of 
light is increased four times. In the former case, 
the lens aperture will have to be opened up two 
whole stops, and in the latter, it must be 
stopped down by the same amount. 

The normal guide numbers apply only in 
cases where the camera shutter remains open 
throughout the duration of the flash, which 
with flash bulbs varies between 1 / 25 and 1 /200 
second. If the shutter only remains open during 
part of the flash, less light is able to affect the 
film during the exposure, and allowance for 
this must be made by reduction of the guide 
number. The duration of electronic flash is so 
brief (1/800 to 1/5,000 second) that, provided 
the shutter is of the between-lens type and is 
accurately synchronized, the normal guide 
number can be used. 

Guide numbers are only intended as a guide 
to the correct aperture and flash-to-subject 
distance under average conditions. It is assumed 
that the flash bulb or electronic tube is used in 
an efficient reflector, that the subject is of 
average tone value and located in a medium 
sized room with light-toned walls. If any one 
of these assumptions does not apply, it may be 
necessary to open or close the lens aperture by 
one whole stop or more. With colour film (and 
particularly with reversal emulsion), which has 
much less exposure latitude, it is advisable to 
aim at correct exposure to within half a stop 
either way. 

Adjusting Exposure. If use of the normal guide 
numbers results in consistently wrongly 
exposed results, the numbers can be converted 
according to the following table, which pro- 
vides adjustment of exposure between two 
times and one half of that resulting from direct 
calculation. 

When a second flash bulb is used as a fill-in 
light, placed farther away from the subject 
than the key light, the guide number of the 
latter can remain unchanged for purposes of 
calculating the exposure. But if two flash bulbs 
are used in the same position, the guide number 
should be multiplied by 1 -4. When three lamps 
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FLASH ON THE CAMERA. The easiest way of taking flash shots, 
as both camera and flash holder are firmly connected and 
freely mobile. However, it yields flot lighting and a heavy 
shadow close behind the subject. 


ADJUSTMENT OF EXPOSURE 


Change of 

Multiply Guide 

lens aperture: 

Number by: 

1 stop larger 

•70 

i stop larger 

BA 

1 stop smaller 

M 

t stop smaller 

12 


of the same type are used, multiply the guide 
number by 1-7, and with four, multiply by 2. 

As it is impossible to judge lighting effects 
with flash in advance, Photoflood lamps can 
sometimes be used to advantage for this pur- 
pose. If an exposure meter reading is taken of 
the experimental set-up, it is then possible by 
trial and error to work out the relative power of 
the two forms of lighting and so calculate the 
flash exposure by this means. It is advisable to 
keep a record of each lighting set-up including 
the exact position of the lamps and their dis- 
tance from the subject. This makes it easy to 
reproduce the same conditions at will and so 
ensure correct exposure, which is particularly 
critical with colour film. 

Flash at Camera. The simplest and handiest 
position for a single flash gun is at the camera, 
to which it can be secured by a bracket. This 
is an excellent position when flash is used as 
auxiliary lighting to soften shadows in day- 



BOUNCE FLASH. The flash is directed at the ceiling and walls 
so that the subject is lit by soft diffused light, without harsh 
shadows. The exposure must allow for lower light. 


light, but has certain disadvantages when flash 
is the sole light source. Results are somewhat 
flat and lacking in modelling, a sharp black 
shadow is cast behind the subject, whose eyes 
appear with unnaturally light pupils, due to an 
internal reflection in the retina. With colour 
film the same reflection causes the eyes to 
appear red. 

Modelling can be improved by placing a 
reflecting screen to one side of the subject, 
using for example a white card or sheet or a 
board covered with silver paper, placed in such 
a position that the flash is reflected on to the 
shadow side of the subject. 

Flash Remote from Camera. The drawbacks 
mentioned above are eliminated if the flash can 
be placed slightly above and to one side of the 
camera. 

If the flash lead is not long enough for the 
purpose, it may be possible to use the open 
flash technique, securing the camera to a tri- 
pod, setting the shutter to B or T, and firing 
the flash separately while the shutter is open; 
but this is only feasible when the subject is 



FLASH OFF THE CAMERA. The flash is connected by an ext en- 
sion cable and held above and to one side of the camera. Yields 
better modelling and separates the shadow. 

relatively static. Alternatively a solenoid at the 
flash gun can be used as a remote control 
shutter release, the camera being held in one 
hand, the flash gun in the other. 

Indirect Flash. When the subject is in more than 
one plane, lighting can be equalized to a certain 
extent by pointing the reflector slightly upwards 
so that the centre of the beam strikes the 
ceiling and is reflected down again while only 
the edge of the beam strikes the foreground of 
the subject directly. This method calls for a 
lens aperture two stops larger than normal. If 
there is a considerable distance between fore- 
ground and background, the reflector should 
be turned right away from the former and 
directed straight towards the latter. The lens 
aperture in this case should be calculated for 
the background. 

Flash can also be directed away from the 
subject altogether and aimed at light walls and 
ceiling, so as to bounce back to the subject — 
hence the term bounce flash. This method gives 
an agreeably diffused result, but with colour 
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USING A FILL-IN REFLECTOR. A white reflecting screen on the 
shadow side of the subect will lighten and soften the hard 
shadow cast by a single flash bulb. 

film it can obviously only be used when the 
walls and ceiling are dead white. The lens 
aperture must be two to three stops larger 
than when direct flash is used. 

Flash Without Reflector. Very natural lighting 
effects can be obtained in interiors by dispens- 
ing altogether with the reflector. In small light- 
coloured rooms the lens aperture required will 
be one stop larger than normal; bigger rooms 
call for one and a half stops more, and dark- 
toned rooms two and a half stops. Never use 
flash bulbs at the camera without reflector; 
serious injury may result in the event of a bulb 
bursting. 

In general, when working with only one 
flash bulb, make as much use as possible of the 
reflecting power of walls to lighten shadows. 
Take care that the image of the bulb itself is not 
reflected back to the lens by mirrors, windows 
or other reflecting surfaces. 

Two Flashes. The quality of results is greatly 
improved if more than one flash unit is avail- 
able. Though the outfit becomes more cum- 
bersome a second flash-gun is a real advantage, 
even in action and press photography. It is 
often possible to persuade a bystander to hold 
the second gun; or it can be fixed in position 
with a universal clamp. 

With a single flash gun the range of contrast 
between highlight and shadow areas of the 
subject may well be beyond the range of the 
paper on which the negative is printed. With a 
second flash, we immediately have f ull control 
of contrast. The normal procedure when using 
two flash bulbs of equal power is to have one 
flash gun remote from the camera but nearer 
the subject as main light, and the second flash- 
gun at the camera as a fill-in. In this way the 
fill-in flash softens the shadows cast by the 
main light without casting any of its own. 
Alternatively the relative power of the flashes 
can be adjusted by using different types of bulb 
for main light and fill-in. 

Placing Fill-in Flash. Contrast adjustment will 
normally be effected by moving the main flash 
relative to the subject, while the camera with 
its fill-in flash remains stationary. As the light 
reaching the subject varies as the square of the 
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distance between it and the flash bulb, a con- 
venient way of memorizing the appropriate 
flash-to-subject distances for given contrast 
ratios is to refer to the /-numbers engraved on 
the camera lens diaphragm. According to the 
calibration, these will either read 4, 5-6, 8, 11, 
16 and 22, or 3-5, 4-5, 6-3, 9, 12-5 and 18. As is 
well known, each number represents an aper- 
ture admitting half the amount of light of its 
left-hand and double that of its right-hand 
neighbour. If an illumination ratio of 2 to 1 is 
required and the camera and fill-in flash are 
placed at 11 feet from the subject, the main 
flash gun should be placed at 8 feet. If a ratio 
of 3 to 1 is desired, respective distances should 
be 1 1 and 6-3 feet; and for a ratio of 4 to 1, 11 
and 5 -6 feet. 

Three or More Flashes. When using more than 
two flashes, the best method of adjusting the 
lighting is to replace the flash bulbs temporarily 
by Photofloods in appropriate light sockets 
and reflectors and judge the effect visually, 
calculating the exposure by the method al- 
ready described. 

Though it might appear less complicated to 
dispense with flash altogether and make the 
exposure by Photoflood light, actually flash 
offers very definite advantages which outweigh 
the extra trouble involved. First and foremost, 
the much higher light output of flash bulbs 
makes it possible to use smaller apertures and 
thus obtain greater depth of field. Then the 
ability to synchronize the flash to the instan- 
taneous shutter speeds makes it unnecessary 
for models to remain motionless, which is an 
obvious advantage when children or animals 
are involved, and results in much more natural 
and relaxed poses. For colour portraiture, 
with the comparatively slow films at present 
available, flash is almost indispensable to those 
who do not have access to an elaborately 
equipped professional studio. 

Multiple Successive Flashes. The ability to 
fire successive flashes with electronic units can 
be turned to good account with static subjects 
such as interiors, architecture, and copying. 

The flash tube can be recharged and fired 
from different positions to provide modelling 



TWO FLASHES. If an extension unit is available, it can be used 
as a fill-in light on the shadow side of the subject. 
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and sof ten or entirely eliminate shadows. Unless 
flash is the sole light source it is necessary to 
close the camera shutter during the recharging 
period. Flash bulbs can also be fired in suc- 
cession, but if a large number are required, the 
cost becomes prohibitive. 

Flash and the Background. In the simplest case 
of a single flash on the camera, the subject casts 
a shadow on the background. The shadow is 
just visible from the camera position as a black 
border around the half of the subject on the 
opposite side of the camera to the flash — or 
below it where the flash is mounted immediately 
above the lens. The closer the subject is placed 
to the background, the more obvious this 
fringe of shadow becomes. This is because the 
background receives almost as much light as 
the subject. As the background is pushed farther 
and farther back, it becomes darker in tone 
and the shadow becomes less obvious. 

So with a single flash source on the camera, 
there is a choice between a light-toned back- 
ground with a heavy subject shadow, or a 
dark-toned background with little or no 
shadow. 

Where the background is to be shown as 
light in tone as the subject — and this is the 
case with most interiors — it is generally 
sufficient to direct the flash on to the ceiling or 
an adjacent light-toned wall — i.e., to use 
“bounce” flash technique. The flash is then 
fairly evenly distributed over the subject and 
the background (so long as they are only a 
few feet apart) and no hard shadows will 
appear anywhere. The drawback here is that 
the lighting is often too soft; it lacks depth and 
relief and gives no control of the relative tones 
of subject and background. It is satisfactory, 
however, for subjects of general interest where 
the subject is no more important than its sur- 
roundings. 

For greater control it is necessary to use a 
separate flash — or Photoflood lighting — on the 
background. Illuminated in this way, the back- 
ground can be made to reproduce as light in 
tone as wished by bringing the background light 
closer. The background illumination may be 
directed from immediately behind the subject 



EXTENSION FLASH WITH REFLECTING SCREEN. With a 
reflecting screen used to fill in harsh shadows, the extension 
flash can be used as an eff ect light on the background. 



MULTIPLE FLASH. One flash holder can illuminate a large room 
if the camera is set up on a tripod, the shutter opened for a 
time exposure, and the flashes fired in succession from various 
points. Avoid directing any flash into the lens. 

and concentrated on the area where the shadow 
will fall from the principal light mounted on 
the camera. Or the principal light may be 
moved up and to the side so that it no longer 
casts a shadow on the background. (In this 
case a fill-in flash or white surfaced reflector 
will have to be used to light up the shadow side 
of the subject.) 

Out of doors, supplementary flash lighting 
may be used for the reverse effect — i.e., to 
brighten the tone of the subject in relation to its 
background. This technique is often useful 
when the subject is dark in tone and is seen 
against a sunlit background. The normal camera 
exposure is adjusted so that the background will 
be under-exposed and come out fairly dark in a 
straight print. The flash distance is then calcu- 
lated to give a correctly exposed subject at the 
aperture and shutter speed selected for the 
daylight exposure. 

In colour work it is not possible to darken 
the tones of the sky by adding a colour filter as 
in black-and-white photography. The filter 
would simply tint all the colours of the subject 
and falsify all the values. Under certain condi- 
tions a polarizing filter can be used to darken 
some of the sky, but it does not give complete 
control. Flash, used in the manner described 
above, however, will light the subject normally 
at an aperture and shutter setting that will leave 
the sky under-exposed and dark in tone. And 
although the sky will be darker than in a normal 
exposure made without flash, its colour and the 
colours of the rest of the subject will remain 
reasonably the same. With flash bulbs it will 
be necessary to use a suitable blue filter over 
the lamp or a special blue-dipped daylight 
bulb to correct the colour temperature. No 
filter is required with electronic flash since this 
has approximately the same colour temperature 
as daylight. 

Flash and Daylight. Flash can be used as an 
auxiliary light source to soften hard shadows 
resulting from exposures in bright sunlight. 
This is particularly useful with colour film, 
which can only record a limited contrast range. 
The technique is often known as synchro- 
sunlight. 
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SYNCHRO-SUNLIGHT. A synchronized flash can serve as 
fill-in light in outdoor shots against the sun. The exposure must 
be carefully balanced not to overlight the shadows. 


When calculating the correct balance be- 
tween daylight and fill-in flash it should be 
remembered that with flash bulbs, the slower 
instantaneous shutter speeds (e.g., 1/25 

second) when the flash duration is shorter than 
the shutter opening, have no effect on the power 
of the flash. The full flash intensity is only 
reduced when the shutter speed is faster than 
the flash. When this takes place depends on 
the flash duration, which varies according to 
the type of bulb from 1/25 to 1 /200 second. The 
duration of electronic flash discharge is always 
shorter than the fastest shutter speed with 
which it can be synchronized. 

Generally therefore the shutter speed only 
influences the amount of daylight reaching the 
film, and not the flash intensity. Thus an 
exposure of 1/50 second will admit only half 
the daylight admitted by a 1/25 second expo- 
sure, without reducing the flash intensity. 


Balancing Daylight and Flash. The desired 
balance between daylight and fill-in flash can 
therefore be obtained by varying either the 
shutter speed (affecting the daylight), or the 
flash-to-subject distance (affecting the flash 
intensity). The flash intensity can also be altered 
by using a bulb of different power or by placing 
a piece of cloth over the bulb. (With colour 
film, such cloth must be dead white so that it 
does not affect colours.) 

The normal procedure in practice is to set 
shutter speed and lens aperture as for an 
exposure to daylight only. Next divide the 
guide number of the flash bulb to be used by 
the lens aperture already selected. The result- 
ing figure gives the flash-to-subject distance at 
which daylight and flash will illuminate the 
subject with equal intensity. If a relative inten- 
sity of 4 to 1 between daylight and flash is 
desired, the flash-to-subject distance must be 
doubled. 

Simulating Sunlight. To simulate sunlight in 
dull weather, or to use flash as an effect light, 
reduce the flash-to-subject distance by half. 
The flash then becomes the main light. 

When using colour film, the flash bulb must 
be blue-tinted so as to match the colour tem- 
perature of daylight. Electronic flash, being of 
approximately the same colour temperature 
as daylight, is quite suitable for the purpose 
without modification. H.A.S. 


Sec also: Colour technique; Portraiture outdoors; Strobo- 
scopic flash; Underwater photography. 

Books: All About Flash Photography , by F. W. Frerk 
(London); Photo-Flash in Practice , by G. Gilbert 
(London); Synchro- flash Photography, by G. L. Wakefield 
and N. W. Smith (London). 


FLAT FILM. Type of sensitized film material, 
also known as cut or sheet film. It is available 
in normal plate sizes and, to minimize buckling, 
usually has a thicker base than roll film. 

See also : Films. 

FLATNESS. Term applied to photographic 
prints exhibiting no clear black or white tones; 
lack of contrast. 

FLATTENING PRINTS. Prints on drying 
tend to curl towards the emulsion surface. They 
can be flattened by various methods — e.g., 
pressure or stretching over the edge of a 
board in the reverse direction of the curl. 

See also : Drying. 

FLEXICWIOME PROCESS. Commercial 
process for producing coloured prints from 
black-and-white negatives. The negative is 
printed on a special stripping material. This 
is developed in a tanning developer which 
hardens the gelatin in the image areas. The 
unhardened gelatin is then washed off in hot 
water leaving a swollen relief image. 


A bleacher is applied to remove the silver 
image and the material is soaked in a grey dye 
which is absorbed by the gelatin matrix in 
proportion to the thickness of the gelatin 
and thus in proportion to the original silver 
deposit. The gelatin layer is then stripped and 
transferred to a paper support. 

Special coloured dyes are next applied to the 
grey image. These dyes displace the grey dye 
and leave a colour image which varies in depth 
of tint according to the amount of gelatin 
available. In the same way, a second colour 
may be applied to displace the first. 

The process allows the photographer to 
exercise almost unlimited control over the 
final result. At the same time, the colours 
will “take” only in proportion to the thickness 
of the gelatin image, so that the process 
remains photographic. 

Flexichrome is used for producing colour 
originals for magazine illustration from 
ordinary negatives, and it is also practised by 
some portrait photographers and pictorial 
workers for exhibition. 

See also : Colouring prints. 
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FLOODLIGHT. Name for a source of main 
general lighting. A floodlight may consist of 
a number of 500- watt tungsten filament lamps 
mounted in a white enamelled reflector shaped 
like a shallow box or trough. The light from 
such a unit spreads evenly over the subject and 
does not cast hard shadows. 

Floodlights may hang from the ceiling, stand 
on the floor, or be mounted on an adjustable 
stand on wheels. In portrait studios the flood- 
lights are generally part of the permanent 
fittings. For amateur use, a Photoflood in a 
shallow matt-surfaced reflector makes a useful 
floodlight. 

See also: Lighting equipment. 

FLOWERS. Photography of flowers refers to 
pictures made at distances of anything from 
2 to 15 feet from the subject. Beyond about 15 
feet flowers become masses and shapes rather 
than particular species. 

Background. Photographs of flowers are almost 
always better when they are taken against a 
plain background, and for tall flowers like 
hollyhocks, sunflowers, etc., the best back- 
ground of all is the blue sky. Sunshine is not 
essential but it helps to add modelling and 
texture. 

Most flowers require a 2 x or 3 x yellow 
or green filter and panchromatic film. The 
shutter speed must be kept short enough to 
deal with movement of the subject in the 
wind. If blooms are 6 feet or more distant, 
1/100 second may be fast enough; if closer, 
they will need 1 / 200 second or less. 

If the natural background is fussy, the 
subject should be photographed against a large 
piece of card, light or dark grey to suit, sup- 
ported behind the plant or fastened on to it 
by paper clips. With short-stemmed plants 
the background card may be pinned between 
wooden stakes pushed into the ground. The 
card may be curved behind the chosen flower 
to protect it from the wind. 

The colour of the background should be 
chosen to contrast with the subject, a light 
flower being given a darker background and 
vice versa. It is generally better to take a 
few flowers well grouped than a large mass of 
blooms of the same sort. The whole group, 
including the foremost petals, must be sharply 
focused. 

Backlighting emphasizes the delicacy and 
transparency of flower petals and foliage, and 
sidelighting shows up the texture. Over-dark 
shadow areas should be lightened by holding 
or supporting a piece of white card or cloth so 
that it reflects the principal light into the dark 
parts. 

Flowers Indoors. When cut flowers are photo- 
graphed indoors, much of the appeal depends 
on careful arrangement and choice of setting. 
The container should be in keeping with the 
type of flower; dainty flowers need delicate, 
fragile containers; large, sturdy blooms look 


best in a substantial jug or vase. And as the 
flowers are the important thing, the container 
should be plain and unobtrusive. For the 
same reason furniture and other ornaments 
should be kept out of the picture. 

Grouping flowers attractively calls for some 
skill and flair; it is generally better to avoid 
symmetrical arrangements and the blooms 
should not be bunched in the dead centre of 
the picture or spread out at regular intervals. 
Small Flowers. Very small flowers call for true 
close-up technique. They can be held in 
position with Plasticine and photographed by 
artificial lighting but the work must proceed 
quickly because the flowers wilt when they are 
out of water and under the warm lighting. 
Alternatively a sheet of heat-resisting glass 
can be placed in front of each lamp to mini- 
mize the heating effect. The grouping of such 
small subjects must be kept as nearly in one 
plane as possible because of the extremely 
shallow depth of field of the lens at such close 
distances. 

Lighting indoors should be made to look as 
natural as possible — i.e., it should fall from 
above and to one side. Often the best lighting 
arrangement comes from standing the flowers 
on a window ledge — but not in direct sunshine 
— and brightening up the shadow side with a 
reflector. 

Equipment. The best camera for flower 
photography is either a plate camera with back 
focusing, or a single lens reflex. Both of these 
cameras have focusing screens on which the 
picture can be comfortably studied, and can be 
fitted with long focus lenses which give big 
pictures without the distortion of a too-close 
viewpoint. Miniature cameras — particularly 
those with special close-up magnifying reflex 
attachments — and twin-lens reflex cameras 
fitted with close-up lenses and compensation 
for parallax, can also be used. Finally, almost 
any camera with a supplementary lens of about 
1-2 diopters can be made to tum out good 
flower photographs within its own limitations. 
Sensitized Material. There is no room for 
artistic falsification of tone values in flower 
photography. All the colours of the subject 
must be reproduced in their true brilliance or 
the photograph will look false to anyone who 
knows anything about flowers. So the subject 
demands a medium speed panchromatic film 
with perhaps a 2x green filter. 

This means that deep red, blue, or mauve 
flowers and their foliage will all reproduce in 
more or less identical shades of grey. The 
result is that such flowers are lost amongst the 
foliage. It is of course possible to lighten the 
colours of the flowers with a suitable filter, but 
only by falsifying the tone values. If the 
photographer simply wants to make flower 
pictures, he should avoid flowers of such deep 
shades and use lighter coloured varieties. 

Colour film is the only material that will do 
justice to flowers, and there are few better 
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subjects for turning into transparencies. Here, 
as elsewhere, the photographer must resist the 
temptation to cram as many highly coloured 
blooms as possible into the picture. The best 
effects are undoubtedly achieved in subtle tones 
of the same colour or combinations of pastel 
shades. The colours will be true to life only 
if the subject is given the exact exposure. 
This means that all exposures should be 
measured with an accurately calibrated expo- 
sure meter. Where there is a mixture of 
colours in the scene, the exposure may have to 
be measured within inches of the most impor- 
tant colour to ensure that it is reproduced 
correctly. P.J. 

See also: Botany; Gardens. 

Book: All About Photos in Your Garden , by R. M. 
Fanstone (London). 

FLUORESCENCE. As a rule, when materials 
absorb light they convert it into kinetic energy, 
or heat. But some substances re-emit part of it 
as light of a longer wavelength. Such sub- 
stances are said to fluoresce. Dyes, like fluores- 
cein, eosin, and rhodamine, will fluoresce in 
solution. Zinc and cadmium sulphides, suit- 
ably activated with other metals, will also 
fluoresce. These, or similar substances, are 
used for coating the glass tubes of fluorescent 
lights. Certain substances will absorb invisible 
rays of ultra-violet light and convert it into 
light of a visible wavelength. Sometimes 
the radiation goes on even after the exciting 
light has been removed. This kind of radiation 
is known as phosphorescence. 

The familiar fluorescent lighting is produced 
by coating a mercury vapour tube with sub- 
stances that fluoresce under the influence of 
ultra-violet radiation. The invisible ultra- 
violet rays are converted into visible light, and 
by a suitable choice of coating material the 
colour of the resultant light can be varied 
throughout a range of “daylight” tints. 

Fluorescence enables some materials to be 
photographed by invisible radiations when 
other non-fluorescing substances remain in- 
visible. Among substances that fluoresce, 
some do so more strongly than others. This 
provides a valuable means of creating contrast 
differences which do not exist in ordinary light. 

Apart from its use in radiography (fluoro- 
graphy) fluorescence photography can reveal 
things that would otherwise be invisible — e.g., 
the presence of two kinds of ink, which fluor- 
esce differently, in a falsified document. The 
technique is used in a number of different fields 
of photography and scientific observation. 

See also: Fluorescent lamp; Forgeries; Ultra-violet and 
fluorescence photography. 

FLUORESCENT LAMP. Type of vapour 
discharge lamp in which the glass envelope is 
coated with a substance capable of effective 
fluorescence. The rays emitted by the vapour 


(usually mercury) cause this coating to fluo- 
resce. 

Fluorescent lamps are normally tubular with 
a contact cap at each end; this cap may be bi- 
pin, bayonet or raised contact. For convenience 
the tubes are usually mounted or clipped into 
holders which also serve as trough reflectors or 
diffusers. 

Quality of Light. By choice of the coating sub- 
stances used, fluorescent tubes can be made 
to emit light of different but very constant 
colour temperatures; the more commonly 
manufactured range is natural daylight and 
warm-white. For accurate colour-matching, a 
special tube is also made. 

Fluorescent lights are very efficient in their 
use of electricity because they tum so little of 
it into wasteful heat. A tube consuming 40 
watts gives about the same amount of light as 
an ordinary domestic tungsten filament lamp 
of 150 watts. The light is soft, low intensity, 
and diffused, since the tube may be anything 
from two to eight feet in length. For this reason 
the photographic applications are limited to 
general illumination, in particular, of the copy 
board in process and document photography, 
and of such subjects as oil paintings. 

Operation. Fluorescent lamps may be run off 
either an A.C. or D.C. mains supply. 

On A.C. the tubes will flicker at double the 
frequency of the supply and are not suitable 
for instantaneous exposures of a shorter dura- 
tion than two cycles — i.e., of anything less 
than 1 /25 second with a 50 cycles per second 
supply. If a steady light is essential — as in 
cinematography — three tubes may be con- 
nected across the phases of a three-phase supply. 

Special control gear is required with all arc 
and vapour discharge lighting because the 
internal resistance is not constant. For D.C. 
operation a ballast resistance must be con- 
nected in the circuit and, since this accounts for 
about half the total consumption, it lowers the 
efficiency of the lamp. On an A.C. supply the 
lamp must be connected in series with a choke 
to limit the current. Where the supply voltage 
is too high or too low for the tube, a reactive 
transformer is used in place of the choke. In 
addition to a choke or transformer, the circuit 
may also need one or more condensers to 
compensate for the inductive load and main- 
tain the power factor of the supply. 

There are two ways of starting up a 
fluorescent lamp. The commonest method is by 
passing a starting current through a heating 
filament inside the tube, and the other by 
applying an initial voltage high enough to 
ionize the gas in the tube. The first type of tube 
is called a hot cathode; it is used for practically 
all domestic and public building illumination 
and for subject lighting in photography. The 
second, known as cold cathode illumination, 
is used in photography principally as an en- 
larging light in the form of a compact grid 
extending over the whole of the negative area, 
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or a circular tube fitting around the edge of the 
integrating sphere type of lamphouse. 
Luminous Panel Light. Certain substances emit 
visible light rays when placed in a high voltage 
alternating current field. Materials of this type 
form the basis of a special type of luminous 
panel lighting. A layer of the material is 
sandwiched between a layer of metal foil and a 
layer of transparent conducting plastic. The 
metal side of the sandwich is supported on an 
insulating base and the transparent side is 
covered with a sheet of glass or transparent 
insulating plastic. When an alternating current 
at 230 volts is applied to the conducting layers, 
the intermediate coating glows with a bright- 
ness of about i foot lambert. The light emission 
can be increased by applying a higher voltage, 
and the colour of the light can be varied 
according to the composition of the coating 
material or by incorporating a suitable filter in 
the transparent layer. The total amount of light 
available depends on the area of the panel. 

Luminous panel lighting has been applied 
on a limited scale as a safelight for both pan- 
chromatic materials and enlarging papers, and 
for luminous notices and clock faces in photo- 
graphic material coating rooms. This form of 
lighting has the advantage of being practically 
cold and therefore exceptionally efficient 
(because practically all the electrical energy is 
converted into light). But it is still too expen- 
sive to be a practical proposition for the 
amateur — or even the commercial studio. F.P. 

See also: Discharge lamp; Light sources. 

Book: Photographic Illumination, by R. H. Cricks 
(London). 

FLUORESCENT WHITES. Some photo- 
graphic papers are treated in manufacture with 
a fluorescent dye to increase the effective 
reflectivity of the base. This adds brilliance to 
the highlights of the photograph, particularly 
when it is viewed in daylight. This is because 
daylight is rich in the ultra-violet light which 
causes the dye to fluoresce. 

There is one great disadvantage of this type 
of base. If photographs made on it are intended 
for reproduction, tne highlights must not be 
worked up with ordinary process white. A 
special type of fluorescent process white must 
be used, otherwise the retouching will show 
clearly on the finished half-tone reproduction 
although invisible in the original print. 

FLUOROGRAPHY. Process of photograph- 
ing the visible image produced by the impact 
of invisible electrons on a fluorescent screen. 
There are two methods of fluorography — 
contact and optical. In the contact method, 
the sensitive photographic material is pressed 
into contact with the screen. In the optical 
method, the image is photographed by setting 
up a camera in front of the screen. 

The commonest application of optical 
fluorography is in mass miniature radiography. 


/ -NUMBERS. Numerical expression of the 
relative aperture of a lens at its different stops. 
The /-number is equal to the focal length 
divided by the effective diameter of the lens 
opening, and is written in various forms — e.g., 
/8,//8, 1 : 8, etc. All lenses stopped down to the 
same /-number produce images of equal illu- 
mination (apart from differences due to vary- 
ing reflection losses). For a given shutter speed, 
a given /-number always corresponds to the 
same exposure. 

Sec also : Diaphragms. 

FOCAL LENGTH. Term in optics referring 
to the distance from the plane in which the lens 
forms an image of objects at infinity to the 
node of emission. It is important in photo- 
graphy because it decides the scale of the 
image (the longer the f ocal length, the larger the 
image) and the extension of the camera (a 
longer focal length calls for a greater amount of 
camera extension). More precisely, it is the 
equivalent focal length defined by the relation 
/ = y/tan p where /3 is the angular subtense 
of a small object of image height y. 

The focal length of a lens is usually engraved 
on the mount thus: /= 90 mm. This should not 
be confused with the /-number. 

See also: Lens. 

FOCAL PLANE. Imaginary plane on which a 
lens forms a sharp image when correctly 
focused. For sharp pictures the emulsion surface 
of the plate or film in a camera must be 
accurately positioned in the focal plane of the 
taking lens. 

See also: Lens. 

FOCAL PLANE SHUTTER. Shutter con- 
sisting of one or more roller blinds of fabric 
or metal, having a generally variable slit which 
moves acrbss the back of the camera when the 
release is pressed and exposes the sensitized 
material progressively. This type of shutter is 
mounted as close as possible to the surface 
of the sensitized material — i.e., to the focal 
plane. 

See also : Shutters. 

FOCAL POINT. Point of intersection of all 
rays of light transmitted by a lens from a given 
object point. When the object is at infinity, i.e., 
the incident rays are parallel to the lens axis, 
the image is the principal focal point. The 
principal focal point lies on the axis of the lens. 

See also: Lens. 

FOCUS. Point of convergence. In optics it is 
the point on the optical axis of a lens or mirror 
through which all rays of light parallel to the 
axis pass after refraction (lens) or reflection 
(mirror). 

See also: Lens; Mirrors. 
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FOCUSING 


The camera lens forms an image of the 
objects in front of it on the film or plate in the 
back of the camera, but the image is sharp 
only when the distance between the lens and 
the film is correct. What the correct distance 
is depends od the focal length of the lens and 
how far away the object is. Adjusting the 
camera to this distance is known as focusing. 

All but the cheapest cameras have some 
means of focusing. Very cheap box cameras 
have fixed focus lenses. They work at small 
apertures and so have sufficient depth of field 
— from about 10 feet to infinity — to give a 
sharp picture without focusing. Such cameras 
are only intended to photograph subjects more 
than 10 feet away, except when using supple- 
mentary lenses. 

There are two ways of adjusting the image 
sharpness: by changing the actual distance 
between the lens and the film, and by changing 
the f ocal length of the lens. 

There are several ways of changing the lens- 
film distance. On most miniature cameras 
and, in fact, nearly all cameras where the lens 
is interchangeable, it is done by a helical 
focusing mount in which the lens can be 
rotated to screw it towards or away from the 
film. 
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PRINCIPLE OF FOCUSING. When a lens is focused at infinity, 
rays from a very distant object point converge to a corres- 
ponding image point a given distance behind the lens in the 
focal plane. As the object point is brought nearer, the image 
point moves farther away from the lens: the lens- film distance 
must be increased to obtain a sharp image of close objects. 


In most plate cameras and many twin lens 
reflexes the whole lens panel is moved forward 
or backward by a rack and pinion. 

In one camera the actual film plane is 
moved forward or backward, and many field 
and technical cameras have a similar system of 
back focusing. 

Again, the focal length of the lens may be 
altered by increasing or decreasing the separa- 
tion between the lens elements. Usually the 
front cell of the lens moves in or out in a 
screwed mount, and the method is known as 
front cell focusing. Many modern roll film 
cameras and a few miniatures have front cell 
focusing. 

In effect the use of positive supplementary 
lenses is simply another way of altering the 
f ocal length of the camera lens to focus it on 
close-up objects. 

Direct Screen Focusing. In one of the oldest 
and surest methods of focusing, the image is 
observed on a ground glass focusing screen in 
the back of the camera, and the lens is adjusted 
until the subject is sharp. The ground glass 
screen is then replaced by the sensitive material 
in the film or plate holder. It is essential for 
the surface of the sensitive material to lie in 
exactly the same plane as the ground surface 
of the focusing screen. This calls for accurate 
construction of the plate holder and focusing 
screen slide. Given this, direct screen focusing 
is extremely reliable. 

The focusing screen not only shows the 
sharpness of the image, but also the exact 
picture that will be photographed on the 
negative. It is, therefore, a means of com- 
posing as well as focusing. 

The drawbacks of direct screen focusing are 
that it is slow and the image appears upside 
down on the screen. As the image must not 
move while the focusing screen slide is changed 
for the plate or film holder, it is limited to 
more or less still subjects, and the camera 
must be mounted on a tripod. 

Reflex Focusing. In the reflex camera the 
image is focused on a horizontal screen set in 
the top of the camera. The image is projected 
on to it by a mirror behind the lens. When 
the shutter release is pressed the mirror swings 
out of the way and immediately afterwards the 
shutter opens and exposes the film or plate in 
the back of the camera. The time lag between 
focusing and exposure is reduced to the time 
taken by the mirror to move out of the way — 
about half a second. 

Reflex focusing has all the advantages of the 
ordinary focusing screen but once the image is 
focused the exposure can be made right away. 
This means that the camera can be held in the 
hand and used for taking moving subjects. 

Reflex cameras have one great drawback: it 
is not always convenient to use the full aperture 
of the lens, and when it has to be stopped down 
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REFLEX FOCUSING. In the reflex camera a movable mirror 
deflects the rays from the lens on to a ground glass screen at the 
top. This shows the exact sharpness of the image as it would 
appear on the film. The mirror swings away for exposure. 

beyond about / 6 3 the picture on the screen 
becomes too dim to be of any use. 

This disadvantage has been overcome in 
most modern cameras by use of a pre-set iris 
control. The aperture required for the 
exposure is selected but not actually adjusted. 
This allows the lens to be used at full aperture 
for focusing. When the shutter release is then 
pressed, the iris automatically closes to the 
selected aperture before the shutter opens. 

All the focusing aids used with the ordinary 
focusing camera can be applied to the reflex 
screen. 

Reflex cameras, particularly miniature 
models, usually have a built-in focusing mag- 
nifier, while a collapsible hood takes the place 
of the focusing cloth. With miniature reflexes 
this hood is, however, rarely deep enough to 
be as effective as the cloth. 

A further feature of a reflex screen image is 
that it is reversed left-to-right. This mainly 
affects the use of the screen for arranging the 
subject and following movement. The majority 
of current miniature reflexes incorporate an 
optical reversing system to yield an upright 
and right-way-round image for eye-level 
viewing. 

Some miniature single-lens reflex designs 
have also succeeded in eliminating yet another 
disadvantage of the moving mirror system: the 
disappearing image. In these models the mirror 
returns to its viewing position immediately 
after the exposure so that the subject continues 
to be visible once the picture is taken. 

Twin-Lens Reflex Focusing. Twin-lens reflex 
cameras really consist of two camera systems 
built one above the other. The bottom 
camera is used solely for taking the picture, 
while the top one is used quite independently 
for viewing and focusing. The two camera 
lenses are, however, geared together, so that 
what is sharp on the upper reflex focusing 
scrten will also be sharp on the film behind 
the lower lens. 

The twin lens principle has several advan- 
tages: there is no time lag between focusing 
and exposure; the focusing (and viewing) lens 


always remains at full aperture (in fact, the 
aperture of the focusing lens is often larger 
than that of the camera lens, giving more 
critical focusing and a brighter image). 

But there are also drawbacks: as there are 
two lenses, focusing accessories such as supple- 
mentary lenses must be bought in matched 
pairs instead of singly; the twin-lens reflex 
camera is subject to parallax error. 

Aids to Screen Focusing. There are a number 
of aids to exact focusing on a screen. 

The image can be focused more sharply with 
the help of a focusing magnifier. This is 
nothing more than a simple magnifying glass, 
often mounted in a suitable holder a few inches 
from the focusing screen. 

For accurate work, particularly with the 
focusing magnifier, the ordinary glass screen 
is too coarse ; the grain of the screen breaks up 
the image and lowers its resolution. 

Flashed opal glass is a better material; it 
gives an image that is dimmer, but practically 
grainless. At the same time, the flashed layer 
has a certain thickness (the matt surface of a 
ground glass screen has practically none), and 
this can introduce its own focusing errors. 

An ordinary glass plate coated with an 
emulsion of fine rice starch or barium sulphate 
in gelatin also gives a very fine screen. 

Clear Spot (Aerial) Focusing. The image 
formed in the plane of the focusing screen can 
be observed directly through a magnifier with- 
out any assistance from the screen itself. If a 
disc of clear glass is cemented on the ground 
surface with Canada balsam it forms a trans- 
parent spot where the image can be focused in 
this way. This method of focusing is known 
as clear spot or aerial focusing. 

It is essential, however, for the aerial image, 
seen in the clear spot to lie in the same plane 
as the surface of the ground glass. So the 
glass disc is cemented in position over a cross 
pencilled on the focusing screen or better still 
a couple of fine hairs. These indicate the 
exact plane in which the image must be brought 
to a sharp focus. 



TWIN LENS REFLEX FOCUSING. Instead of the movable 
mirror of the single lens reflex, the twin lens reflex has a 
second focusing camera with a matched lens coupled to that of 
the taking camera so that both are focused in unison. 
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The magnifier is first focused on the hairs 
and fixed in that position. Next the lens is 
adjusted until a sharp image appears in the 
same plane as the hairs. 

In practice it is not always easy to keep the 
eye focused on the two things at the same time. 
But by moving the head slightly from side to 
side, it is easy to see when the hairs and the 
sharp image lie in the same plane. If they are 
not, one will appear to move in relation to the 
other as the head is moved; if they are in exact 
register, they will move as one. This extension 
of aerial focusing is known as parallax focusing. 

A pair of crossed glass wedges, recessed into 
the focusing screen so that the crossing point 
is exactly level with the focusing surface, can 
show up such a parallax effect automatically. 
When the image is not exactly focused, it 
appears split across the dividing line between 
the wedges, with the two halves displaced rela- 
tive to each other. Focusing in this way is 
visually the same as with a split-image range- 
finder. Many current miniature reflex cameras 
incorporate this feature. 

Double Image Focusing. When the lens is not 
focused properly, different parts form images 
in slightly different positions on the screen. 
The separate images may be fairly sharp but 
they all combine to form a blur. 

If a strip of opaque material is placed across 
the centre of the lens, about one-third of the 



BRACKETING. Top: Observe the image on the focusing screen 
and start from a setting with the near limit of the subject 
unsharp. Upper centre: Move the focusing control until the 
whole image appears sharp. Lower centre: Continue until the 
far part begins to become unsharp. Bottom: Set the focusing 
control midway between the positions corresponding to the 
beginning of unsharpness at each end. 


lens diameter in width, it will leave two images, 
formed by the left hand and right hand 
segments of the lens. These images will be 
sharper than the image formed by the whole 
lens, but they will be out of register unless the 
lens is correctly focused. 

The strip must be as close to the front surface 
of the lens as possible. The strip must, of course, 
be removed before the exposure. 

It is nearly always better to focus with the 
camera lens at its largest aperture, and stop 
down for the exposure later if necessary. At 
large apertures the depth of focus is small, so 
the transition from sharp to unsharp is much 
more rapid. The image is brighter and easier 
to see. An exception to this method is when 
using certain lenses, that shift their focus when 
the aperture is decreased. 

Bracketing. The image often appears reason- 
ably sharp anywhere inside a certain range of 
focusing movement. This is because the reso- 
lution of the screen and possibly the eyesight 
of the operator limit the degree of sharpness 
that can be appreciated. For most practical 
purposes it is enough to narrow down this 
range to a minimum by trial and then to set 
the focusing adjustment midway between the 
front and rear limits within which the image 
looks equally sharp. 

This method of focusing is called bracketing. 

Accurate focusing must take into account 
the whole of the image, not merely the central 
area. No lens is good enough to give the 
same standard of sharpness all over the plate; 
it is often impossible to focus the image sharply 
at the centre and the edges of the screen at the 
same time. When this happens, the bracketing 
method is used to set the lens midway between 
the positions that give maximum sharpness to 
the centre and the edges of the image. In this 
position over-all sharpness can then be achieved 
by stopping down the lens. 

Focusing by Scale. Nearly every camera has 
a focusing scale, even if it also has a focusing 
screen or a rangefinder. The scale is useful 
for action photographs. 

Where the whole lens is moved for focusing, 
the distance- through which it must be moved 
forward from its infinity position to focus it 
on a nearer object is given by the equation. 



where d = forward shift of lens from infinity 
position 

F = focal length of lens 
u = distance of object from lens. 

In practice the exact focal length of the 
camera lens is not very simple to measure. 
The value marked on the lens itself is usually 
good enough, but is not always accurate. 
Individual lenses may deviate slightly from 
their nominal focal length. 

By focusing first on infinity — i.e., a very 
distant object — and on an object say 3 feet 
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away, the exact focal length can be calculated 
from the equation: 



where F = focal length of camera lens 

d = lens extension for close-up focus 
(i.e. f difference between infinity 
and close-up settings) 

U = size of object 
V = size of image. 

All measurements must be in the same units; 
e.g., all in inches, or all in centimetres. 

With front-cell focusing lenses, calibration 
of the scale is much more complicated, and 
depends very much on the construction of the 
lens. The amateur can only calibrate or check the 
focusing scale of such a lens by trial and error. 

In most cases the lens-to-film distance is so 
small in comparison with the subject distance, 
that it does not matter whether the subject 
distance is measured from the front or the 
back of the camera. But for accurate work, 
particularly for close-ups, the subject distance 
should be measured from the front of the 
lens, or still more exactly from the forward 
nodal point (approximately one-third of the 
thickness of the lens from its front surface). 

A few cameras, however, carry a warning 
that all distances must be measured from the 
plane of the film. 

Where the camera is focused by scale, the 
actual subject distance must either be measured 
separately, or estimated (e.g., by assessing the 
size of an average person in the viewfinder). 

With action subjects where the distance may 
change suddenly, the focusing scale is best used 
in conjunction with a depth of field indicator 
to select suitable zone focus settings rather 
than exact subject distances. 

Rangefinder Focusing. In focusing by range- 
finder, the photographer either sets the lens 
focusing scale to the distance given by the 
rangefinder (where a supplementary, or non- 
coupled rangefinder is used) or the act of 
adjusting the rangefinder automatically focuses 
the lens on the subject (where the camera has 
coupled rangefinder focusing). 

In any case, the rangefinder must first be 
adjusted to read the subject distance. Generally 
this means moving a lever or turning a wheel 
to produce coincidence between either two 
overlapping images or two halves of a split 
image. The point of coincidence is easy to 
recognize in good light but it may be impossible 
when the light is poor. 

It always helps if the part of the subject to 
be focused on includes a well-defined edge — 
e.g., the profile of a face, a gatepost, or the 
branch of a tree. If the important area con- 
tains no such clear line, as for instance when 
the subject is a fluffy kitten on a plain carpet, 
then the finder should be ranged on the edge 
of some other convenient object at the same 
distance. 



RANGEFINDER FOCUSING. The rangefinder measures the 
subject distance by the convergence of two rays from the ends 
of a fixed base, as observed by the coincidence of two images. 

Where, in addition to the subject itself, 
objects in front and behind rfiust also be 
rendered sharply, a single reading of the 
rangefinder is not enough. It is first set for 
the nearest object that must appear sharp, and 
the distance read off the scale. The same 
thing is done for the most distant sharp object. 
The depth of field scale is then examined to 
find what lens aperture and focusing setting 
will just include these distances, and the 
camera is adjusted accordingly. 

The distance on the focusing scale under 
these conditions may not be the same as the 
rangefinder reading of the subject distance, but 
it will be the setting that includes the subject 
in the field governed sharply by the lens. 

Close-up Focusing. With near subjects accurate 
focusing becomes specially important. There 
the ideal method is screen focusing on a plate 
or reflex camera. 

Various accessories are available for other 
camera types to establish the correct subject 
distance. The simplest may take the form of 
distance gauges for use with specific supple- 
mentary lenses or extension tubes. More 
elaborate systems feature accessory range- 
finders and rangefinder adaptors for cameras 
fitted with a rangefinder, or reflex housings 
and focusing stages to convert a miniature 
camera for ground glass screen focusing. 
Uncorrected Lens Adjustment. A lens that has 
not been corrected for chromatic aberration 
may still be used for normal photography by 
moving the lens nearer to the plate after 
focusing the image visually. 

The yellow rays are visually the strongest 
when focusing the image; when these are sharp 
on the focusing screen, the blue, photographic- 
ally more active, rays are focused sharply on a 
plane slightly in front of the visual image. The 
exact position of the blue-sharp plane must be 
found by trial and error, but for most chroma- 
tically uncorrected lenses it is displaced approxi- 
mately l/40th of the distance of the plate from 
the lens. 

To arrive at a reasonable point for starting 
experiments, the image should be focused 
visually — preferably with a magnifier. 
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The camera extension is then measured, and 
the lens moved back from 1/30 to 1/40 of the 
distance. A series of exposures should then 
be made at, in front of, and behind this 
distance to find the point of maximum sharp- 
ness. For the final exposure the lens should 
be worked at a very small aperture. 

As only the image formed by the blue rays 
is in focus, all the other unsharp rays must be 
prevented from registering on the plate. This 
means either using a plate that is insensitive to 
all but blue rays — i.e., a blue-sensitive process 


type plate, or fitting a deep blue filter in front 
of the lens to allow only blue rays to reach the 
plate. Either of these measures makes for 
long exposures so that the method is only 
suitable for still subjects. L.A.M. 


Sec also: Circle of confusion; Close-ups; Depth of field: 
Depth o f focus; Extension o f camera; Focusing ( automatic ) ; 
Focusing mechanism; Focusing stage; Reflex attachment; 
Supplementar y lens; Zone focusing. 

Books: All About Focusing, by F. W. Frerk (London); 
Depth of Focus, by A. Cox (London); Focusing, by E. S. 
Bomback (London). 


FOCUSING (AUTOMATIC). Term some- 
times applied to the various systems of range- 
finder coupled focusing in which setting 
the rangefinder for a given subject automati- 
cally focuses the lens on it. Strictly speaking 
none of these systems is automatic. With true 
automatic focusing the lens is focused sharply 
on a given subject and thereafter holds it in 
focus, without manual control, even when its 
distance alters. 

There are several possible lines of approach, 
but so far no one has produced a commercially 
acceptable system. One method which has been 
made to work is based on an optical automatic 
ranging device applied, among other things, to 
instruments for warning blind people of the 
existence and position of obstacles in their way. 

The principle is as follows: a photocell is 
set up behind a wide aperture lens and some 
distance back from the focal plane. A disc of 
transparent material is set across the focal plane 
of the lens so that rays of light from the lens 
pass through the edge of the disc before falling 
on the photocell. Equally spaced radial lines 
are ruled on one half of each of the two faces 
of the disc so that, as the disc is turned, light 
rays from the lens are interrupted by lines on one 
side of the disc during half a revolution and by 
lines on the other side for the next half revolu- 
tion. Therefore the photocell receives a series 
of intermittent light pulses and generates a 
fluctuating voltage which can be amplified. 



AUTOMATIC FOCUSING. When t tie point of sharp focus lies 
between the faces of the interruptor disc, the cell produces an 
even current. At any other focus setting the interruptor disc 
produces an unbalanced signal and energizes a synchronized 
servo motor to shif t the focus setting. 


The magnitude of the fluctuations will 
depend on how intensely the rays of light are 
focused at the point where they are interrupted. 
If the rays are sharply focused, then there will 
be a relatively sudden fall in the photocell 
voltage as the lines interrupt them. If the rays 
are blurred and out of focus, the rate of 
change of the photocell volts will be much 
slower. So the amplified output of the cell will 
be greater for a sharply focused image than 
for one that is not so sharp. 

If one face of the interrupter disc lies in the 
plane of sharp focus of a particular image 
point, then that side will generate a higher 
voltage fluctuation. If the sharpest image lies 
exactly between the faces — i.e., inside the 
thickness of the disc — then the voltage fluctua- 
tions generated by each set of interruptions will 
be the same. So by connecting the amplified 
and rectified voltages alternately to opposing 
field coils of a servo motor, the system can be 
made self-balancing. If the image is focused 
closer to one side of the disc than the other, 
the signal from that side overpowers the other 
and energizes the motor. The motor, which 
is coupled to the focusing mechanism, starts 
up and moves the lens towards the side of 
the disc giving the weaker signal. As it moves, 
the signal from that side grows stronger 
and the signal from the controlling side grows 
weaker. As soon as the two signals balance — 
i.e., when the plane of sharp focus lies between 
the two faces of the disc — the servo motor 
comes to rest. 

It is a simple matter to couple the motor drive 
to the focusing system of the actual taking 
camera so that it keeps the same image focused 
on the sensitized material. Once the required 
subject is brought roughly into focus, the 
automatic gear will take over and complete the 
finer focusing. From then on, the system will 
keep the subject in focus. F.P. 

FOCUSING CLOTH. Square of opaque 
cloth, often lined with black velvet, which is 
draped around the focusing screen and over the 
head and shoulders of the photographer to shut 
out all light but that of the image on the ground 
glass. When not in use it provides a convenient 
light-tight wrapper for the loaded plate holder. 
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FOCUSING MECHANISM 


All cameras (apart from the fixed focus 
types) must have some means of focusing — i.e. 
of setting the lens at the correct distance from 
the plate to give a sharp image of the subject to 
be photographed. There are several ways of 
doing this; any one of them to be efficient must 
fulfil the following requirements: it must be 
free from backlash and play, and it must 
maintain the lens rigidly in a plane parallel 
with that of the sensitive material. 

Most, but not all, focusing arrangements are 
associated with a scale that shows, for every 
position of the lens, the distance in feet or 
metres from the camera at which objects will be 
sharp on the negative. 

Rack and Pinion Focusing. Most of the older 
types of camera, and almost all cameras taking 
half-plate or larger negatives, focus by rack and 
pinion. The lens, in such cases, is attached to a 
panel strutted at right angles to a movable 
slide running in guides on the baseboard. A 
brass strip let in to the underside of the slide 
carries teeth that engage with a pinion turned 
by a thumb-wheel at the side of the baseboard. 
Turning the thumb-wheel moves the slide in or 
out. On large cameras the slide is moved by a 
rack and pinion at each side of the baseboard to 
prevent it from binding in the guides. 

Generally, the lens panel can be set up and 
locked anywhere along the slide, and once it is 
roughly in position the rack and pinion 
focusing is used for the final adjustment. This 
arrangement has the added merit of doubling 
the available camera extension and also 
providing for lenses of long and short focal 
length. 

Rack and pinion focusing is satisfactory 
where the amount of lens movement is relatively 
large — i.e. on say, a whole-plate field camera 
where the lens moves forward nearly four 
inches from the infinity position to focus on 
3 feet. But it is not accurate enough to be 
satisfactory on smaller cameras where, for 
instance, a 2 ins. lens moves forward only a 
little more than one tenth of an inch from 
infinity to focus on 3 feet. To give comparably 
fine adjustment on the smaller camera the 
diameter and tooth sizes of the pinion would 
have to be scaled down so far that the parts 
would not be strong enough for their work. 
Other Methods of Shifting the Lens Panel. On 
process and copying cameras, the rack and 
pinion arrangement is sometimes discarded for 
a nut and leadscrew combination, where the 
nut is attached to the slide and the leadscrew 
is turned by a handle or handwheel at the back 
of the camera. With this set-up, the operator 
can stay in one position for focusing 
irrespective of the position of the lens panel 
on the slide. 

On some hand cameras where the focusing 
scale extends only from infinity down to 3 or 4 
feet, the lens panel is moved by a lever pivoted 


on the baseboard. The operating arm of the 
lever is relatively long and moves over a 
calibrated focusing scale. In this way it is 
possible to have an open and easily read scale 
even though the movement of the lens is no 
more than a small fraction of an inch. 

Focusing Lens Mount. Where the amount of 
focusing movement required is no more than 
an inch or so and on all cameras where there is 
no separate lens panel (such as on most 
miniatures and self-erecting cameras) the 
focusing lens mount is the most convenient 
arrangement. 

The simplest focusing mount consists of two 
closely fitting sections of tube sliding one inside 
the other, one holding the lens, and the other 
being flanged to attach to the front panel. This 
type of simple mount is good enough for visual 
focusing, but the backwards and forwards 
movement is too small to allow for accurate 
calibration. 

But if a helical groove is cut in one tube and 
made to engage with a pin in the other, a large 
rotary movement of the lens can be made to 
produce a relatively small forward shift. This 
is the principle of the helical focusing mount 
which is widely used in one form or another. 

The helical focusing mounts on modern 
cameras may have either three helical grooves, 
or the groove and pin arrangement may be 
replaced by the more accurate, but more 
expensive, multiple-start screw-thread. 

As the rotary movement of the helical screw 
is so much greater than the forward shift, it is 
possible to mark off a very accurate scale 
around the edge of the mount — the shift from 
infinity down to 3 feet generally covering about 
three parts of a full turn. 

The arrangement described suffers from the 
disadvantage that the lens itself rotates, so it 
cannot be used with a between-lens shutter. It 
is also inconvenient with rectangular lens 
hoods, and it is confusing when a change in 
aperture has to be made after focusing. For 
this reason some cameras have a modified 
mount in which a focusing ring around the 
mount is rotated, but the lens itself moves 
directly in or out. It is difficult to make such 
mounts accurate and they are found only on 
expensive cameras. 

Front Element Focusing. Many hand cameras— 
particularly the less expensive types — employ 
front element focusing in which the focal 
length of the lens is altered instead of its 
distance from the sensitive surface. This is done 
by moving the front element of the lens 
forward, and for this purpose the lens mount is 
split and the front element is set in a helical 
mount. As the front element of the lens is 
rotated, the separation between the lens 
elements increases, and the focal length 
shortens. The back element of the lens does not 
move, but as the lens now has a shorter focal 
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FOCUSING MOVEMENT. Left: A rack-and-pinion movement 
racks the lens panel forward and backward. Right: An alter- 
native system moves this panel by a pivoted focusing lever. 

length, it is now in front of its infinity position 
— i.e., it is focused on a closer distance. 

The focusing scale is engraved around the 
rim of the lens, where a relatively large amount 
of rotation corresponds to a small shift of focus. 

Although front element focusing is cheap 
and convenient, it is not by any means ideal. 
Its greatest drawback is its effect on the 
aberrations of the lens. These cannot be highly 
corrected over the whole range of lens element 
separations and an average value of correction, 
which is always something below the best, 
must be accepted. 

Front element focusing, like helical mount 
focusing, complicates the use of such things as 
rectangular lens hoods, graduated filters and 
polarizing filters. 

Focusing Back. It is not always necessary or 
desirable to focus a lens by moving it back- 
wards or forwards. Alternatively, the sensi- 
tized material itself may be moved closer or 
farther from the lens to obtain the correct 
focus. This arrangement is made possible on 
some cameras by means of a focusing back — 
that is. the back of the camera can be moved to 
alter the lens-to-emulsion distance. This is 
effected by a normal rack and pinion mechan- 
ism; the rack used for focusing the lens 
normally is commonly made long enough to 
serve the back mechanism as well. 

The principal advantage of the focusing back 
is that the image size on the focusing screen 
does not undergo great changes of size when 
brought in and out of focus — as occurs when 
focusing the lens itself. This is of importance 
when setting-up the camera to reproduce a 
particular image size: the camera distance is 
adjusted until the image on the screen is the 
required size and can be then focused with 
the back without upsetting the image size very 
much. 

Most field and technical cameras are fitted 
with a focusing back. 


The Focusing Scale. There is no standard 
system for calibrating focusing scales. One very 
good reason for this is that the number of 
divisions of the scale that are necessary 
between infinity and the closest focusing 
distance varies according to the focal length of 
the lens. 

At the same aperture, a lens of 5 cm. focal 
length has twice the depth of field of a lens of 
10 cm. focal length, so that it needs only half 
the number of subdivisions of its focusing 
scale for the same accuracy in focusing. 

Very short focus lenses can, in fact, dispense 
with a focusing scale altogether. Instead, they 
can be focused quite satisfactorily in zones. 
The whole focusing scale is split into two or 
three zones, classified as near and distant, or 
near, midway and distant, and generally 
marked on the scale for convenience with 
coloured spots. 

Long focus lenses, on the other hand, cover 
a relatively narrow depth of field and call for a 
focusing scale calibrated in short steps up to 
distances of several hundreds of feet in order to 
be sufficiently accurate. 

Calibration. Where the focusing scale of a 
camera has been damaged or lost, it is a fairly 
simple matter to calibrate a substitute, 
especially where the focusing adjustment has 
an infinity stop — as it usually has. (If there is no 
stop, the infinity position can be found by 
putting a piece of ground glass in place of the 
plate or film, and focusing visually on a distant 
row of trees or buildings.) 

The distance (d) that a lens of focal length 
(f) must be moved forward from the infinity 
position to focus sharply on any object at 
distance (u), is given by the formula: 



If f is in inches, d and u must also be in inches. 



HELICAL FOCUSING MOUNT. The lens unit moves forward as 
a whole in a screw mount running in a similar thread in the 
camera body. Easy to couple to rangefinders. Left: Infinity 
position. Rifht: Focused on near distance. 


502 


FOC 



FRONT CELL FOCUSING MOUNT. The rear components of the 
lens ore fixed, but the front celt screws in and out, varying the 
separation between the elements and thus the focal length. 
Left: Infinity position. Right: Close-up position. 

Depth of Field Scale. Many cameras, in 
addition to a focusing scale, cany an indicator 
that shows the near and far limits of the depth 


of field of the lens at any particular aperture. 
The depth is often shown on the half of the 
focusing scale carrying the reference arrow. 
On each side of the arrow are scales correspond- 
ing to the lens aperture numbers. The positions 
of the pairs of aperture numbers indicate the 
limits of the depth of field on the adjacent 
focusing scale. For example, with a 90 mm. 
lens, focused on 10 feet, the upper scale would 
show /8 on the depth scale opposite 8 feet on 
the focusing scale, and on the lower scale (on 
the other side of the focusing reference arrow) 
/8 on the depth scale would appear opposite 
12 feet on the focusing scale. This system of 
marking shows at a glance that when the lens is 
focused on 10 feet and stopped down to/ 8 the 
depth of field extends from 8 feet to 12 feet. 
The depths at other apertures are shown in the 
same way opposite the relevant aperture values. 

Where the depth of field is not shown 
directly on the lens mount in this way, it is 
often given in the form of a table engraved on a 
metal plate and attached to the side or back of 
the camera body. F.P. 

See also: Camera movements. 


FOCUSING SCALE. Scale of distances 
marked on the focusing mechanism of a 
camera. When a particular distance is opposite 
the scale reference arrow, the camera lens is 
focused sharply on all objects at that distance. 

FOCUSING SCREEN. Sheet of ground glass 
mounted in a frame and fixed in the camera in 
such a position that the camera lens forms a 
visible image on its ground surface. 

In the normal types of screen-focusing 
cameras, the screen can be slid or swung away 
to allow the sensitive material to take its place. 
In the reflex camera the screen is fixed in the 
top of the camera and the rays of light passing 
through the lens are reflected on to it by a 
hinged mirror. 

In each case the ground surface of the screen 
lies at exactly the same distance from the lens 
(measured along the optical axis) as the surface 
of the sensitized material. So that when the 
image is focused on the screen, an identical 
image will be formed on the surface of the 
sensitized material. 

The clarity of the image on the screen is 
greatly affected by the texture of the ground 
surface. A coarsely ground screen gives a bright 
and well-distributed image, but it does not 
permit really fine focusing because the 
definition is limited by the granularity of the 
screen. A finely ground screen will give critical 
definition, but the illumination tends more and 
more to be confined to a small area of the screen 
lying on a line from the observer’s eye to the 
back of the lens. 

To counteract the drop in image brightness 
from the centre to the edges of a focusing 


screen, a field lens is often used. This is a very 
thin Fresneli lens which evenly distributes the 
screen brightness. 

In place of ground glass, some modern 
screens have a specially grained texture — often 
impressed in a plastic sheet. A combination of 
this with the Fresnel field lens principle has 
been used in some cameras to produce a 
particularly fine and evenly brilliant screen 
image. 

Focusing screens often have pencilled grid 
lines to aid composition. 


FOCUSING STAGE. Accessory for miniature 
cameras and other models with interchangeable 
lenses (except reflex cameras) to permit accurate 
focusing on a ground glass screen when taking 
close-ups or photomicrographs. 

Construction. The main parts of a focusing 
stage are: 

(1) A ground glass screen housing, usually 
with a focusing magnifier. 

(2) A camera holder. 

(3) Provision for holding the lens, usually 
with a focusing mount incorporated. 

(4) Provision for moving the ground glass 
screen housing and the camera body alternately 
into position behind the camera lens. 

Focusing stages are always designed for 
specific cameras, but the principle is the same 
in each case. The ground glass screen housing 
is mounted on a movable platform together 
with the camera (without its lens). The housing 
is accurately matched to the camera, so that 
the distance from the subject to the ground 
glass screen is exactly the same as the distance 
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FOCUSING STAGE. A sliding platform carries tho camera to- 
gether with a ground-glass screen housing. After focusing on 
the screen the camera moves into place behind the lens. 

from the subject to the focal plane of the 
camera. 

The focusing magnifier may be a vertical or 
an inclined or right-angle one. Vertical magni- 
fiers yield an upright but laterally reversed 
image; inclined and right-angle magnifiers 
incorporate a mirror or prism reflecting system 
above the ground glass screen and form an 
upright image which may be laterally reversed 
or right-way-round. Since focusing stages are 
mostly used for copying, the orientation of the 
image is not vitally important and the viewing 
direction is largely a matter of convenience 
with the particular set-up. In most cases the 
magnifiers are interchangeable. 

For normal work, the power of the magnifier 
is about 4-5 x but for fine focusing, high power 
magnifiers (up to 30 x ) are available. 

The camera holder keeps the camera firmly 
fixed and accurately aligned alongside the 
focusing screen on the movable platform. 

The movable platform permits either the 
camera or the focusing screen to be brought 
into position over the lens. The movement 
may be sliding or rotary. Instruments of the 
latter type are often called focusing turrets. 
Some types of focusing stage dispense with the 
movable platform altogether; the ground glass 
screen housing or the camera is simply screwed 
or clamped in position on the lens housing. 
Using the Focusing Stage. The focusing stage 
is generally set up so that the camera points 
vertically downwards, though it may equally 
well be used horizontally. Camera and lens 
are fitted in position; the ground glass focusing 
screen is normally a part of the stage. With the 
ground glass screen housing in position behind 
the camera lens, the image is focused on the 
screen. The camera body is now moved over 
to replace the screen housing behind the lens. 
This usually requires a simple movement of the 
sliding or rotating platform. The exposure is 
then made by releasing the camera shutter in 
the normal way. 

Owing to the unavoidable separation be- 
tween the lens flange and the camera, the lens 
cannot normally be focused on infinity. Special 
ways of mounting the lens — e.g., by fitting a 


short barrel to a lens of long focal length — are 
adopted to overcome this limitation. 

Focusing stages are more often used for 
close-up photography and copying, where the 
extraextension (about 4 in.) is necessary anyway. 
Additional extension tubes or bellows extension 
units are employed to obtain larger scales of 
reproduction. Focusing is carried out with the 
normal focusing barrel of the lens, or a special 
focusing mount between the lens and the stage. 

The focusing stage is often the basis of a 
more extensive copying outfit incorporating an 
easel, support pillar, and lighting system. 

By coupling the focusing stage to the tube 
of a microscope with an adapter, it can be 
used for photomicrography. When the stage 
forms part of a camera system, a suitable 
adapter is generally listed as an optional 
fitting. Usually a clear glass “aerial” focusing 
screen is also available. L.A.M. 

See also : Reflex housing . 

FOCUSING TURRET. Form of focusing 
stage, with the ground glass screen holder and 
the camera mounted on a rotating, instead of 
a sliding platform. 

FOG (ATMOSPHERIC). Mist is composed 
entirely of water-vapour particles and occurs 
in both town and country; fog is mist plus 
smoke (or more rarely, fine dust), so it occurs 
almost always in densely populated and 
industrial areas. The smoke particles are dark 
brown or black, therefore they tend to absorb 
all the light that falls on them. Under these 
circumstances, even deep filters make little 
improvement to the clarity of the picture since 
even the red and infra-red rays are absorbed. 

Photography in fog, as in mist, is a matter 
of broad effects. In fog, however, the lights 
of street lamps, torches, vehicles and shops, 
offer possibilities which are often exploited for 
pictorial effects. 

Exposure. There are no very definite rules for 
exposure in fog. So much depends upon the 
kind of result aimed at, the nature of the 
subject and its distance from the camera. 

The exposure is not critical; a very wide 
range of values will give acceptable results. In 
general, exposures tend to be lengthy and it is 
always advisable to use a fast panchromatic 
film. 

Technique. To derive the greatest pictorial 
benefit from fog and mist, the following 
technique is advised. 

Keep one object, preferably dark-toned, in 
the immediate foreground of the picture, as this 
helps to accentuate recession of planes and 
adds a “stepping-stone” for the eye into tht 
picture beyond. An archway, statue, column 
tree, etc., is suitable for this. If the fog is in 
sufficiently dense to divide near-at-hand planes 
use a diffusion disc on the lens. No exposuri 
increase is needed. Should the subsequent print 
still exhibit too much definition and clarity. 
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reprint, using the diffusion disc on the enlarging 
lens. Contrasts are flattened by this treatment, 
and paper one grade harder is required to 
counter the lack of dark tones. 

The sun, in trying to break through, gives 
heightened effect on moist roof-tops and 
masonry. A viewpoint which gives oblique 
back-lighting is recommended. This produces 
unusual colour pictures too. 

Photographing lighted street lamps, shop- 
windows, etc., in colour in fog during the day is 
mixing light of different colour-temperatures; 
however, it comes off very well in many 
instances. 

Since visibility is limited, subject-interest 
should not be farther than 30-50 feet away from 
the camera, according to density and lighting. 
Use of flash, unless much nearer the object 
than the camera, has little to commend it. A 
strong beam of light, as from car headlamps, 
can give dramatic spotlight if falling at a suit- 
able angle on to a person, obelisk, building, etc. 
Limitations. Contact prints cannot do justice 
to pictures taken in fog and mist; consequently 
such negatives must always be enlarged. One or 
two in an album or collection are attractive and 
“different”, more are apt to depress and defeat 
their own purpose. 

It is best to have a definite location and 
subject in mind before venturing with a camera 
in the fog — two or three hours wandering is 
conducive to chills and colds. Remember that 
mist and fog are damp, and prolonged exposure 
to them will mean that the camera has to be 
dried afterwards. P.J. 

See also : Mist. 

FOGGING. Fog or veil is any visible deposit 
or density in the negative or print not forming 
part of the photographic image. Several kinds 
of fog can be distinguished. 

(1) Optical fog, caused by the action of 
unwanted light. 

(2) Development fog caused by excessive 
silver deposit during processing. 

(3) Chemical fog caused by unwanted 
reactions in the processing solutions (e.g., 
aerial fog). 

Optical Fog. Unwanted light may reach the 
sensitive material: 

(1) During loading or unloading the camera. 

(2) In the camera itself. 

(3) During handling in the darkroom. 

(4) Due to unsafe darkroom illumination. 

(1) Fog can be caused during loading and 

unloading of roll films if the spool is allowed 
to unroll itself partly after being unsealed or 
before being sealed up. The light then pene- 
trates round the edges of the film and gives 
rise to patches of density extending from the 
edge and getting lighter towards the middle 
of the film. 

Loading or unloading a film in brilliant sun- 
shine carries a similar risk; this may also show 
itself on the first few frames of a 35 mm. film 
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if the cassette opening is not absolutely light- 
tight — e.g., bacause the velvet is worn. 

Plate holders may similarly develop light 
leaks, especially through a faulty velvet light- 
trap. These produce thin streaks of fog across 
the negative, heaviest near the end where the 
dark slide is withdrawn. 

To avoid fog from these causes, roll films 
should be loaded and unloaded carefully in 
subdued light or in the shade; 35 mm. cassettes 
should not be reloaded indefinitely (except 
special types designed for the purpose); and 
plate holders should be examined periodically 
for leaks and have the velvet brushed or 
renewed if necessary. 

(2) Light leaks in the camera itself produce 
irregular fog patches on the negative. The 
shape and position of these patches will 
usually give some clue to the location of the 
light leak. 

The most common leaks occur in the bellows 
of folding cameras, but may also be traced to 
badly mounted lenses, or to an unsafe film 
window or to damage to the camera. 

Scattered light and flare inside the lens also 
produce fog. This may be a thin general fog, 
or it may form patterns and patches due to 
reflections inside the lens when photographing 
against the light. Both types are greatly 
reduced with coated lenses. 

A dirty lens also scatters light. 

All these types of fog (except those arising 
from leaks in the camera back) are character- 
ized by the fact that they extend only to the 
limits of the image frame, but not into the 
margins of the film or plate which are normally 
clear. 

(3) Stray light due to leaks, flare, and 
scattering can reach the paper on the enlarger 
baseboard during enlarging. This is analogous 
to stray light in the camera, and can be pre- 
vented by seeing that the enlarger lamphouse 
is light-tight, by avoiding bright reflecting 
surfaces on or near the enlarger, by masking 
the negative in the negative carrier to the actual 
area required, and by using a coated enlarging 
lens. 

(4) Unsafe darkroom illumination due either 
to use of a safelight which is too bright or of 
the wrong colour: too long exposure of the 
material to it will produce over-all fog or 
uneven patches. Generally materials are more 
likely to be fogged before processing than after 
they have been in the developer for some time. 

Fog of this nature is avoided by using the 
correct type and strength of safelight and 
keeping the material at the recommended 
distance from it. Panchromatic films and plates 
which are to be developed by inspection are 
best desensitized first. 

Unsafe darkroom lighting also gives rise to 
several peculiar fog phenomena, such as the 
Sabatier effect and partial reversal of the image, 
while an unsafe red safelight may even destroy 
part of the latent image. 
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Development Fog. Development fog is the 
result of the development of unexposed silver 
halide grains. A special kind of development 
is also caused by the deposition of silver from 
the developer. 

All emulsions contain a certain proportion 
of silver halide grains which are reduced to 
silver without exposure to light. This is the 
basic fog density and depends on the nature of 
the emulsion (e.g., high-speed panchromatic 
films usually have a higher basic fog density 
than slow process plates). It can, however, be 
influenced by storage conditions, by the 
activity of the developer, and by the use of 
restrainers or developer improvers. 

Unsuitable storage increases the number of 
developable but unexposed silver halide 
crystals — often unevenly — and causes local or 
general fog. 

Overactive developer, protracted develop- 
ment (including development to finality), and 
too warm a developer reduce a proportion of 
the unexposed silver halide crystals and 
usually give rise to general fog. 

Potassium bromide reduces the activity of 
the developer and inhibits the development of 
unexposed salts. Developer improvers have a 
similar effect and will often also counteract the 
tendency of stale materials to become fogged. 

Certain fine grain developers, particularly 
those incorporating a silver solvent, deposit 
silver on the image from the solution. A certain 
amount of this silver also tends to be deposited 
all over the film or plate as a general fog. 
Chemical Fog. This covers all types of fog 
caused by side reactions in the developer and 
fixer. Two general groups can be distinguished 
(both may occur together): 

(1) Silver deposits. 

(2) Chemical stains. 

(1) Silver deposits may be grey or coloured, 
depending on the fineness of the deposit. One 
well-known form is dichroic fog, which appears 
reddish by transmitted light and bluish green 
by reflected light. The main causes are: 

Silver deposition from the developer: this is 
similar to the silver deposited by solvent 
developers, but it is more uneven and may be 
caused by contamination of the developer by 
fixing salts. 

Silver deposition from the fixer: this may be 
the result of an excessive concentration of silver 
salts in an exhausted fixer. Alternatively, if the 
fixer is not sufficiently acid (because large 
amounts of developer have been carried over 
into it) parts of the image will go on developing 
in the fixer and produce solvent fog. 

To prevent this type of fog, the fixer must 
not be overworked and special care should be 
taken to avoid contamination of the developer 
by fixing chemicals. A good rinse between 
development and fixing will prevent con- 
tamination of the fixing solution by developer. 

(2) Chemical stains can also form in the 
developer or fixer. The commonest cause is 


aerial oxidation of the developer, from too 
much exposure to air during development. 
The oxidation products of certain developing 
agents (notably hydroquinone, pyro, and pyro- 
catechin) are strongly coloured and have 
marked staining properties. Such stains are 
particularly disturbing with prints, as the paper 
base easily takes and shows the stain. A general 
stain in a negative is less troublesome; in fact 
some developers (e.g., pyro-metol) are designed 
purposely to produce such a stain to improve 
printing quality. 

Usually, however, such stains are not popular 
on negatives since they make estimation of 
printing exposures difficult. Also, stains of this 
nature are frequently uneven, and will thus 
show up in the form of patches on the print. 

To avoid aerial oxidation, the material must 
not be exposed too much to the air during 
development, and prints must not be over- 
developed (certain contact papers are specially 
sensitive in this respect). Developers with too 
low a sulphite content have the greatest 
tendency to produce stains. 

Aerial oxidation can also occur in the fixing 
bath if it is not sufficiently acid — e.g., because 
of carried-over developer. A stop-bath between 
development and fixing (with prints an acid 
stop-bath) helps to prevent this fog from 
forming. 

Too warm or too exhausted a fixing bath, 
especially one of the acid-hardening type, may 
produce uneven fog by toning parts of the 
image brown. This reaction is similar to that 
of the hypo-alum toner. 

Removal of Fog. Uniform fog, provided it is 
not too strong, is not usually troublesome in 
negatives. If it is due to silver deposits, it can 
generally be removed by a weak reducer. For 
prints, a thiocarbamide reducer can be used; 
for negatives. Farmer’s reducer is usually most 
convenient. 

Chemical fog caused by oxidation will often 
disappear if the image is bleached in a perman- 
ganate bleacher and redeveloped in a non- 
staining developer (but not a fine-grain 
formula). 

Restoring Unused Fogged Materials. Any plates, 
films and bromide paper that have been 
accidentally exposed to light may be made 
usable by soaking for five minutes in either of 
the following solutions. 


Chromic acid 
Potassium bromide 
Water to 


1 10 grains 
220 grains 
40 ounces 


6-2 grams 
12-5 grams 
1,000 c.cm. 


Potassium bichromate 
Hydrochloric acid 
Water to 


160 grains 
t ounce 
40 ounces 


8-3 grams 

25 c.cm. 

1 ,000 c.cm. 


The treatment should be followed by 
thorough washing and drying and the whole 
process must be carried out in darkness. The 
speed of the material should be rated at 1 / 5 to 
1/1 Oof the original figure. L.A.M. 

See also : Faults; Keeping qualities of materials. 
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FOG LEVEL. Basic density of fog produced by 
development of a sensitized material without 
exposure. The minimum density of the photo- 
graphic image produced by exposure must be 


sufficiently above the fog level to show detail. 
Paper prints should have no fog level at all, 
or the highlights will appear degraded. 

See also : Fogging; Speed of sensitized materials. 


FOLDING CAMERA 


All the early cameras had to fold because 
they used such large plates that a rigid body 
would have presented serious problems in 
transport and storage. But today the term is 
restricted by usage to cameras of the quarter- 
plate (3i x 4i ins.) or smaller sizes. 

Sizes. TTie majority of folding cameras in the 
popular class take size 120 or 620 roll film and 
yield 8 exposures 21 x 3£ ins. (6x9 cm.) or 
2J x 21 ins. (6x6 cm.). A number of models 
are also made for 16 exposures If x 21 ins. 
(4-5 x 6 cm.) on the same size of film. Certain 
types will take two picture sizes, e.g., 2} x 3J 
ins. and 2 J x 21 ins. or 2i x 3J ins. and 1 8 x 
2J ins., by means of a thin metal mask inserted 
into the film aperture. Sometimes this mask is 
built in, and folds away into the film chambers. 

The next most popular film is size 127 for 8 
exposures If x 2f ins. (4 x 6-5 cm.). Reduced 
picture sizes (e.g., 12 exposures If x If ins. 
or 4 x 4 cm. and 16 exposures If x If ins. 
or 3 x 4 cm.) are rarer but exist. Cameras 
taking other roll film sizes (e.g., 116, 616, 29, 
etc.) are virtually obsolete. 

An appreciable number of precision folding 
cameras use 35 mm. miniature film. These are, 
however, miniature cameras in all respects and 
will not be considered here. 

The folding camera is nowadays the major 
concern of the popular camera industry. The 
simplest type of f olding camera is simply a box 
camera designed to go into a smaller space. 
Each manufacturer has added his own improve- 
ments to this basic type, but most of the major 
developments are common to all makes. 
Construction. The classical folding camera is 
a shallow box, one side of which hinges out- 
wards and can be locked at right angles to the 
body to form a baseboard. This baseboard 
supports the lens and shutter when open, and 
protects them when closed. A light tight 
bellows joins the lens panel to the body. The 
back of the body has either an attachment for 
plate holders and a focusing screen, or if it is a 
roll film camera, spool chambers, a pressure 
plate, film guide, and number windows. Some 
folding cameras are made to take both films 
and plates. 

The lens panel can be moved to and fro to 
focus the lens. Focusing is generally from 
3 feet to infinity, but on double and triple 
extension types the baseboard telescopes out 
to give increased extension for close-up 
photographs. 

Most folding cameras for popular use have 
a self-erecting lens mounting that springs into 
position automatically when the baseboard is 


released. Once in position the lens is focused 
either by rotating it in a helical focusing 
mount, or moving it bodily by a lever acting 
on the self-erecting mechanism. Sometimes 
there is no hinged baseboard and the lens 
panel simply springs forward into position on 
a lazy-tongs device. 

Folding cameras for technical or close-up 
work, however, still retain the baseboard and 
guide rails because it is not possible to incor- 
porate the necessary double extension and 
rising and cross front in a self-erecting lens 
panel. 

Optical Equipment. Normal folding roll film 
cameras are fitted with 3- or 4-element lenses 
of triplet construction and maximum apertures 
from / 6-3 (/ 8 or 1 1 in simplest models) to 
/3-5 or / 2-8. Certain precision cameras of this 
type may also feature more advanced 5-element 
lens systems. 

Normally the lens is not interchangeable 
(folding, press and field cameras are exceptions), 
but the standard models of most makes are 
available with a choice of lenses and shutters 
to suit different price levels. 

Many folding cameras in the expensive class 
have a built-in rangefinder coupled to the lens 
through the self-erecting mechanism. Adjust- 
ment of the image of a particular object in the 
rangefinder automatically focuses the lens on 
that object. The rangefinder is adjusted by a 
lever or knob on the camera body. 

On a number of models, a rangefinder is 
built in but not coupled to the lens. Measure- 
ment of distance and focusing involves two 
operations, as with a separate rangefinder. 

The better folding cameras almost always 
have direct-vision optical viewfinders. 

Some cameras with coupled rangefinder 
focusing use the same window for rangefinder 
and viewfinder. In this way no time is wasted 
in shifting and refocusing the eye between 
adjusting the rangefinder and taking the 
photograph. 

Shutter Equipment. Amateur folding cameras 
almost invariably carry a between-lens dia- 
phragm shutter. The simplest versions have 
2- or 3-speed types with X-synchronization, 
advanced models feature 4-speed to 10-speed 
shutters with maximum speeds up to 1/500 
second and XM-synchronization. 

Up to recent years, the shutter release was 
always a part of the actual shutter mechanism. 
It was often a small projecting lever, difficult 
to locate, and by no means standardized in its 
method of operation. Nowadays the shutters 
of the better folding cameras are released by 
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TYPICAL FOLDING ROLL FILM CAMERA. Top left: General view against l in. square grid. Centre left: Side view with camera half 
closed. Top right: Top view. Centre right: Front view. Bottom right: Rear view. 

The main features and controls are: A, accessory shoe. 8, front opening button. C, depth of field calculator (is often engraved 
on the front mount next Co the distance scale). D, strut holding the lens panel rigid. E, flash socket. F, front cell focusing mount 
with distance scale. G, film transport knot. H, release button. I. viewfinder. J, shutter tensioning lever. K, cable release socket. 
L, synchronizing lever and self-timer (exists in various forms and positions according to shutter model). M viewfinder eyepiece. 
N, film window for observation of backing paper during winding Usually covered with a safety shutter. 
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pressure on a substantial button or plunger on 
the body of the camera. 

Film Transport The film is wound on by a 
knob or key, usually directly connected to the 
shaft which engages the film take-up spool. On 
some modem cameras a film lock automatically 
arrests the transport mechanism when the 
right amount of film has been wound on, and 
also works a mechanical film counter. On most 
models, however, a red window in the camera 
back serves for observation of the numbers on 
the backing paper to determine the correct 
position of the film from one exposure to the 
next. 

The risk of making a double exposure is 
avoided by mechanically coupling the shutter 
release and film winding mechanism so that the 
shutter cannot be released for a new exposure 
until the film has been wound on to the next 


frame. Such coupling is not a simple matter and 
it is found only on the more expensive folding 
cameras. 

Scope. The convenience of the folding camera 
has been exploited in practically every field of 
photography. It has a close rival in the minia- 
ture camera which is equally adaptable. 
There is very little to choose between the actual 
bulk of the two cameras. The most powerful 
argument in favour of the miniature camera 
is the increased versatility of the expensive 
precision models with their wide range of 
special accessories. The folding camera can ad- 
vance the argument that it takes a bigger 
picture and is less troubled by dust, scratches, 
grain in the film, and inevitable deterioration 
in the quality of the image when it is greatly 
enlarged. F.P. 

Book: All About Cameras, by B. Alfieri (London). 


FOOD. There is a steady demand from advertis- 
ing agents and the cookery page editors of 
women’s magazines for photographs of pre- 
pared dishes. Such photography may look 
easy but it is beset by as many difficulties as 
any other specialized branch of illustration. 
Sensitized Material. While there are still 
examples of the use of black-and-white material 
for photographing food, the majority of such 
pictures are now taken in colour because the 
colours of an expertly cooked dish and of the 
garnishes, sauces, table linen and decorations 
provide much of their attraction. 

The need for first class definition in the final 
reproduction rules out 35 mm. colour which 
tends to lose some sharpness in enlargement 
and reproduction. 

Most workers in this field use an integral 
tripack cut film which they process in the 
studio darkroom. 

Camera. Specialists almost invariably use a 
9x12 cm. plate back camera adapted to take 
cut film in sheaths. Anything smaller than this 
means some loss of quality in enlarging and 
does not lend itself to the necessary critical 
all-over focusing. 

This work calls for a selection of lenses of 
varying focal length since the subject may be a 
single dish or a laid table. Large apertures are 
not important since there is no objection to 
moderately long exposures. But all lenses must 
be fully colour corrected and capable of giving 
critical sharpness right to the picture edges. 
Lighting. Artificial lighting is always used 
because it is always under control and it allows 
conditions to be reproduced exactly if a retake 
is necessary. Normal lighting equipment is 
suitable provided that all the light sources are 
of the same colour temperature and adjusted 
to the colour material in use, by filters if 
necessary. Fairly powerful sources are used to 
keep the exposure down to reasonable limits, 
but none of the lamps must be close or powerful 


enough to dry up the food during focusing and 
exposure. 

Preparing the Photograph. Food pictures which 
accompany “How-to-do-it” magazine articles 
or advertisement copy must be true to colour 
and sharp all over since the photograph must 
give an exact impression of the subject. 

A good food picture is the result of careful 
planning and team work between photographic 
and culinary experts. The food must be both 
perfectly cooked and perfectly displayed if it is 
to appeal to the magazine reader. 

As a rule, the photographer has little 
freedom to choose the picture; he works to a 
scheme decided upon after long and often 
tedious editorial conferences. And as most 
periodicals are planned several months ahead, 
he may have to provide special delicacies which 
are out of season together with suitable floral 
decorations. Fortunately such things are easier 
to obtain nowadays thanks to deep frozen food 
and flowers by air. 

At the same time, the photographer learns 
by experience that certain foodstuffs do not 
photograph well and he must be able to suggest 
reasonable substitutes. 

If the photographer is not himself an expert 
in the kitchen, he must work in conjunction 
with an experienced chef who can look after 
both the preparation and display of the food to 
be photographed. 

The specialist food photographer works in 
a combined studio-kitchen or kitchen-studio, 
the main thing being to have the photographic 
apparatus on the spot where the food is being 
cooked. He must decide in advance on the 
correct style and arrangement of table linen, 
silver, china, flowers, etc. Close attention to 
such details is vital because the final picture 
must survive the critical inspection of expert 
housewives and cooks. 

Taking the Picture. Once all the necessary 
preparations have been made, a rehearsal 


E.— R 
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should first be staged with a dummy dish and a 
trial exposure actually run off to make sure that 
everything is as it should be. Retakes in this 
type of work can waste a great deal of time and 
money. 

If the trial exposure is satisfactory, the 
picture is arranged and then, just before 
making the exposure, the real dish, freshly 
prepared, is slipped into position. In this way 
the food appears fresh and attractive; nothing 
looks worse than a meal that has been standing 
for some time. And under the powerful lighting 
normally used, the colour and general appear- 
ance of food can change very quickly. 

The arrangements must be organized to run 
smoothly and without crises. Careful timing is 
called for; most dishes take some time to bring 
to the point when they are ready for serving, 
and a dried up vegetable or a cold, gteasy- 
looking meat dish can ruin the picture, dis- 
courage the cook and put everyone concerned 
to the trouble of a retake. H.G.C. 

FOOT (FT.). Lineal measure equal to 12 ins. 
or 1 / 3 yard. The foot measure is common to 
all nations and periods being based on the 
length of the human foot from which it takes 
its name. 

See also; Weights and measures. 

FOOT CANDLE. Unit of illumination repre- 
senting the light intensity over a surface one 
foot away from a standard candle. It is equal 
to one lumen per square foot. 

See also: Light units. 

FOOT LAMBERT. Unit of luminance repre- 
senting the brightness of a perfectly reflecting 
and diffusing surface when the light falling on 
it has an intensity of one foot candle. Also 
known as an eff ective foot candle. 

By international agreement luminance is 
now expressed as luminous intensity per unit 
area, e.g., in candles per square metre or square 
foot. 

See also: Light units. 

FORCEPS. Various types of forceps are used 
in photography for manipulating prints in the 
developer, stop bath, fixer, and other solutions 
to keep the fingers dry and. prevent them from 
becoming contaminated with solution and 
spreading stains. Forceps also reduce the risk 
of contamination of the various solutions with 
each other, and save a great deal of the time 
taken up by rinsing the hands or fingers before 
handling unexposed papers again. 

Print forceps may be of various sizes (the 
largest are generally most practical) and are 
available in plastic or stainless steel. 

One pair of forceps is required for the 
developer and another for stop bath and fixer, 
to avoid contamination. In practice the print 
is lifted from the developer with the developer 


forceps, dropped into the stop bath without 
immersing the forceps, and handled from then 
on with the fixing forceps. 

To prevent accidental interchange, the two 
pairs of forceps should be different in size, 
type, or colour. 

Plastic forceps are preferable for the fixer, 
since stainless steel collects a silver deposit 
from the silver in the fixing bath and becomes 
discoloured in time. The silver can usually be 
removed by immersion in an ordinary negative 
reducer (e.g., permanganate), or by polishing 
with a silver polish. 

See also: Print paddle. 

FOREGROUND. The part of the scene that 
lies nearest the camera. It is not necessary for 
the foreground to appear in the photograph at 
all, but when it is included it is generally 
rendered as sharp as the subject itself. 

The great depth of field of a miniature 
camera makes it possible to include very near 
objects in the foreground and still render them 
sharp. With larger formats this may only be 
possible by stopping the lens right down and 
giving a very long exposure. If the camera is 
fitted with movements, the back can be swung 
to bring the foreground into sharp focus with- 
out stopping down the lens. 

A blurred or out of focus foreground is 
generally unpleasing, but there are occasions 
when it helps to add depth to the picture by 
pushing the subject back into a more appro- 
priate perspective. A similar effect can be 
achieved by the use of heavy, dark tones in 
the foreground to frame the more distant 
subject — e.g., by shooting from under an 
archway or through trees with overhanging 
foliage. 

See also : Camera movements. 

FORENSIC PHOTOGRAPHY. Application 
of photography to the law, criminal investiga- 
tion, police court proceedings and the like. 

See also: Crime photography; Evidence by photographs: 
Forgeries; Police photography. 

FORESHORTENING. Appearance of an 
object when viewed obliquely. A relatively 
long and slender object — e.g., an arm or leg — 
when seen at an oblique angle by the camera 
gives an image which is by comparison short 
and thick. The size of near parts of the 
subject may appear greatly exaggerated if, in 
addition, the viewpoint is close. 

See also: Perspective. 

FORGERIES. Photography has made pos- 
sible a number of techniques for detecting 
forgeries. These are two main groups of 
forgeries: 

(1) Genuine documents which have been 
altered by erasure or addition or both; and 
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(2) Faked documents made to imitate 
genuine ones. 

Photography is used mostly to detect for- 
geries of the first type, although macrophoto- 
graphs of the second group of forgeries are 
used to aid handwriting experts, etc., in con- 
firming or eliminating frauds. 

Tone Control Methods. One of the principal 
photographic methods of detecting forgeries is 
to create a difference' in tone between the 
forger’s work and the original text. Irregular 
alterations to documents — e.g., cheques and 
wills — are often revealed by photographing the 
text under ultra-violet lighting. 

Slight differences in the tint of old and new 
inks may be exaggerated by a suitable choice of 
illumination, sensitized material and filter. 
This method of detecting forgeries may call 
for light of any wavelength from ultra-violet 
to infra-red, and the use of every type of sensi- 
tized material from ordinary to infra-red-sensi- 
tive. 

Inks vary in the amount of fluorescence they 
produce under ultra-violet lighting, and the 
ink used by the forger often photographs 
darker or lighter than the ink of the original 
document. 

Changes made in oil paintings — e.g., to the 
subject or the signature — may be revealed in 
the same way. The photograph is taken 
through a filter which is opaque to ultra-violet 
rays, but transparent to the fluorescence. 

Photographs on infra-red sensitive materials 
taken by infra-red radiation will show up 
differences in visually identical pigments by the 
differential absorption of infra-red rays. 

X-ray photography is also much used and is 
especially valuable if the original print is a 
lead-containing — and therefore radiopaque — 
pigment and the new print is not. 

Ultra-violet fluorescence is often successful 
in revealing writing that has been erased, 
because the fluorescence of the paper base is 
affected by the chemicals which have soaked 
into the paper from the ink. 

In effect the traces of iron compounds left 
in the paper where the ink strokes have been, 
suppress the fluorescence of the paper and the 
original writing shows up as a dark pattern on 
a background of fluorescence. In addition, 
chemical ink eradicators may affect the 
fluorescence of the paper, and thus reveal that 
erasure has taken place. 

A suspected erasure can be confirmed by 
photographing the document in oblique illu- 
mination which reveals differences in the 
surface texture of the paper caused by rubbing 
or scraping. 

Forged writing may also be revealed by 
leaving a piece of sensitized paper pressed into 
contact with the document for a week or so. 
When the paper is subsequently allowed to 
darken by exposure to daylight, the image of 
the forgery often appears lighter or darker 
than the rest of the paper. 


Optical Magnification. Discrepancies between 
the forgery and the authentic writing or 
printing can be made more apparent by making 
a magnified image by the normal processes of 
macrophotography or photomicrography. The 
images may then be compared either by looking 
at two prints made to the same scale of magni- 
fication, or by projecting the negative either 
side by side, or superimposed one on the other. 
In this way a signature or a specimen character 
of typescript may be compared accurately with 
a suspected forgery or fake. 

Where additions have been made to a hand- 
written document, the images can often be 
separated by viewing a stereoscopic pair made 
by photographing the image through a low 
powered microscope. As the ink marks appear 
in depth, those added last can usually be seen 
on a different plane from the original writing 
provided the strokes are reasonably the same in 
tone. The effect is helped by the fact that the 
original ink soaks further into the paper than 
the forgery. 

There is another standard way of deciding 
in what order ink strokes were made. This is 
based on the fact that when a wet ink stroke 
crosses one that is already dry, the ink of the 
wet stroke diffuses slightly into the other, but 
never the other way round. This effect can 
be seen or photographed under 10 to 20 x 
magnification. F.P. 

See also: Crime photography; Evidence by photographs; 
Police photography. 

FORMALIN. Formaldehyde solution. Used 
as a hardening and tanning agent, especially for 
scratch-proofing. 

Characteristics: Colourless liquid with un- 
pleasant pungent smell. Formalin is a 40 per 
cent solution of formaldehyde gas (HCHO, 
molecular weight 30) in water. 

FORMAT. Size of a book with particular 
reference to the relative proportions of the 
lengths of the sides. Also applied to photo- 
graphs. The depth of the page is always stated 
first — e.g., the format of this book is 9i x 6} 

ins . 

FORMULA. In photography the term applies 
to the recipe of ingredients required to make 
up a particular processing solution — e.g., a 
developer. 

It also applies to the symbols indicating the 
molecular composition of a chemical — e.g., 
AgNO s (silver nitrate). 

See also: Chemical symbols; Solutions. 

FOUCAULT, JEAN BERNARD L£ON, 
1819-68. French physicist. One of the foremost 
photographic scientists in the first quarter 
century of photography. Constructed (1844, 
with Donn6) a projection microscope, and 
(1849, with Duboscq) an electric arc lamp. 
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Studied (1844, with Fizeau) the effect of light 
on daguerreotype plates, and produced the 
first daguerreotype photograph of the sun in 
1845. Collected works edited by Gabriel and 
Bertrand (Paris 1878). 

FOX TALBOT, WILLIAM HENRY, 1 800-77. 
English archaeologist, chemist, linguist, mathe- 
matician and inventor of photography. 

See also : Talbot , William Henry Fox. 

FRAMING PHOTOGRAPHS. There are 
two principal reasons for putting a photograph 
in a frame: so that it can be hung up easily 
and seen to better advantage, and to protect 
it from dust, damp and finger-marks while it is 
displayed. 

The amateur, unless he is an experienced 
carpenter, is best advised not to attempt to 
make a frame. The result will almost certainly 
be a waste of time and timber. 

A photograph that deserves a frame will 
usually justify the expense of having it profess- 
ionally framed. The frame maker does his job 
very well and the amateur cannot hope to 
equal him. 

It is of course possible to buy frames ready- 
made. All the photographer has to do then is 
fix the photograph in the frame — not quite such 
a difficult task. 

The actual designs of frames vary consider- 
ably. In its simplest form a frame can be made 
of quite plain wooden moulding; a more 
elaborate type may consist of a number of 
ornate borders of machine decoration. The 
modern trend however is to use a simple, 
narrow frame with plain sides. 

Choosing the Frame. The frame should 
normally be plain and unobtrusive. Its purpose 
is to isolate the photograph from its surround- 
ings so that the picture will attract and hold 
the attention. An omate or showy frame only 
draws attention away from the picture or at 
least clashes with it. 

If the photograph is to fill the whole space in 
the frame, the frame should be a wide one; 
otherwise the picture will not be sufficiently 
isolated. If the photograph is to appear on a 
mount, then the frame may be narrow, because 
in this case, the mount itself can provide a 
border. Generally, the bigger the mount in 
relation to the photograph, the narrower can 
be the frame. 

The glass should be of the kind intended 
specially for framing pictures; this is much 
thinner than the glass used for glazing. The 
quality of this glass varies widely, so it should 
be carefully inspected for flaws and waviness. 
These faults show up much more over a black 
and white photograph than over a coloured 
painting. 

It is a good plan to run a narrow strip of 
gummed paper around the edge of the glass 
and the inside of the frame before fitting the 
picture in position. This prevents dust and damp 


from entering from the glass side of the frame. 
Framing the Photograph. Before starting the 
actual framing, the print should first be 
mounted. The mount must be fairly thick and 
fit the frame exactly. If a cut-out mount is 
used it must be backed with card of the same 
size. The glass in the frame must be cleaned 
thoroughly — especially on the inside surface. 
The mounted photograph is placed in the 
frame and secured along all edges with heavy 
gummed paper; this is stuck with half its width 
over the back of the mount and the remainder 
over the back of the frame. 

Cord or wire for hanging the picture should 
be attached to the frame and not the mount. 
This is best done by fixing a screw eye into each 
side of the frame. The cord is attached to the 
eyes and kept short so that it does not show 
above the top edge of the frame (unless the 
picture is to hang from a picture rail). Norm- 
ally it is better to hang it from a hook held by 
one of the special hard steel pins which can be 
driven into plaster or wood without leaving an 
ugly hole. 

Passe-partout. A cheaper way of framing 
photographs is to use passe-partout binding. 

For this type of framing it is essential for the 
print to be on a mount of least 1/16 in. thick. 

A piece of picture glass must be cut to 
exactly the same size as the mount or the mount 
may be cut to match the size of the glass, using 
the glass as a template. 

The mount and glass are then bound together 
with the passe-partout tape. The latter can be 
used in one complete length, or cut into four 
strips — one for each side. This second method 
is the easier, especially when dealing with large 
pictures. The passe-partout in either case must 
be mitred on the corners of the picture. 

In cases where it is ever likely to be necessary 
to remove the print from its frame or passe- 
partout binding, a backing card or board 
should be used. The backing is cut to the same 
size as the mount and fitted over it before 
applying the binding. 

Stick-on hangers can be obtained for attach- 
ing the cord or wire to the back of the mount. 
These are surprisingly efficient although they 
may not look reliable. Another type has a 
ring on a split pin; the pin is pushed through 
the mount and secured by bending flat on the 
other side. If this system is used, obviously the 
mount must be backed with a second piece of 
cardboard; the split pin is then only pushed 
through the rear card. It is of course essential 
with this method to attach the ring before 
binding together the glass, mount and backing 
card. 

Whether using a proper frame or passe- 
partout binding, some thought should be given 
to the colour. This should contrast with the 
wall on which it is to hang; if it blends into the 
wall its purpose (which is to isolate the picture) 
is defeated. J.D.C. 

See also: Mounts. 
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FRANCE 


Like all inventions, photography was the 
culminating result of patient work in many 
countries extending over a period of centuries. 
Nevertheless, it is certain that an image of the 
exterior world was permanently recorded on a 
light-sensitive surface for the first time in 
France. 

Early Experiments. Nicdphore Niepce (1765- 
1833) was the first man to succeed in recording 
an image in a camera. In May 1816 he photo- 
graphed buildings on his property near Chalons- 
sur-Sadne on sheets of paper impregnated with 
silver chloride. He experimented with various 
materials such as paper, glass and metal (zinc 
and copper). In 1 822 he obtained recognizable 
images on glass coated with bitumen of Judea, 
though not in a camera. 

Between 1823 and 1826 he improved the 
process, which he named heliography and 
in which the image was obtained on a bitumen 
coated plate of zinc or pewter. After exposure 
the unaffected bitumen layer was dissolved 
away. Copies of line drawings obtained by 
superimposition could be satisfactorily etched 
and used as printing plates. Camera views, 
however, on account of their half-tones could 
not be transformed into printing plates. 
Nidpce’s first view from nature was taken from 
his window in 1826. The following year he 
submitted a communication on heliography 
together with specimens to the Royal Society, 
London, who could not give it recognition 
because he did not disclose manipulatory 
details. Nidpce was also the first man to suggest 
the use of an iris diaphragm to correct aberra- 
tions and eliminate marginal rays. 

While Nidpce was mainly concerned to find 
a physiochemical method of printing and 
reproducing documents, L. J. M. Daguerre 
(1787-1851) aimed to photograph nature, and 
it was his meeting with Nidpce that led to his 
success. In 1827 Daguerre made Nidpce’s 
acquaintance through the optician C. L. 
Chevalier and on the 14th December 1829, 
they went into partnership. 

The Daguerreotype. Both during Nidpce's 
lifetime and after his death the process was 
gradually improved, finally resulting in the 
daguerreotype: a copper plate was coated with 
silver iodide and the photographic image was 
developed by the action of mercury vapour and 
fixed by what is today known as sodium thio- 
sulphate. On 7th January 1839 Arago an- 
nounced the invention to the Acaddmie des 
Sciences. The F ench government then voted 
legislation for the purchase of the process “in 
order to offer it as a free gift to the world”, 
and on 19th August 1839 Arago repeated his 
announcement and described the invention at 
a joint formal session of learned societies. 

The daguerreotype process had a number of 
disadvantages, the principal one being that 
only a single copy of each exposure could be 


obtained. In February 1839, Hippolyte Bayard 
(1801-87) invented a negative-positive paper 
process. However, his direct positive process on 
paper, invented the following month, was much 
better. Unfortunately, it did not win commercial 
success and Bayard's name was forgotten for 
many years. 

Later Developments. W. H. Fox Talbot’s pro- 
cess was an improvement on the daguerreotype; 
it was perfected in France by Louis Blanquart- 
Evrard in 1846 and Gustave Le Gray in 1849. 
The latter obtained excellent transparent nega- 
tives by the use of dry waxed paper. 

In 1851 Blanquart-Evrard opened an “im- 
primerie photographique” (photographic print- 
ing works). He made large numbers of photo- 
graphic prints which were published in albums, 
thus being one cf the very first workers to 
undertake systematic mechanization of the 
photographic process. 

In 1847, Claude Niepce de Saint Victor 
(1805-70), a cousin of Nicdphore Nidpce, in- 
vented the albumen process. The sensitized 
surface consisted of silver nitrate, the developer 
was gallic acid and the fixer sodium thiosul- 
phate. 

In 1849, Le Gray suggested the possibility of 
using collodion in photography — a solution of 
gun cotton in ether, but the process was first 
invented bV Frederick Scott Archer who pub- 
lished it in 1851. During the siege of Paris in 
1870 the collodion process was used to make 
microfilms for sending messages across the 
, enemy lines, the films being attached to the 
'tails of carrier pigeons. 

At this period numerous French experi- 
menters developed various mechanical pro- 
cesses for the reproduction of photographs, 
e.g., Hippolyte Fizeau (1841)—— Niepce de 
Saint Victor (1853) and Alphonse Poitevin 
(1855). In 1878, Petit invented a system of pro- 
ducing dots for the half-tone process. About 
1 858 Nadar succeeded in making instantaneous 
exposures by the light of a Bunsen battery. 
Colour Photography. The next mtuor invention 
after Nidpce’s to which Frenchmen can lay 
claim is that of colour photography. In his 
communication of February 1891 to the 
Acaddmie des Sciences (Academy of Sciences) 
Gab iel Lippmann (1845-1921) explained the 
principles of the interference method. 

But colour photography had been invented 
already in 1869 by two men working inde- 
pendently: Charles Cros (1842-88) and Louis 
Ducos du Hauron (1837-1920). In February of 
that year these two experimenters annonrred 
the principles of three-colour photography. 
They produced the first colour images by the 
superimposition of three plates. 

In 1907 the brothers Auguste and Louis 
Lumidre produced their autochrome plate, 
using a pigment process which made additive 
colour photography a comme cial proposition. 
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Applications of Photography. France has made 
an important contribution to the study of 
movement by photography, which led ulti- 
mately to the motion picture. E. J. Marey 
(1830-1904) made a “fusil photographique” 
(photographic gun) in 1882. In 1883 he founded 
in Paris a centre for studying movement, and 
this still exists today under the name Institut 
Marey. In 1888 he perfected his process by 
making a “chronophotographe & pellicule” 
(film chronophotograph). 

Finally on the 13th February 1895 the 
brothers Lumifcre announced their invention of 
the process which they christened “cinema- 
tograph”. 

Experiments in stereoscopy began very early, 
as is shown by the fact that daguerreotype pairs 
are in existence for stereo viewing. In 1891 
Ducos du Hauron had perfected the anaglyph 
method of stereo viewing. 

In connexion with the scientific applications 
of photography the following names deserve 
mention : 

In 1861, Colonel Aimd Laussedat invented 
the process of photogrammetry, enabling 
linear measurements to be taken over great 
distances by photographic means. 

In 1919, Poivilliers invented the stereoto- 
pograph, an apparatus working on stereoscopic 
principles for the measurement of heights from 
aerial photographs. 

The history of photomicrography goes back 
to 1840. In that year Dr. Alfred Donne pro- 
duced daguerreotypes with a microscope, and 
in 1845 he published the first book illustrated 
by photomicrographs. 

In 1 882 the brothers Paul and Prosper Henry 
made an important contribution to astrono- 
mical photography by devising a photographic 
method of recording the transit of Venus from 
the Pic du Midi observatory. As a result, an 
international union was formed for mapping 
the skies. 

In the same year, Alphonse Bertillon took 
out a patent for a system of photographic 
identification, which is still in use in most 
countries of the world for criminal record pur- 
poses. 

In 1908 Edouard Belin invented a method of 
transmitting pictures by wire. In 1914 the first 
news photograph to be transmitted by “belino- 
gramme” was published. It is now in regular 
use in newspaper offices. 

At the present time, numerous French 
experimenters have perfected methods of 
underwater photography and cinematography. 
The Art of Photography. In its early days, 
photography was mainly used for portraiture. 
Most daguerreotypes were portraits; but some 
remarkable views of Paris were made by this 
process between 1840 and 1850, many of them 
by Bayard. 

Gustave Le Gray and Blanquart-Evrard later 
made a number of landscapes and views of 
monuments. But the long exposure time 


required made the taking of action pictures 
difficult. Maxime Du Camp travelled in 
Egypt, Nubia, Palestine and Syria between 
1 849 and 1 85 1 and brought back some remark- 
able “photographic drawings”, as he called 
them. 

Many amateurs took up photography as a 
hobby ; amongst them Victor Hugo, his sons 
and his son-in-law Auguste Vacquerie made a 
fine collection of pictures in Jersey and 
Guernsey in 1853. 

Photography made its official public d6but 
in a section of the World Exhibition of 1 855 in 
Paris. 

During the whole of this period photo- 
graphers concentrated on a realistic portrayal 
of their subjects, and the results, particularly 
in the case of Bayard’s work, were generally 
not lacking in charm. Portraits were very con- 
ventional and, in general style resembled the 
work of contemporary painters. The out- 
standing pioneers were the Nadar family, 
foremost among them Felix Toumachon, 
called Nadar (1820-1910). Together with his 
brother he opened a studio in 1852 which was 
later taken over by his son Paul. Nadar was a 
curious type, a man-about-town, inventor and 
friend of Jules Verne; he went in for ballooning 
and all sorts of other adventurous experiments 
besides his photographic activities. His por- 
traits, which depict the celebrities of a whole 
period of history, have a very distinctive and 
vigorous style and they gave rise to much con- 
troversy on the question of whether photo- 
graphy could be called an art, in the course of 
which Charles Baudelaire took his stand against 
photography while Eugfene Delacroix was in 
favour of it. 

Under the Second Empire (1852-70) another 
photographer, Andri Disderi, achieved great 
success with multiple portrait photographs in 
small format, which became known under the 
name “Carte de Visite”. So popular did these 
become that as Napoleon III was riding 
through Paris at the head of his troops on the 
way to the war in Italy in 1 859, he did not hesi- 
tate to stop the procession in order to have his 
portrait taken by the “Master” as a memento of 
the great occasion. At the end of the Crimean 
war (1855) photographic history was made 
when a photograph was taken at the victory 
parade in Paris. 

In the same period, two Parisian workers are 
worthy of special mention: the portrait photo- 
grapher Adam Salomon and the landscape 
photographer Adolphe Braun; the latter also 
took excellent studies of contemporary Parisian 
life. 

Later, serious photography underwent an 
eclipse for a number of years, though it did 
become a popular pursuit among amateurs. 
Paul Nadar made some excellent portraits of 
important personalities; particularly worthy 
of mention are the serial studies in expression 
of General Boulanger and the chemist Michel 
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Chevreul, which were published in the news- 
paper Le Figaro. But photographs as a whole 
became a bad imitation of the worst painting. 

Puyo and Robert Demachy made some good 
pictorial studies with soft-focus effects. At the 
turn of the century a swarm of photographic 
clubs encouraged the spread of this rather 
over-rated technique. 

One photographer was in a class by himself 
and a forerunner of the modem school: his 
name was Eugene Atget (1856-1927). Though 
he enjoyed no commercial success, he produced 
straight photographs without any special 
effects. Apart from their considerable docu- 
mentary value, Atget’s photographs still seem 
very fine today and have a certain naive charm 
reminiscent of surrealism. 

After the end of the first World War the most 
prominent French photographers were Madame 
Laure Albin-Guillot and Emmanuel Sougez. 
The latter is particularly noteworthy for having 
introduced the conception of pure photography 
into France. His work, the best of which pro- 
bably consists of still life studies, shows how 
beautiful reality can be when presented com- 
pletely without affectation and without re- 
course to retouching. 

Amongst the older generation today, some 
work displays a stark realism; at the other 
extreme we find a whole school of surrealists. 

There is also a school of journalistic photo- 
graphy, many of whose members produce 
work tending more to the illustrative than the 
documentary. Some aim to produce work that 
alternates between the poetic and the ironical. 

A number of photographers of foreign origin 
have settled in France, and their influence has 
often been considerable. 

Industry. France has always had a considerable 
photographic industry, and in recent years it 
has undergone further expansion. There are 
seven firms in France manufacturing sensitized 
materials, with factories which are amongst 
the largest and most modem in the world. 
There are 135 other firms producing cameras 
and accessories. Considerable advances have 
been made in recent years in the field of colour. 

As regards cameras, France has up-to-date 
factories producing high quality cameras, 
particularly 35 mm. miniatures and 2i ins. 
square reflex cameras. 

The French optical industry has been in the 
forefront for a number of years, and its pro- 
ducts are exported to many countries; the total 
turnover for photography was 45 milliard in 
1954 of which 20 per cent was exported. 
French-made lenses, even when not bearing 
French names and made on behalf of other 
manufacturers, are fitted to a large number of 
cameras throughout the world. 

The French photographic industry is 
organized in a trade association, the Syndicat 
G6n6ral (General Syndicate). The users of 
photography, professionals and dealers, belong 
to the Confederation Fran^aise de la Photo- 


graphie (French Confederation of Photo- 
graphy). These two organizations, together 
with the Syndicat National du Cindma Sub- 
standard (National Substandard Cine Associa- 
tion) are members of the Conseil National de la 
Photographie et du Cinema Substandard 
(National Council of Photography and Sub- 
standard Cinematography) which handles all 
questions of common interest to all members of 
the photographic trade and profession. In 
particular, the National Council conducts a 
useful publicity campaign to encourage the 
wider use of photography in France. 

Every year an Exhibition of Photographic 
Apparatus and Materials is held in Paris at 
which the principal French and foreign manu- 
facturers display their products. In 1955 the 
display was on a very large scale, and in future 
it is to be held biennially under the name 
Biennale Photo Cindma Optique at the Grand 
Palais in the Champs-Elysdes. The 1955 
Biennale was visited by more than 200,000 
persons; exhibitors totalled 300, of which 200 
came from abroad. A number of important 
meetings of an artistic and cultural nature were 
held during the exhibition. 

Societies. Paris houses the oldest photographic 
society in the world, the Socidtd Frangaise de 
Photographie (French Photographic Society), 
founded in 1851 under the name of Socidtd 
Hdliographique and renamed in 1854. The 
Society brings together the most eminent per- 
sonalities in French photography in the scien- 
tific, technical, industrial and artistic fields. 
It has a fine collection of apparatus and prints 
going back to the earliest times. 

Amateur societies and clubs are organized 
in the Fdddration Nationale des Socidtds 
Photographiques de France (National Federa- 
tion of French Photographic Societies), which 
is a member of the Fdddration Internationale 
d’Art Photographique (International Federa- 
tion of Photographic Art). Several of these 
societies and clubs hold important inter- 
national exhibitions. 

Apart from the international exhibitions 
mentioned above, a Salon National is held 
annually in the Mansart gallery at the Biblio- 
thdque Nationale (National Library). At 
present it is the most important exhibition of 
its kind held in France. It is confined to photo- 
graphers of French nationality or resident in 
France and gives the opportunity of appraising 
the standard of French photography. After 
being shown in Paris, the prints from the 
Salon National are displayed in most of the 
larger provincial towns. 

Many prominent photographers belong to 
informal groups and clubs of their own. The 
only such group of any importance is the so- 
called Groupe des Quinze (Group Fifteen). 
The fact that membership, as the name implies, 
is limited to fifteen, shows that many photo- 
graphers of standing remain completely inde- 
pendent. 
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A number of scientific associations exist, 
corresponding to the numerous applications of 
photography. The majority of these associations 
concern themselves with both still photography 
and cinematography. 

Study Centres. Two organizations take the 
lead in photographic research and teaching: 
the Institut d’Optique (Optical Institute) and 
the Ecole Nationale Technique de Photo- 
graphie et de Cindma (National Technical 
College of Photography and Cinematography). 

The Conservatoire National des Arts et 
Mdtiers (Museum and School of Arts and 
Crafts) has a very fine collection of photo- 
graphic apparatus and also facilities for 
demonstrating the technique and applications 
of photography. 

The print-room at the Biblioth&que Nationale 
contains the world’s largest library of photo- 
graphic prints, including numerous early 
works — amongst them the Nadar collection. 
As a copy of all photographs published must 
legally be deposited at the Biblioth&que, and 
many exhibition prints are likewise deposited, 
in particular those from the Salon National 
and the Coupe de France, this collection is con- 
stantly being added to. It provides the world’s 
largest pictorial review of the whole history of 
photography, comprising more than 2 million 
prints with 500,000 more now being cata- 
logued. Prints are available for inspection by 
interested persons and copies may be taken 
from them. They are often loaned for display 
in exhibitions illustrating particular subjects. 

The Soci6td Francaise de Photographie 
also has a collection of historic photographs 
and there are a number of photographic print 


libraries open to the public in Government 
offices and other institutions, e.g., the Archives 
de France (Record Office), the Presidence du 
Conseil (Cabinet). 

Numerous French organizations and bodies 
make considerable use of photography thus 
contributing towards its progress, among them 
the Centre National de la Recherche Scienti- 
fique (National Centre of Scientific Research) 
the Institut Pasteur (Pasteur Institute), the 
various astronomical observatories and the 
Sorbonne University. 

The Ministry of Education has set up a 
department of audio-visual studies as part of 
the Centre National de la Documentation 
P6dagogique (National Information Centre for 
Teachers). The department has its own labora- 
tories and studios, and provides photographs 
and undertakes all kinds of research for educa- 
tional purposes, besides giving instruction in 
photography for teachers of all grades. 

During the Biennale exhibition of May 1955 
it was resolved to set up an International Centre 
of Photography and Cinematography, with 
headquarters in Paris. This organization 
intends to take advantage of the presence in 
Paris of UNESCO and work in close colla- 
boration with the United Nations. 

Publications. The following are the principal 
photographic publications in France: Le 
Photographe (official organ of professional 
photographers); Sciences et Industries Photo- 
graphiques (technical journal); L'Officiel de la 
Photographie (organ of the Fdddration Nationale 
des Soci6t6s); and the amateur magazines 
Photo Cindma, Photo Cind Revue and Photo 
Monde. P.S. 


FRAUNHOFER, JOSEPH VON, 1787-1826. 
German optician. After an early struggle 
became assistant and later partner in an 
important optical works. In 1814 he discovered 
a method of calculating a spherically and 
chromatically corrected objective. He also 
invented a machine for polishing large and 


mathematically accurate spherical surfaces. 
Between 1814 and 1817 he determined accur- 
ately the dark lines in the solar spectrum, 
since known by his name. He was the first 
to study diffraction with a grating and was 
responsible for producing high quality optical 
glass. Biography by M. von Rohr (1 929). 


FREELANCE PHOTOGRAPHY 


Practically every publication that prints 
photographs accepts a certain proportion of 
them from freelance workers. This means in 
theory that the scope of the freelance photo- 
grapher is unlimitad. In practice this is not 
altogether true, because the freelance photo- 
grapher who tries to compete with the full- 
time agency and press photographers is 
unlikely to get very far. The regular photo- 
graphers employed by the agencies and news- 
paper offices have facilities for transport, 
communication and publication that no free- 
lance could afford. Furthermore they have a 


regular salary to tide them over their occa- 
sional failures whereas every time the freelance 
draws a blank, his expenses for the trip are a 
dead loss. 

Scope for the Freelance. So in actual fact 
the freelance must narrow down his field of 
activities to the subjects which for one reason 
or another do not attract the agencies and the 
press. Very broadly this means avoiding any- 
thing of a topical or live news character and 
going after subjects of general and lasting 
interest. It means relying on inspiration and 
imagination more than the sporting calendar. 
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the passenger lists of luxury liners and air- 
lines and the police news. 

This, at any rate, is where he makes a start; 
later on, if his work becomes known, he may 
be commissioned by editors who want his 
particular style of work on a topical or feature 
story. When that happens he may find himself 
working alongside the staff photographers 
but not in competition with them. 

Even when he takes his camera along to 
photograph events of topical interest, the 
freelance approaches them from a different 
angle. While the regular cameramen are getting 
their pictures of the show itself, making sure 
of at least one good shot of every important 
person, and one of the principal event of the 
occasion, the freelance is looking around for 
the incidental stories — the faces of the on- 
lookers, the lost child, or the puppy that slips 
through the police cordon at thecrucial instant. 

This does not mean that the freelance should 
ignore the regular subjects, only that he should 
keep his eyes open for everything else, too. 

But most of the time the freelance concen- 
trates on feature material where he has a chance 
of selling a number of pictures rather than one 
lucky shot. He keeps his ears and his eyes open 
for the ideas that it would not be worth the 
while of the pressmen to follow up, and when 
he travels he does so with the object of making 
a series of salable pictures. These he may send 
to appropriate weekly or monthly magazines, 
to travel agencies, or transport companies — 
e.g., airline, shipping, road, and railway. 

Many freelance workers specialize in one 
particular kind of picture — e.g., animals, high 
speed flash, or landscapes — but the narrower 
their field of specialization, the less chance 
there is of their being able to make a living at 
it. By specializing and becoming known, there 
are many opportunities for the spare time 
freelance to make a profitable sideline of his 
hobby. But this is a different matter from 
turning it into a career. 

Other Freelance Outlets. The scope of the free- 
lance photographer is not limited to working 
for publication. There are other directions in 
which he can make money with his camera. He 
may make a profitable sideline of at-home 
portraiture, particularly of young children, a 
branch which few professionals trouble about. 
The professional naturally prefers people to 
come to his studio where he has everything 
standardized and under control. He is also 
spared the waste of time in packing and trans- 
porting his equipment. The freelance, on the 
other hand, has no studio anyway and does 
not have to add the extra time and trouble of 
working away from home to his costs. Some 
freelance workers with a flair for this type of 
photography have eventually opened up their 
own businesses. 

There is also an outlet for technically sound 
freelance photographers in the commercial 
field. Small businesses and manufacturers of 


all kinds need photographs of theirproducts for 
advertising, publicity, and sales literature. Very 
often the number of pictures they use in a year 
is too small to be worth the attention of a 
regular commercial photographer. By getting 
in touch with such small factories, shop-keepers 
and the like, the freelance can build up a use- 
ful connexion, but his main occupation must 
allow him to visit his various clients during 
their working hours. 

There are also seasonal openings for free- 
lances with their own cameras to work as 
beach and street photographers. But such jobs 
are strictly part-time work and not genuine 
freelancing. The photographer in such cases 
has to rely on the organization of the company 
that employs him; he could not afford to run 
the whole business himself. 

Freelancing as a Career. Freelance photo- 
graphy is not a difficult field to break into and 
anyone with a camera, a few rolls of film and a 
good story idea, may succeed at the first 
attempt. But to sell enough pictures month 
after month to eam a living, is a much more 
difficult matter. 

The competition in the freelance field is keen 
because photography nowadays is a mass art. 
In the old days, people used to buy box cameras 
and content themselves with taking family 
snaps. Now they buy expensive cameras — 
often later models than most professionals 
possess — and start trying to eam spare-time 
money by submitting pictures to magazines 
and newspapers. When they get a few pictures 
published they often throw over their regular 
business to become full-time freelances. Most 
of them drop by the wayside because they 
mistake the ability to take a picture with the 
imagination to create or recognize one. They 
seldom develop a “picture sense”, without 
which no freelance can go very far. 

Some people are bom with a picture 
sense, but most beginners have to acquire a 
picture sense the hard way — by working at it. 

Anyone who wishes to become a successful 
freelance must study thousands of pictures 
other people have taken and analyse their 
weak and strong points. They have to take 
thousands of pictures themselves and learn to 
adopt the same critical, objective attitude to 
their own efforts. Most of all, they have to 
take their own cherished pictures around to 
editors and listen to their unflattering com- 
ments. Then finally they have to go back and 
try again until they begin to master the for- 
mula for turning out shots with above-average 
human interest. 

Few people have the necessary tenacity. 
Most photographers who attempt freelance 
work discover that it gives them at best an 
erratic and unpredictable income and a lot of 
frustration. Economic pressure forces most of 
them to find a niche in a steadier, if less 
romantic branch of the profession. They open 
portrait studios, take baby pictures, go in for 
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advertising or commercial work, or join the 
staff of some magazine or newspaper. A few 
strong individualists who prefer working on 
their own stick at it long enough to make a 
success of it. 

For the average photographer freelancing 
is not a practical way of making a living. Even 
so, some of the best known and most successful 
photographers in the world do all their work on 
a strictly freelance basis and have done so from 
the beginning. 

Submitting Prints. The prints should be dry 
mounted on card if possible so that they do not 
become dog-eared by being handled. Presenta- 
tion is very important in any graphic art field 
and if a photographer does not respect his 
own work other people are not likely to take 
care of it either. 

No freelance should show contact prints; 
contacts should never leave the darkroom. 
Every picture benefits from enlarging and 
trimming, while good retouching and finishing 
can improve the appearance of specimens 
enormously. Anyone who finds difficulty with 
this end of the job would be wise to get a 
specialist to finish his prints properly. 

Every freelance should make up a rubber 
stamp with his name, address and phone 
number, and use it on the back of each print. 
It establishes copyright, ensures the return of 
work and tells the editor whom to contact in 
the event of an assignment. 

The freelance who wants to find his way into 
the high fee paying field must first carefully 
study the markets. Far too many send unsuit- 
able material to an editor who then feels that 
his time is being wasted. A paper’s or magazine’s 
editorial policy should be examined until the 
freelance is thoroughly conversant with that 
journal’s style. Photographs submitted should 
be sufficiently varied in format to allow the 
make-up department of the journal to arrange 
an interesting lay-out. 

It is most important to send in prints at the 
time when the editor is looking for that parti- 
cular subject. If the photographer is simply 
working through his print library and submit- 
ting likely specimens to suitable publications, 
the subjects must be appropriate to the issues 
then in preparation. With monthly magazines 
in particular, it should be remembered that the 
copy is made up several months in advance of 
publication. So there is no point in trying to 
sell Christmas pictures in December; the 
Christmas issue was in all probability com- 
plete before the end of October. 

It must be made clear, when selling a picture, 
what rights are being offered — e.g., “First 
exclusive world rights”, “First exclusive 
British rights”, or “First Australian rights” or 
just “Publication rights”. In the majority of 
cases the editor is only interested in normal 
publication rights. However, when exclusive 
rights are offered, the fee should be high 
enough to compensate for the sales that are 
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being missed by ruling out other markets. 
Editors seldom insist on buying world rights 
or transfer of copyright, but when they do 
they must be prepared to pay for it. Anyone 
unfamiliar with the marketing procedure 
should get in touch with a reputable photo 
agency who will handle the work on a com- 
mission basis if it has merit. 

Basic Rules. Many budding freelances are dis- 
couraged because of their ignorance of the 
elementary requirements of the work. They may 
be able to take pictures, but that is all. Un- 
fortunately there are other conditions to be 
complied with before the pictures can come to 
the notice of the right editor, be accepted, 
published and paid for. 

It always pays to see editors in person 
whenever possible, rather than to submit 
work through the post or through an agent. 
There is nothing to be learned from a rejec- 
tion slip but an editor's personal comments 
can be very illuminating — and helpful. 

No one should pester editors for assignments 
at the outset. The way to attract their attention 
is to show them some good original picture 
stories; once their confidence is established, 
assignments will come automatically. But no 
editor wants to entrust an important job to 
an unknown, unproved cameraman. This 
explains why specimens are so important. 

When a photographer has a good story idea, 
but cannot see the editor to discuss it per- 
sonally, his best course is to put it down on 
paper and submit it in writing, rather than 
take it up with subordinates. A good editor 
can recognize a story at once and he may offer 
an assignment. If the idea is worth using the 
editor will be glad to pay for it and, even if the 
author’s picture-taking ability is not up to 
standard, the editor may buy the idea and have 
one of his staff carry it out. The fact that the 
idea has been submitted in writing is protection 
against anyone using it without payment. 

It is a waste of time for a beginner to try to 
break into the top markets first unless he has 
some really outstanding pictures. He will be 
much more likely to get encouragement from 
editors of smaller publications which cannot 
afford to employ their own staff of photo- 
graphers. And the big market# will still be 
there when he is ready for them. 

The freelance should never be shy about 
asking for credit-lines. A photographer has 
the same reason for wanting to be identified 
with his work as a writer. But unless the editor 
is asked at the time he may forget it and 
apologize later. The time to raise the question 
(and that of fees!) is before publication — not 
after. H.B. 

Sec also: Agencies; Photo- journalism; Reproduction fees; 
Selling photographs. 

Books: All About Selling Photographs, by B. Alfleri 
(London); How to Take Photographs that Editors Will 
Buy, by R. Spillman (London); The Business of Photo- 
graphy, by C. Abel (London); The Market for Photo- 
graphs (London). 
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FREQUENCY. Number of complete events 
of a regular cyclic sequence, usually counted 
over one second. The term is especially applied 
to the wave propagation of the various forms 
of energy — e.g., electromagnetic and acoustic 
radiations, as well as regular mechanical 
movement. 

The frequency is inversely proportional to 
the wavelength and proportional to the velocity 
of the radiation, e.g., if the velocity of a wave 
is 1,000 feet per second and its wavelength 
(measured from the crest of one wave to the 
corresponding point on the next) is 10 feet, 
then in every 1,000 feet there will be 1,000/10 
= 100 complete waves. This number of waves 
is radiated every second, so the frequency is 
100 cycles per second. 

In the general case, the frequency n of a 
radiation travelling with a velocity of V and a 
wavelength X is given by the equation 
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V and X must both be measured in the same 
units, i.e., metres per second and metres, or 
feet per second and feet. 

It is more convenient to describe very short 
waves — e.g., of light and X-radiations — in terms 
of their wavelength in Angstrom Units. Radia- 
tions of longer wavelength — e.g., in the radio 
band — may be expressed in either wavelength 
or frequency. Much slower cyclic events are 
more conveniently expressed in terms of fre- 
quency. 

Electrical energy is generally distributed as 
an alternating current — i.e., a current which 
alternates in a regular sequence between a 
maximum positive and a maximum negative 
value. The frequency of the alternations in 
Great Britain is almost always 50 cycles per 
second, but there are a few local exceptions. 
Elsewhere in the world the frequency of 
alternating current supplies varies but is mostly 
between 40 and 60 cycles. 

There is no risk of damage involved in con- 
necting heating equipment designed for one 
frequency to a supply of a different frequency, 
but the performance of motors and electronic 
equipment will be affected and in some cases 
the equipment may suffer. L.A.M. 

See also : Wavelength. 

FRESNEL LEINS. Short focus condenser lens 
of a special design used principally in spot- 
lights. While a normal short focus condenser 
lens is thick and heavy, the Fresnel lens is 
relatively thin and light so it is less apt to crack 
from the heat of the lamp, which can be quite 
considerable. 

The lens consists of a series of concentric 
stepped rings, each one being a section of a 
convex surface. The combined effect of all the 
rings is the same as that of a single lens of 
normal shape with the same diameter and 
curvature. Sometimes the lens is moulded in 
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FRESNEL LENS. Used as a condenser lens in spotlights, it 
consists of a thin stepped disc with each step having the 
curvature of a much thicker lens. 

one piece, but for more accurate optical equip- 
ment it may be assembled from a number of 
optically ground curved prisms. 

Fresnel lens patterns, embossed in plastic, 
are also used to distribute the image brightness 
over the area of a focusing screen. The screen 
may itself be the plane surface of the lens. 

FRESSON PROCESS. Early carbon printing 
process in which no transfer to a final support 
was necessary. It was similar to the Artigue 
process, but used a different type of paper. 

See also : Obsolete printing processes. 

FRIESE-GREENE, WILLIAM, 1855-1921. 
English professional photographer, and one of 
the pioneers in motion picture photography. 
Patented (with Evans) a “machine camera” in 
1889 which took instantaneous photographs in 
rapid succession. He was a prolific inventor; 
his patents include a two-colour additive 
method of colour cinematography. Biography 
by Ray Allister (London 1948). 

FRILLING. Fault caused when an emulsion 
separates from the edges of the support, 
generally because of some abnormality in the 
temperature or chemical composition of the 
processing solution. The loose gelatin swells 
and expands, causing it to crinkle and form a 
characteristic frill. 

Frilling seldom occurs with modern sensi- 
tized materials. It is usually the result of very 
high temperatures in processing — and violent 
changes in solution temperature. Another 
possible cause of frilling is the use of strong 
acid rinses or stop-baths immediately after the 
film has been in a strongly alkaline developer. 
Excessively long immersion times in solutions 
can be another cause. 

Frilling is also troublesome in carbro print- 
ing during the development or transfer of the 
gelatin relief image. The cause in this case may 
be high temperatures, excessive immersion 
times, or an insufficiently wide border on the 
original bromide print. 

See also: Blisters; Faults; Hot weather processing; 
Tropical photography. 
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FRONT ELEMENT FOCUSING. Method of 
focusing in which the front component of the 
lens is moved in or out to focus the image. 

FROST. The photographic possibilities of 
frost are mostly confined to pictures of trees 
and bushes white with rime and to records of 
the frost patterns on window-panes. With the 
first type of subject a filter must be used when 
the sky is included in the picture or the frost- 
whitened branches and twigs will disappear 
above the line of the horizon. As frosty subjects 
of this sort are generally photographed in dull, 
overcast weather (the rime quickly disappears 
in sunshine), the contrast of the negative may 
have to be exaggerated by prolonging develop- 
ment. 

Frost patterns on window-panes are best 
photographed from the inside against a back- 
ground formed by supporting a sheet of black 
cloth or dull black paper at 45° outside the 
window. The room should, at the same time, 
be darkened except for the one window to 
guard against unwanted reflections. 

The most beautiful effects with frost pat- 
terns are obtained by photographing them as 
large as possible. This can be done by normal 
close-up or macrophotography techniques. 

For photography in frosty weather the lens of 
the camera should be at the same temperature 
as the air, or it will mist over and give a blurred 
image. For this reason the camera should not 
be carried in an inside pocket if it is to be used 
for taking photographs in the open air. A warm 
camera taken out in cold air tends to form mist 
on the inside of the lens. The lens of a cold 
camera, brought into a warm room, tends to 
mist on the outside. P.J. 

See also: Cold weather; Snow. 

FUNNEL. Aid to pouring liquids into narrow- 
necked bottles. It consists of a hollow stem, 
widening out into a flared conical shape. 

F nels may be made of glass or plastic; the 
latter are usually more practical as they are 
less easily breakable. Pliable plastic funnels 
(polythene) are particularly useful. 

The neck of the funnel should be ribbed, so as 
to leave an air space when it is inserted into the 
neck of a bottle. 

Funnels can also be used for filtering; in that 
case a filter paper or a plug of cotton wool is 
inserted in the top. 

Most conical funnels flare out at an angle of 
60°. The size is specified by the diameter at 
the top. For most photographic purposes a 
4 ins. (10 cm.) funnel is a suitable size. 

FUSE. Safety device consisting of a deliberate 
weak link in an electriccircuit designed to break 
the circuit when the current exceeds the safe 
working level. Usually the fuse is a short length 


of easily fusible wire (hence its name) inserted 
in the circuit in the form of a cartridge, or 
wired across a pair of contacts fitted to a por- 
celain holder. 

If the circuit becomes overloaded (either 
through a short-circuit of bare wires touching, 
or through connecting across it more lamps or 
other gear than it can carry) the wiring heats 
up. The fuse then melts and breaks the circuit 
before any other parts of the wiring can heat 
up sufficiently to do any damage. 

Open wire fuses can be repaired easily by 
just replacing the molten piece of wire. The 
correct gauge of fuse wire should always be 
used. With cartridge fuses the whole cartridge 
must be replaced. If the fuse blows again 
immediately, the wiring of the circuit or the 
appliances in it must be checked for faults. 


FUSE RATINGS 


Type of Circuit 
or Appliance 

Type of 
Fuse 

Rating 

(Amps.) 

Location of Fuse 

Amplifiers, 
and other Indi- 
vidual low power 
appliances 

Cartridge 

2-3 

In appliance 

Projectors and 
other more 
powerful units 

Cartridge 

5 

In projector 

Houaellghtlng 

circuits 

Porcelain 

5 

In fuse box 

Power circuits 

Porcelain 

10-15 

In fuse box, some- 
times in power 
socket 

Main collective 
house circuits 

Porcelain 

20-40 

In special fuse box; 
sometimes these 
are service fuses 
and must be re- 
paired only by 
service staff of 
electricity sup- 
pliers 

Individual 
power units 
(heaters, etc.) 
with fused 
plugs 

Cartridge 

3-13 

(according 
to appli- 
ance) 

In plug 


When replacing or repairing fuses, the rating must never 
exceed that of the blown fuse. If a heavier fuse Is Inserted 
In the circuit, It may be able to carry agreater load than the 
rest of the wiring and is then no longer a weak link; i.e., it 
Is useless as a safety device. 

Common fuse ratings are shown in the table 
above. The heavier fuses and those covering 
the lighting and power circuits of a flat or 
house are generally installed in fuse boxes with 
a main switch. The box can only be opened 
when the circuit is switched off. In the case of 
cartridge fuses or f uses in individual appliances 
(tape recorders, amplifiers, projectors, etc.) 
the equipment must be disconnected from the 
electricity supply (not just switched off) before 
attempting to replace or repair the f use. L. A.M. 

See also: Wiring. 
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GAIN (PROJECTION). Measure of the 
useful brilliance emitted by a projection screen 
in relation to the intensity of the illumination 
falling on it. When a perfect diffuse reflector or 
(back projection) transmitter, illuminated by a 
light intensity of one foot candle, has an 
apparent brightness of one foot lambert, its 
gain is unity in all directions. 

As no screen will diffuse or reflect all the 
light falling on it, the gain of a screen is always 
less than unity, although directional screens 
may have a gain of more than unity over a 
narrow zone immediately in front. 

See also: Projection principles; Screens for projection. 

GALVANOGRAPHY. Term applied to photo- 
graphic processes in which a photographically- 
produced relief image is given a conducting 
coating of black lead and then heavily electro- 
plated to form a shell. This then can be backed 
up with type metal to form a printing plate for 
photomechanical reproduction. 

GAMMA. Gamma is a sensitometric quantity 
derived from the characteristic curve of photo- 
graphic emulsions. It is loosely interpreted as a 
measure of the contrast reproduced in a nega- 
tive image, i.e., the ratio of negative contrast to 
original subject contrast for a given range of 
tone values. Such a comparison is based on the 
assumption that the brightness values of the 
subject tones can be accurately measured, and 
that the corresponding negative densities fall 
within the straight-line portion of the charac- 
teristic curve — a condition rarely fully satisfied 
in practice. Gamma is often also quoted as a 
yardstick for the degree of development, 
especially when film manufacturers recommend 
development times for their materials. In that 
sense it can be said that negatives developed to 
the same gamma show comparable tone re- 
production. 

In technical terms, gamma (written y) stands 
for the slope or inclination of the straight line 


part of the characteristic curve. Mathema- 
tically it is defined exactly like the slope of a 
railway line — i.e., as the ratio of the height 
gained to the distance travelled in a horizontal 
direction. In our case the height is density (D) 
and the base is the log of the exposure (E). 
So y = D/log E. 

Gamma is important to the photographer 
because it tells him how his photographic 
material will respond to a change in exposure. 
In a material with a low gamma, a small change 
of exposure will produce a small change in 
density; but the same small change of exposure 
with a high-gamma material will produce a 
much larger change in density. 

Materials capable of widely different gamma 
values are available. The particular type of 
material that the photographer chooses depends 
on how he intends to translate differences in 
brightness of the object — and hence differences 
in exposure — into differences in density on the 
film, plate, or paper. If the brightness 
differences — i.e., the tone range of the subject — 
are small, he chooses a material of inherently 
high gamma. If they are large and he wishes to 
record the total range of exposures, he chooses 
a low gamma material. 

Negative Materials. In practice each of the 
mam groups of negative materials has its own 
very definite gamma characteristics. 

Normal photographic subjects call for films 
and plates with a gamma value of around 1 -0, 
varying from 0'6 to 1 -5. This enables the 
emulsion to record the wide range of tones 
which occurs in an outdoor scene. When 
printed on a material of similar gamma value, 
the print will be as true a reproduction of the 
original as is possible. The exact condition for 
this occurs when gamma (negative) x gamma 
(positive) — 1. Tins is known as the Goldberg 
condition. 

X-ray records have to be made on very 
sensitive films of high gamma. Here the image 
has inherently very low contrast, and a high 
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gamma material enables the radiographer to 
reproduce the small differences in log brightness 
as much larger changes in density, thus 
increasing the sensitivity of the method. X-ray 
films may reach gamma values of well above 3. 

Document copying and process work require 
materials of even higher gamma values. Here 
it is only necessary for the photographic 
material to record two tones: black and white. 
Often a typed letter represents quite small 
differences in log exposure which are turned 
into large differences in density in the copy. 

For process work, the differentiation between 
black and white must be as great as possible. 
Materials with gamma values between 5 and 10 
are available for this purpose. 

Printing Papers. To match the films and 
plates mentioned, there are photographic 
papers with a correspondingly wide range of 
gamma values. Gamma values are not, how- 
ever, commonly quoted for papers, since it is 
not usual to confine the image to the straight- 
line portion of the characteristic curve. Average 
slope figures are used instead. These may be 
taken, for example, between two points on the 
curve where the slope is one-tenth of the 
average slope. 

Most papers for the printing of snapshots, 
etc., are divided into 4 to 6 grades, the slopes 
of which match the range of the negative 
materials used for this purpose. Papers 
described as soft or normal will make a good 



GAMMA AND CONTRAST. Top: A negative of gamma unity 
reproduces the subject tones as corresponding image opacities, 
with the image being of the same contrast as the subject. 
Bottom: A negative of high gamma reproduces only a limited 
range of subject tones, and exaggerates the contrast 


print from a negative developed to a gamma of 
around 1 and their slope figure is of the order 
of 2. Very soft papers have slope figures of 
half that value, and very hard papers may have 
slopes half again as great. Papers for docu- 
ment and process work are harder still and 
slope figures are not as a rule quoted. 

These references to the slope values of papers 
must not be misunderstood. As a rule a paper 
is not chosen because it will give satisfactory 
tone reproduction from a given negative, but 
simply because its useful exposure scale is 
identical with the density range of the negative. 
More exactly, the paper is chosen because its 
useful exposure scale covers that part of the 
density range which the photographer wishes 
to reproduce in his print. This choice ensures 
that he will make use of the full range of tones 
from black to white that the paper is capable 
of reproducing. It means also that the relative 
tone values, far from being faithfully repro- 
duced, are in most instances falsified. 

Gamma Control by Processing. The gamma 
value of a photographic material is not fixed 
and can often be varied within wide limits by 
the method of development and the choice of 
developer. In general, gamma is low for short 
times of development or if the temperature of 
the developer is low. As the time of develop- 
ment is increased, gamma values rise until they 
reach an optimum value which is known as y* 
(gamma infinity). The plot of gamma against 
time of development is known as a gamma- 
time curve; such curves are often plotted for a 
range of times of development. 

The type of developer used also affects 
gamma. The highest gamma values are 
obtained with very alkaline developers con- 
taining hydroquinone and sometimes no other 
developing agent. Fine-grain developers, such 
as buffered borax metol-hydroquinone de- 
velopers or developers based on p-phenylene- 
diamine, will give low gamma figures. By a 
suitable choice of developers and developing 
conditions gamma values varying between 1 -5 
and 3 may be obtained, for example, on the 
film used for document micro-copying. 

Information on the relationship between 
gamma and development is generally stated in 
the manufacturer’s descriptive literature, but 
where high accuracy is required such informa- 
tion must not be taken too literally. There 
may be variations between batches of the 
material and the conditions of development, 
agitation, etc., may not be the same — e.g., in 
the development of separation negatives. 

Separation negatives must be developed to 
the same gamma figure but gamma often 
changes with the colour of the exposing light. 
So any natural variation in gamma with the 
colour of the filter must be compensated for by 
changing the time of development. This means 
that the photographer must determine gamma- 
time curves under his own conditions which he 
must keep rigidly constant throughout. 
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GAMMA AND LIGHT COLOUR. The gamma obtained on a pan- 
chromatic material varies with the colour ( wavelength ) of 
light. This variation may be as much as 0 4 from blue to red. 

G amma and Wavelength. With many materials 
gamma changes with the colour of the exposing 
light. Materials behave differently in this 
respect and no general rule can be given, but 
usually the gamma value for a material 
exposed through a blue filter is lower than 
those for green and red filters. For ultra- 
violet light, gamma figures drop even lower, a 
fact which causes considerable difficulties in 
spectrographic work. The change is caused by 
the difference in absorption of the light by the 
photographic emulsion. With ultra-violet the 
absorption is so strong that only the top layer 
of the emulsion receives any light at all. 

The only way of preparing a sensitive 
material which has uniform gamma throughout 
the spectrum is to add to the emulsion a 
screening dye with an absorption spectrum 
complementary to that of the emulsion, so that 
the total absorption is constant at all wave- 
lengths. A material of this type is described 
as a constant-gamma material. 
Variable-gamma Materials. Many workers 
like a printing paper with a gamma or slope 
which they can alter at will so that they can 
print negatives of widely different contrasts 
without having to use different grades of paper. 
Papers of this type are in fact marketed by 
several manufacturers. They are prepared 
from a mixture of two emulsions, one hard and 
the other soft. One is dye-sensitized — e.g., to 
blue and green light — whereas the other 
emulsion may be sensitive to blue light only. 
By changing the colour of the enlarging light 
with different colour filters the proportion of 
the total exposure given to each emulsion can 
be controlled at will. With some materials a 
range of specific filters is supplied, one for each 
contrast grade. Alternatively, a single filter 
may be used to give one extreme of contrast, 
and the material exposed partly with and partly 
without the filter for intermediate gradations. 
In this way a selection can be made from the 
two emulsions, giving a range of contrasts 
equal to that normally covered by four or five 
separate paper grades. W.F.B. 

See also: Characteristic curve; Developing negatives; 
Sensltometry. 

Books: Exposure, by W. F. Be™ (London); Sensltom- 
e try , by L. Lobel and M. Dubois (London). 


GAMMA RADIOGRAPHY. Radiography 
using gamma rays, instead of the normal X- 
rays. Gamma rays are emitted by radioactive 
bodies and have a shorter wavelength than 
X-rays — i.e., around 10 -10 cm. — they are 
therefore more penetra ing. This form of 
radiography is now extensively used in indus- 
trial non-destructive examination of castings, 
welds, and moulded parts. 

The most widely employed sources of gamma 
radiation are radium and the gamma-active 
isotopes produced in atomic reactors. These are 
supplied in the form of cylinders of 1 to 6 mm. 
of isotopes of metals such as antimony, cobalt, 
iridium and tantalum. The gamma energy of 
the source and its other properties — e.g., half- 
life and activity per grain — are specified 
according to the type of specimen to be in- 
spected. 

One of the principal advantages of isotopes 
as a source is that they can be used in positions 
where it would be impossible to accommodate 
an X-ray tubs — e.g., inside pipes and on 
welded girder-work. 

The technique is simple: an X-ray type of 
film in a holder, usually sandwiched between 
lead foil intensifying screens, is placed against 
the subject, and the isotope is uncovered on the 
opposite side so that the radiations pass through 
the subject before falling on the film. By 
suitably choosing the characteristics of the 
source and the time of exposure, the resulting 
image reveals variations in the internal struc- 
ture of the specimen — e.g., flaws, scale inclu- 
sions, and cavities in welds and castings. 

Where a number of small items have to be 
examined in this way, the isotope is simply 
surrounded by any number of specimens, each 
one associated with its own film and screens. 
All are then exposed at the same time. 

Isotopes for gamma radiography are dan- 
gerous to handle; they are normally supplied 
in lead bombs which are opened from a distance 
with tongs or other remote handling equipment 
only when everything has been placed in posi- 
tion and no one is left within range. The 
exposure is made by uncovering the isotope and 
leaving it — often f or a day or more — in a locked 
room surrounded by the specimens to be 
radiographed. At the end of the calculated 
exposure time the bomb is again closed up 
before anyone is allowed to approach he 
specimens. 

Gamma radiations are used in he treatment 
of cancer but not normally for the radio- 
graphic examination of the body. F.P. 

See also: Industrial radiography. 

GAMMA RAYS. Radio-active radiations 
similar to X-rays but of a shorter wavelength 
and hence greater penetrating power. Gamma 
radiography with isotopes is now an important 
department of industrial radiography. 

See also: Spectrum. 
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GARDENS. Any attempt at conveying the size 
of a large garden generally results in extensive 
areas of uninteresting foreground. The massed 
flowers and main features of the small garden — 
lily pond, pergola, rockery, etc. — are generally 
laid out on a more modest scale that is easier 
for the normal angle lens to handle. 

Viewpoint. Generally it is better to choose 
characteristic portions of the garden rather 
than try to include the whole scene, and all stiff 
and formal effects should be avoided. Nothing 
is less attractive than a square-on photograph 
of a flower bed or border where a narrow 
uniform strip of flowers stretches.from one side 
of the picture to the other. Straight-down-the- 
garden-path pictures are equally dead looking. 

A viewpoint on a comer usually gives a 
picture in which the space is filled in a much 
more interesting fashion; paths then lead into 
the scene at an angle, and the varied masses of 
light and shade formed by groups of flowers can 
be balanced to make a pleasing composition. 

A camera at eye-level will lessen the import- 
ance of the closest blooms, but indicate size of 
bed and general layout. For distances of 10-20 
feet, waist-level viewpoints are of ten best ; much 
depends upon the varying heights of the flowers 
themselves, whilst for small border clumps 
camera heights of 1 to 2 feet at distances of 
4 to 8 feet are advised. Dead-overhead view- 
points of selected, even-growing masses, pro- 
vide interesting “pattern” pictures. 

It is often possible to find an effective 
viewpoint in which a view of the garden is seen 
from indoors through an open french window 
or door. And interesting photographs can 
often be taken from a first floor window — a 
viewpoint which, in many cases, has the 
advantage of excluding the sky. 

Garden Plants, Trees, Shrubs. Rockeries and 
massed blooms are easier to arrange in the 
picture space than isolated clumps of assorted 
specimens. 

In black-and-white pictures, the flowers of 
the lightest tones should be placed to provide 
the main point of interest, but in making colour 
photographs the place of interest should go to 
the most brilliant colour. 

Plants that carry all their interest at the top — 
like standard roses — are not easy subjects 
unless they are photographed close up. 
Flowering shrubs and fruit trees are good 
space-fillers for upright or square picture 
shapes. Dark shrubs and laurels make poor 
subjects but excellent backgrounds. 

Garden Furniture. Garden features like arch- 
ways, bird baths, sundials, steps and the like 
make excellent units for framing or furnishing 
the picture space, while ornamental loggias and 
lily ponds make good main features. Rustic 
furniture, especially when it is new and shiny, 
is risky picture material. If hanging baskets are 
included, they should appear in the foreground 
and show the support, not be left hanging in 
mid-air without a support. Statues and 


animals are best kept out of the picture as they 
attract all the attention and the garden becomes 
a mere setting for them. 

Backgrounds. The majority of garden photo- 
graphs are spoiled by aggressive backgrounds — 
white painted trelliswork, wire-netting, railings 
and ugly fencing. It is usually difficult to avoid 
this type of background but it is possible to 
play it down — it can be blurred by selective 
focusing and the picture can be taken when the 
background is in shadow. 

On the other hand, close-boarded fencing, 
wattle and old roughcast walls can actually add 
decorative interest to the picture if the lighting 
is oblique and shows up the texture. 

The sky, usually the best of backgrounds, is 
rarely effective in a garden photograph and is 
generally better cut out altogether by a suitable 
choice of viewpoint. 

Many garden pictures are marred by details 
that could easily have been avoided before the 
picture was taken — dead or withered blooms 
near the camera, stakes and canes, name-tags 
and odd tools. Daisies that pass unnoticed on 
the lawn come out as disagreeable white spots 
on the print. 

Lighting. The best lighting is provided by 
slightly diffused sunshine with plenty of 
reflection from white clouds. This type of 
lighting gives modelling and relief without 
dense black shadows. 

Flat, high angle or fully frontal lighting all 
tend to destroy modelling and depth, while 
back lighting is rarely effective, particularly 
when it shines through a network of small 
branches. 

Filters are not required unless the flowers are 
tall, and are photographed against a sky back- 
ground, when a 2x or 3x yellow, green, or 
yellow-green filter may be used with advantage. 
An orange filter gives greater tonal contrast, 
but at the expense of over-dark foliage. Broad 
lawns and open scenes which include the sky 
also need a filter. 

Early morning and evening sunshine is useful 
for spotlighting individual features, but it 
should always be supplemented by a white 
reflector or the shadows will be solid black. 
Camera. All the normal types of camera are 
suitable for garden photography. Even a fixed 
focus camera will turn out attractive garden 
pictures, but it calls for even more attention 
to the background than usual. A focusing 
camera has the advantage that it can be made 
to throw the background out of focus. P.J. 

See also: Botany ; Flowers; Trees. 

Book: All About Photos In Your Garden, by R. M. 
Fanstonc (London). 

GASLIGHT PAPER. Old name for contact 
paper, derived from the fact that it was 
designed for printing by artificial light, and 
introduced at a time when gas light was the 
normal artificial illumination. 

See also: Papers. 
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GAUDIN, MARC ANTOINE AUGUSTINE, 
1804-80, French photographer, optician, and 
scientist. Improved the daguerreotype process. 
Achieved the first instantaneous exposures in 
1841. Investigated (1841) the Becquerel effect. 
Studied gun cotton (1847) and silver halide 
Collodion emulsions (1853, 1861). Proposed 
(1853) potassium cyanide as fixing agent, gelatin 
and other substances as image carriers. 
Described (1861) an improved collodion emul- 
sion for negatives. 

GAUMONT, L£ON, 1863-1946. French 
pioneer of the cinema. In 1895 became director 
of the Comptoir Gdndral de Photographie 
and marketed the Demeny-Decaux Chrono- 
photographe. This was followed by other cine 
apparatus for professionals and amateurs and 
by still cameras, development machines, 
synchronized sound-and-film apparatus 
(Chronophone 1910), three-colour additive 
cine projection apparatus (Chronochrome 
1912), and the Ideal Sonore sound film method 
(1929). Important film producer. 

GAUSS POINT. Point on the optical axis 
of an objective situated at a distance from the 
f ocus equal to the focal length of the equivalent 
simple lens. There are two such points, one for 
the lens used normally, and one when it is 
reversed. Also commonly known as the nodal 
points. 

See also : Lens. 

GAY-LUSSAC, JOSEPH-LOUIS, 1778-1850. 
French chemist and physicist. Experimented on 
photochemical reactions, among them that 
between chlorine and hydrogen (1809). In 1839 
he made the report on the discoveries of 
Daguerre for the Chamber of Peers at the same 
time as Arago reported for the Chamber of 
Deputies. Suggested, with Arago, the possibility 
of producing maps photographically. 

GELATIN. Colloid extracted from animal 
wastes— e.g., bones, hoofs, horn and hides — by 
boiling. It is the medium used for the principal 
types of sensitized emulsion used in photo- 
graphy. 

Gelatin for making photographic emulsions 
is a superior form obtained from selected 
animal hides. It is insoluble in cold water but 
will absorb up to ten times its weight of water. 
It is soluble in all proportions in hot water and 
gels melt around 30° C. (90° F.). 

Alum, formalin, and a number of other 
substances act as hardeners when applied to 
gelatin; acetic, hydrochloric, sulphuric and 
oxalic acids dissolve it. 

A solution of an alkaline bichromate in 
gelatin is rendered insoluble by exposure to 
light. This is the basis of a number of control 
printing processes and most photo-mechanical 
reproduction processes. 


In the carbon process, for example, the 
exposed gelatin emulsion is washed with hot 
water which removes the soluble gelatin and 
leaves behind an image in insoluble exposed 
gelatin. 

In certain photomechanical printing 
processes, the unexposed gelatin is allowed to 
absorb water and swell up to give a relief image. 
In others, advantage is taken of the fact that 
the exposed gelatin accepts greasy printing ink 
while the unexposed emulsion rejects it. 

See also: Sensitized materials manufacture. 

GELATINO-. Prefix once applied to certain 
photographic processes and materials — e.g., 
gelatino-bromide process, gelatino-chloride 
paper — indicating the employment of an 
emulsion of light-sensitive chemicals in gelatin. 
The use of the prefix was more general at the 
time when gelatin emulsions were replacing 
collodion for normal photography. 

GELATIN-SUGAR PROCESS. Daylight print- 
ing process in which the action of light pro- 
duces selective hardening of a sensitized layer 
of pigmented gelatin and sugar coated on a 
paper base. The image is developed by washing 
away the unaffected material with hot water. 
The process is almost identical with the gum 
bichromate process. 

GENRE. Term for the type of photograph that 
depicts people in their normal environment of 
work or leisure. 

The essence of genre is its unaffected por- 
trayal of the everyday life of average men and 
women. Photography of this type is only 
successful when the whole feeling is natural 
and unforced. 

GEOLOGY. Geology is the study of the rocks 
which make up the earth’s crust and includes as 
sub-divisions mineralogy, palaeontology, cry- 
stallography, and the specialized study of metal 
ores. Technically a rock is any substance 
forming part of the earth’s crust; even such 
substances as coal and peat are rocks to the 
geologist. 

Field Work. Any part of the globe where natural 
rock is exposed is a suitable site for a geological 
investigation. Nowadays a great deal of the 
geologist’s work consists of laboratory exami- 
nation of specimens collected in the field and 
his records, as a result, consist largely of photo- 
micrographs and macrographs of material 
specially prepared. 

These records are not complete, however, 
without a certain amount of descriptive illus- 
tration of the locality and site from which the 
material was obtained. To complete the record 
photographs are usually desirable to show the 
topography of the terrain, the general configura- 
tion, bedding, etc., and direction and angle of 
dip (if any) of the exposed rocks. Photographs 
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of any usual or unusual features are taken 
which, used in conjunction with a map, give 
the reader a fair idea of what he would actually 
see on arrival at the site. 

The photographic apparatus carried should 
be as small and light as possible in view of the 
other equipment the geologist must carry. Any 
good film camera is suitable. A reflex is useful, 
but a miniature or folding roll film camera is 
more convenient. It must be bome in mind 
that a certain amount of scrambling over rough 
ground may have to be done and a secure, well- 
fitting camera case is essential. 

Preparation and Technique. When photo- 
graphing large expanses of exposed rock, it is 
obviously not practical to put in a great deal 
of preparatory work on the surface, but a fair 
amount of help can often be obtained from 
local conditions, if used to best advantage. On 
a weathered surface, for instance, the harder 
rocks or layers, being less worn, protrude 
beyond the surface of sof ter rocks. Cast shadows 
will show up such formations in strong relief 
at certain times of the day. 

Some idea of the size of the rock exposure 
should be recorded by including in the photo- 
graph a familiar object of known size. The 
geologist’s hammer will serve if it will be 
sufficiently visible in the photograph; for more 
extensive exposures, a walking stick painted 
alternately black and white in 6 ins. sections 
along its length is commonly used. 

When a site has been selected — e.g., a cliff 
face showing structures such as bedding — it is 
not advisable to photograph it in direct frontal 
lighting, as a good deal of the bedding which is 
faint will not record well. When possible, the 
site should be photographed when the light is 
falling at an oblique angle, thus forming a 
certain amount of shadow and exaggerating the 
structure. From small structures which have 
been badly weathered, loose grains and 
vegetable matter should be brushed away to 
reduce confusion in the photograph. 

Where colour variation is the main feature 
in a rock exposure, it is generally necessary to 
use a panchromatic emulsion with a suitable 
filter to record colour differences faithfully. 
35 mm. colour film has also been employed 
successfully for this purpose. The primary 
object of photography in the geological field 
is the production of a true and accurate 
record; the claims of an aesthetically pleasing 
picture and observance of the laws of composi- 
tion must always be of secondary importance. 

It is advisable where possible to take several 
shots of a site from different angles. These 
give a far better idea of the general lay-out 
than one comprehensive view. 

Panoramas. Reasonably pleasing panoramic 
views can be produced without the aid of a 
special camera if certain basic points are 
observed. These are: — 

(1) The number of exposures must be ade- 
quate to cover the area being photographed 


and an overlap of at least 25 per cent is nor- 
mally allowed from one exposure to the next. 

(2) The camera should be rotated through 
the necessary arc on an imaginary axis passing 
through the lens assembly. Mounting on a 
tripod is usually accurate enough for most 
purposes. 

(3) The base of the focal plane should be in 
the same horizontal plane throughout. 

(4) Exposures should be made in rapid 
succession, care being taken that moving 
clouds or other factors do not cause a variation 
in lighting conditions. 

(5) The prints should all be made at the same 
time, each print being carefully developed to 
the same density as its immediate neighbours. 
They are assembled into a panorama by mount- 
ing on cardboard and roughly tearing the over- 
lapping print at the matching point so that a 
chamfered edge is obtained. The tear is so made 
that the chamfer occurs on the underside of 
the overlapping prints. By using this procedure 
the uneven edge of the tear will normally be 
almost invisible if the prints are well matched 
for density. 

Hand Specimens. Where the macroscopic 
structure of the specimen is of interest, the face 
to be photographed should be as flat as possible 
and, if necessary, should be ground flat or 
polished. This is done by grinding with succes- 
sively finer grades of abrasives, preferably in 
powder form moistened to a paste, on a flat 
surface until the required degree of detail in the 
surface of the specimen is visible. With a fossil, 
however, the shape and any signs of distortion 
are as important as the surface features and 
there should be no trimming or grinding 
of the surface. It should, however, be 
cleaned up to show the surface features to best 
advantage. Particles of the sedimentary rock 
surrounding the specimen should be picked out 
with a scriber or similar instrument, and the 
surface to be photographed brushed clean 
before photographing. 

Sometimes only the one surface is exposed 
and the specimen is left attached to a portion 
of its groundmass; at other times the specimen 
is picked clean and photographed against a 
black or white background. The treatment is a 
matter of individual preference, but it also 
depends on the nature of the specimen — e.g., 
it may be necessary to keep the specimen on its 
groundmass in order to keep it whole, just 
sufficient of the surface being picked and 
scrubbed clean to show the detail. 
Photomicrography. If the rock structure is too 
fine to record macroscopically, a thin section 
can be prepared and magnified by transmitted 
light through a microscope. 

The preparation of the thin section requires 
considerable skill and patience. One side of a 
small piece of rock is ground with fine car- 
borundum powder to give it a very smooth 
surface. It is then mounted on a glass slide 
with Canada Balsam. The other side of the 
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specimen is then ground with successively 
finer abrasives until it reaches the required 
degree of thinness. By polarizing the light 
through the microscope the thickness of the 
section is indicated by the colour of the crystals. 
From this colour the thickness can easily be 
determined with the aid of the polarization 
colour scale. 

Finally the thin section must be covered with 
Canada Balsam and then protected by a 
cover glass. 

Photographing the Thin Section. A petrological 
microscope is necessary for photographing thin 
sections since a great deal more detail and 
structure can sometimes be seen by using 
polarized light. 

Photomicrography is a skilled art and it is 
normally desirable to use an instrument 
specially designed for this work. Some 35 mm. 


cameras can be used and the manufacturers 
supply a special adaptor for this purpose. 
Provided certain rules are observed, it is 
possible to arrange a suitable plate camera and 
a microscope for satisfactory results. 

Normally petrological work does not call 
for a high degree of magnification, but the 
mining geologist frequently uses vep r powerful 
objectives when examining polished ore- 
minerals, and photographing these specimens 
with the aid of a vertical illuminator can be very 
difficult, even with a specially constructed 
instrument. 

All types of emulsion are used in this work, 
ranging from process to panchromatic, de- 
pending on the degree of contrast required and 
the presence or absence of colour in the 
specimen. M.C.K. & D.G.W. 

See also: Archaeology ; Metallography. 
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An important part in the invention and pro- 
gress of photography has been played by 
Germany, and today photography in the 
Deutsche Bundesrepublik (German Federal 
Republic, Western Zone), as well as being a 
recreation for millions of amateurs and the 
indispensable aid to most branches of science, 
engineering, and commerce, provides the basis 
for a flourishing industry with a world-wide 
reputation. Little information is available 
about conditions in the Deutsche Demokra- 
tische Republik (German Democratic Republic, 
Eastern Zone), and, except where specifically 
stated otherwise, the account given in this 
article of the present-day state of affairs in the 
photographic field refers only to the German 
Federal Republic/ 

Discoveries In Chemistry. 1193-1280: Albertus 
Magnus (Albert von Bollstadt, a Dominican 
monk), one of the most learned men of the 
middle ages, was the first to draw attention to 
the blackening of silver salts when in contact 
with organic substances. (“A silver nitrate 
solution dyes human skin black, and the dye is 
difficult to remove.”) 

1565: Georg Fabricius was the first to 
discover the existence of silver chloride as a 
natural mineral and to describe it. 

1683-1737: Kaspar Neumann was the first 
to give details of the sensitivity of mercury 
salts to light. 

1725: Johann Heinrich Schulze discovered 
that silver salts are sensitive to light. 

1782: A. Hagemann gave the first definite 
details of the sensitivity of gum to light. 

1801 : Johann Wilhelm Ritter discovered the 
darkening effect of invisible ultra-violet rays on 
silver chloride and was the first to observe the 
conflicting effects of red and violet rays. 

1812: N. W. Fischer discovered that silver 
albuminate is sensitive to light and ascertained 


further facts about the light sensitivity of silver 
compounds. 

1817: Theodor Freiherr von Grotthuss enun- 
ciated the law of photo-chemical absorption 
and elaborated the theory of chemical reactions 
to light. 

1831: Johann Wolfgang Doebereiner dis- 
covered the high light sensitivity of iron oxide 
and manganese oxide when combined with 
oxalic acid. 

1832: Dr. Gustav Suckow was the first to 
discover that potassium bichromate becomes 
light-sensitive when mixed with an organic 
substance. 

1839. 13th April: Franz von Kobell, to- 
gether with Steinheil, presented to the Baye- 
rische Akademie der Wissenschaften (Bavarian 
Academy of Science) paper negatives made in 
a cylindrical camera. 

1839: Albrecht Breyer invented the reflex 
method of photographic copying whereby 
opaque originals can be copied without using a 
camera. 

1873: Hermann Wilhelm Vogel discovered 
optical sensitization. It was of fundamental 
importance both for correct tonal rendering in 
monochrome and in colour photography. 

1891: Momme Andresen introduced the 
Rodinal developer on which many later 
developers are based. 

1895: Wilhelm Conrad Roentgen discovered 
X-rays and invented radiography. 

1901 : Hinricus Liippo-Cramer invented 
desensitization. 

1903: Adolf Miethe and Arthur Traube dis- 
covered isocyanine dyes and introduced them 
into photographic practice. They are of special 
importance for colour sensitization and paved 
the way for the modem panchromatic plate. 

1904: Otto Perutz succeeded in preparing 
the first panchromatic emulsion to incorporate 
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a permanent colour sensitizer. Additional 
sensitizing dyes were introduced by Ernst 
Kttnig, Benno Homolka and other chemists 
at the HOchst dye factory. 

1905: Adolf Tellkampf and Arthur Traube 
jointly invented the photographic tracing 
process known as “Fotoldruck”. 

1912 (1913, 1914): Dr. Rudolf Fischer took 
out basic patents for the subtractive colour 
process using intregal tripack film and paper, 
and involving colour development. 

1917: Gustav Kcegel invented the most 
widely used modem plan copying process — 
the Ozalid process, 

1920: Henricus Liippo-Cramer introduced 
desensitizers which made photographic develop- 
ment possible in relatively bright light. 

1920: Robert Schuloff discovered the green 
sensitizer. 

1936: Introduction of integral tripack colour 
process (Agfacolor) based on the work of Dr. 
Gustav Wilmanns and his associates, and 
using non-diffusing couplers. 

1949: Introduction of document copying 
process, based on the work of Dr. Edith 
Weyde, giving a direct positive from the 
original by image diffusion. 

Camera Developments. 1671 : Athanasius Kir- 
cher, a Jesuit, improved the latema magica. 

1676: First portable reflex box camera ob- 
scura described by Johann Christoph Sturing, 
Nilraberg. 

1685: Small box reflex cameras made by 
Johann Zahn. 

1 841 : Peter Wilhelm Friedrich Voigtiander 
produced in Vienna the first daguerreotype 
camera made entirely of metal. He also founded 
the firm of Voigtiander in Braunschweig (1849). 

1914: Oskar Bamack completed the first two 
models of the Leica camera. 

1925: Introduction of the Leica camera, 
marking the beginning of the miniature era. 

1928: Reinhold Heidecke introduced the 
Rolleiflex camera: the first precision twin-lens 
reflex. 

Development of Optics. 1840: Peter Wilhelm 
Friedrich Voigtiander pioneered the production 
of the Petzval lens. 

1865: Carl August Steinheil, working with 
his son Adolf, manufactured the distortion- 
free, symmetrical Periskop lens; and in the 
following year Adolf Steinheil computed the 
Aplanat lens, which was free from distortion 
and dispersion. 

1886: A glass technology laboratory was 
founded by Friedrich Otto Schott at the 
instigation of Ernst Abbe for the production of 
special glass for lens manufacture. This work 
laid the foundation of modem lens design. 
Abbe associated himself with Carl Zeiss’ 
workshop and later produced the anastigmat 
lens invented by Paul Rudolph. 

1889: Paul Rudolph computed an unsym- 
metrical anastigmat giving fine definition to the 
edge of the image. The Zeiss Protar and 


Tessar lenses were developed from this lens. 

1893: Emil von Hoegh, in the firm of C. P. 
Goerz, constructed the first symmetrical 
(Goerz) double anastigmat lens, the Dagor. 

1902: Christian Bruns and Friedrich Deckel 
constructed the Compound shutter. 

1912: Friedrich Deckel devised the Compur 
shutter, the most universally used between-the- 
lens shutter in the world today. 

1924: The Elmar, the first special anastigmat 
lens for the Leica, was computed by Professor 
Dr. Max Berek. 

Other Developments. 1839: 25th February: the 
word Photographic was first used in the journal 
Vossische Zeitung by Johann von Maedler. 

1879: Georg Meisenbach began a series of 
successful experiments in the direct reproduc- 
tion of half-tone images by means of a cross- 
line screen. Meisenbach’s Autotypie was the 
first photographic half-tone process to be used 
commercially in book printing. 

1925: Dr. Vierkotter introduced the safe 
and smokeless vacuum flash bulb with tin foil 
for electric ignition. 

Industry. The German photographic industry 
is almost as old as photography itself. As soon 
as the necessity for the manufacture of photo- 
graphic products arose, existing plants and 
laboratories took up the work and increased 
their sphere of activity. 

The following dates denote the origin of a 
number of firms whose activities reflect prac- 
tically the whole German photographic 
development. 

Voigtiander & Sohn (founded in Vienna in 
1756), in Braunschweig since 1849 — lenses, 
cameras. 

Dr. Carl Schleussner, Frankfurt-on-Main 
(since 1 830), supplied raw materials for the wet 
collodion process in 1 860. 

C. A. Steinheil, Munich (since 1837) — 
lenses. 

Carl Zeiss, Jena (since 1 846) — lenses. 

E. Schering, Berlin (since 1851) began the 
production of photographic chemicals in 
1854. 

Eduard Liesegang, Diisseldorf (since 1 854) — 
projectors, enlargers and photographic papers. 

Trapp & Munch, Friedberg, Hessen (since 
1861) produced photographic salts and albu- 
men papers. 

Zeiss-Ikon (a merger of the firms of Zeiss, 
Ika, Ernemann, Contessa, Nettel, Goerz), 
formerly in Dresden, now in Stuttgart and Kiel, 
traces its origin back to Richard Hiittig’s 
camera workshop in Berlin in 1862 — lenses, 
cameras. 

Ernst Leitz, Wetzlar, was founded by Carl 
Kellner and taken over by Ernst Leitz, sen. in 
1 869, the name being changed at the same time 
by the new owner — lenses, cameras, micro- 
scopes. 

C. P. Goerz, Berlin (since 1886) — lenses. 
After the first World War the firm passed into 
the hands of Carl Zeiss, Jena. 
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Agfa Aktiengesellschaft fiir Anilinfabrika- 
tion was established in 1867 and began produc- 
tion of photographic developers in 1 889. 

Mimosa, A. G., formerly in Dresden, now 
in Kiel, was founded in 1 889 in Cologna-Ehren- 
feld — photographic materials. 

Industry and the World Wars. Except for a 
monopoly of the production and supply of 
sensitizing dye stuffs, the German photographic 
industry before 1914 developed on s imilar 
lines to that of other European countries. 
After the First World War, in spite of the con- 
fiscation of many patents and the losses result- 
ing from the economic collapse, German 
industry made a remarkable recovery for the 
following reasons : 

(1) Manufacturers had to look for new pro- 
ducts and markets. Big firms incorporated old 
crafts and band-made goods to be manufactured 
on industrial mass-production lines. 

(2) New inventions were exploited as a 
vehicle for this drive (miniature camera, flash 
bulbs). 

(3) The industry publicized photography on 
a scale not previously attempted in Europe. 

The Second World War ended all this and 
the industry, in addition to suffering consider- 
able damage, was afterwards divided into two 
parts, one in the Deutsche Bundesrepublik 
(German Federal Republic, Western Zone) 
and the other in Deutsche Demokratische 
Republik (German Democratic Republic, 
Eastern Zone) 

Western Zone. Reconstruction began at once 
in the Federal Republic. In the first ten post- 
war years its photographic industry again be- 
came healthy, stable and successful. Three 
important factors helped to achieve this: 

(1) The revival of the Verband der Deutschen 
Photographischen Industrie e.V. (German 
Photographic Manufacturers’ Association) in 
Frankfurt in 1946 and its intelligent and ener- 
getic leadership. 

(2) The initiation of Photokina, the Inter- 
national Photo and Cine Exhibition, Cologne, 
which in 1950 for the first time displayed to 
visitors from all over the world the new German 
photographic products and their applications. 
From 1951 Photokina became international 
both in Its trade fair and its cultural section. 
It la now recognized as the most important 
exhibition of photographic products and activi- 
ties in the field of photography. The 1954 
Photokina attracted 408 industrial exhibitors 
from many countries, and many more nations 
contributed to the picture exhibitions. The 
fair occupied 520,000 square feet and there 
were more than 176,000 visitors during the 
ten days of opening. 

(3) The foundation of the Gesellschaft zur 
FOrderung der Photographic e.V. (Society for 
the Advancement of Photography), Frankfurt, 
an organization financed voluntarily and 
jointly by Industry and dealers. It has created 
a centre supplying the press, free of charge. 


with articles on photography and good pictures, 
it runs a general advertising campaign for the 
benefit of photography, and engages in many 
other promotional activities. 

Total production in 1954 was valued at 
553-6 milli on DM. (chemicals and sensitive 
materials 193-7 millions, apparatus 359-9 
millions) of which goods to the value of 286-7 
millions (chemicals and sensitive materials 
50-7 millions, apparatus 236 millions) were 
exported. The value of 1954 exports was three 
times that of the 1938 level. 

There are over 10,000 retailers in the 
German Federal Republic (Western Zone) and 
their interests are represented by Deutscher 
Photo- und Kinohdndler-Bund (German Photo- 
graphic Dealers Association) at Hamburg. 
Besides the usual photographic supplies and 
processing services, many dealers run their own 
lectures and instruction courses. The leading 
German photographic mail order house, 
reputed to be the biggest organization of its 
type in the world, employs a staff of about 1 ,000 
and claims to have achieved a turnover of 
approximately 40 million DM. in 1954. 

Eairton Zone. After the Second World War the 
photographic industry in the Eastern Zone was 
at first dismantled up to 95 per cent, then 
rapidly rebuilt and, until the end of 1953, mainly 
exploited for reparations. With a few excep- 
tions the firms were nationalized in the process. 
Rebuilding of the industry was to be under- 
taken under a two-year and a five-year plan 
and according to official announcements the 
target has been exceeded. The mechanical and 
optical sections of the industry announced 
that the 1952 production target of over 580 
million Ostmarks was exceeded by 93 millions. 
The 1953 target of 728 millions was stated to 
have been exceeded by 53 millions. Of the total 
output of cameras, it is stated that about 90 
percent is exported. 

The main export market of the Eastern Zone 
— corresponding to about 15 per cent of the 
pre-war German exports — is in Eastern 
Europe, in territories within the Russian 
sphere of influence and to some extent in the 
United States of America. The German 
Federal Republic (Western Zone) admits 
photographic products from the German 
Democratic Republic (Eastern Zone), but the 
Eastern Zone is closed to the products of the 
Western Zone. 

There are no central organizations of the 
photographic trade in Eastern Germany corres- 
ponding to the West German associations. The 
individual regions of the German Democratic 
Republic have, however, organized Guilds or 
Trade Unions of photographers, which are 
affiliated to, and centrally controlled by, the 
Chamber of Trade. 

Societies and Clahs. The leading German 
photographic society is the Deutsche Geaell- 
schaft fiir Photographic e.V. (Tho Photo- 
graphic Society of Germany) in Cologne. 
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Membership is by invitation ODly, and it is 
open to persons who have distinguished them- 
selves in the service, and furthered the pro- 
gress, of photography. The Society sponsors 
the Arbeitsgemeinschaft Jugend Photographi- 
ert (Young Photographers' Community) for 
the encouragement of photography among 
about 8 million girls and boys. 

The top practising photographers are 
organized in the Gesellschaft Deutscher Licht- 
bildner (Society of German Photographers). 
Members must submit work for each annual 
exhibition. The bulk of the professional photo- 
graphers is embraced by Centralverband des 
Deutschen Photographenhandwerks (Federal 
Association of the Photographic Craft) count- 
ing about 6,000 members. 

Press and magazine photographers are 
organized in a special section, the Fachgruppe 
Bild (Illustrative Group) of the Deutscher 
Joumalistenverband (German Journalists* 
Association) in Frankfurt-on-Main. 

The amateur clubs — about 300— are fede- 
rated to the Verband Deutscher Amateurfoto- 
grafen-Vereine e.V. (Association of German 
Amateur Photographic Clubs) which in its 
turn is affiliated to the Federation Interna- 
tionale de l’Art Photographique. 

Clubs in Eastern Germany mainly take the 
form of photographic circles and associations 
in schools, colleges, and, higher educational 
institutes as well as in various factories through- 
out the country. 

Schools. The leading school of photography, 
the Hdhere Fachschule fur Photographic 
(High School for Photography) was built and 
opened in Cologne in 1954. It is sponsored and 
financed jointly by the State North-Rhine- 
Westphalia, the City of Cologne, the photo- 
graphic industry and trade. It enjoys the repu- 
tation of being the best equipped place for 
studying and practising photography. It has 
three sections, one for instructing dealers 
and dealers' employees, one for creative and 
colour work and one for research. It covers 
45,000 square feet and occupies six floors. 

Three more schools, Bayerische Staatslehr- 
anstalt fur Lichtbildwesen (Bavarian State 
School of Photographic Arts) in Munich, 
Staatliche Hochschule fur Bildende Kiinste 
(State School for Art) in Hamburg and Lette- 
schule (Lette School) in Berlin endeavour to 
educate pupils mainly in the creative side of 
photography. There are also a number of 
private schools, many of which specialize either 
in particular techniques — e.g., colour — or 
follow definite artistic trends. 

In Eastern Germany the D.E.F.A. Film- 
kopierwerk (Motion picture printing labora- 
tory of the D.E.F.A. film company) of K0p*- 
nick provides instruction in some aspects of 
photographic technique. 

Publications. Since the early days of photo- 
graphy the firm of Wilhelm Knapp in Halle has 
published a wide range of standard works of 


scientific and artistic value intended both for 
professional and amateur photographers. This 
firm now publishes in Diisseldorf the monthly 
magazine Foto Prisma for professionals and 
Foto Rundschau for amateurs. The firm of 
Heering of Seebruck-am-Chiemsee, besides 
publishing a number of books, is also respon- 
sible for Photo Magazin, the largest German 
amateur photographic magazine, and the 
dealers’ magazine Der Photohandler. 

A Berlin publishing house specializing in 
periodicals for the radio, photographic and 
motion picture industries, publishes the 
monthly magazine Photo-Technik und Wirt- 
schaft, dealing mainly with industrial and 
trade matters. In Stuttgart, Dr. Wolf Strache 
revived in 1955 the famous pre-war yearbook 
Das Deutsche Lichtbild. 

There are three magazines in Eastern 
Germany. Der Fotofalter aims to give pro- 
fessional advice on all questions of photo- 
graphy and also carries information on new 
developments, equipment, etc. Die Fotografie, 
published by a firm still operating as Wilhelm 
Knapp in Halle, also carries technical informa- 
tion as well as pictorial illustrative matter. 
Bild und Ton is a professional journal dealing 
exclusively with technical and scientific photo- 
graphy. The Zeitschrift fur wissenschaftliche 
Photographic published in Leipzig is a tech- 
nical periodical dealing with scientific aspects. 

Dr. Erich Stenger of Kreuzwertheim-am- 
Main is responsible for an important scientific 
and historical collection, which bears his name. 
Artistic Trends. The first important exhibition 
aimed at raising the level of pictorial photo- 
graphy was organized in Hamburg in 1893 by 
Ernst Juhl and Alfred Lichtwark. The principal 
participating photographers were Rudolf 
Diihrkoop of Hamburg, Nicola Perscheid of 
Berlin, Wilhelm Weimer of Darmstadt, and 
Hugo Erfurth of Dresden, later Cologne. 
Another outstanding international exhibition 
was staged at Dresden in 1909. 

After the First World War two main trends 
developed, both of which had a profound in- 
fluence on photography everywhere. 

One was the abstract movement, derived 
from the famous Bauhaus in Dessau, later 
Weimar, which became the pioneering centre 
of modem art where photography was recog- 
nized and encouraged as a means of artistic 
expression. Well known personalities from 
many lands — e.g., the Hungarian, Laszlo 
Moholy-Nagy, and the Austrian, Herbert 
Bayer — were attracted to the Bauhaus, worked 
there, and carried the Bauhaus spirit abroad. 
The use of photography for publicity, as in 
posters, murals and book-covers, was one of 
the particular achievements of the Bauhaus 
Group. The outstanding event of the period 
was the exhibition Film und Photo, Stuttgart, 
1929. 

A typical lone worker of the same period 
was Albert Renger-Patzsch who specialized in 
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the portrayal of simple objects, hitherto over- 
looked by photographers, often in a new large 
close-up treatment. His rendering of these 
objects came to be known as the Neue Sach- 
lichkeit (New Objectivity) and it revealed both 
the abstract and the factual beauty of our every- 
day surroundings. 

Another factor was the rise of camera 
journalism. In this the publishing house of 
Ullstein, Berlin, with the magazines Berliner 
Illustrirte, Uhu and Die Dame paved the way 
for photo journalism as we know it today. 
Dr. Erich Salomon was a singularly out- 
standing photographer in the field of candid 
photography and his remarkable studies of 
political personalities, taken with inferior 
materials and the available light without the 
victim's knowledge, introduced a new era in 
photographic reporting. Many other photo- 
graphers who have since achieved world fame, 
such as Alfred Eisenstaedt, first obtained 
recognition through their work for Ullstein. 
Leading illustrated magazines the world over 
owe much to the ideas and initiative of these 
German photographers and publishers. 


G1A 

Dr. Paul Wolff did much to rescue photo- 
graphy from stiff formality in his pioneer use of 
the miniature camera for his dynamic and un- 
orthodox pictures. His work inspired amateurs 
and professionals alike to look at people and 
the world around from a new angle. 

The main aim of photographers in the 
Western Zone since the war has been to catch 
up with the progress made in the western 
world during the pre-war years, to leam to 
use new equipment and techniques — e.g., 
electronic flash — and to resume the experi- 
mental work of the period between the wars — 
e.g.', abstract and impressionist trends like 
"fotoform” and “subjektive fotografie” but 
with a modem approach. 

A most hopeful proof of the new vision of 
modem times was afforded by the Arbeits- 
gemeinschaft Jugend Photographiert exhibition 
at Photokina 1954 at which the youngest 
exhibitor was 1 2 years of age. The 200 photo- 
graphs selected from many thousands of 
entries showed that the German Federal 
Republic is contributing a new share in the 
field of creative photography. L.F.G. 


GEVAERT, LlEVIN, 1868-1935. Belgian 
photographer. Founder (1894) of the N.V. 
Gevaert Photo-Producten works in Antwerp. 
Gevaert manufactured originally photographic 
papers but soon started manufacture of all 
types of film. 

GHOST. Gratuitous image of a light source 
formed by double reflection between the 
internal surfaces of the front and back com- 
ponents of a lens. Ghost images are trouble- 
some if they are sharp, and lens designers try 
to arrange matters so that they will be diff used 
over the whole focal plane and therefore less 
obvious. Most lenses produce ghost images if a 
brilliant light source is included in the field of 
view. 

Such images are a particular kind of flare 
spot in the form of an actual image, generally 
distorted, of the light source. A window will 
often appear as a ghost image in an interior, or 
a bright patch of sky in an outdoor scene. The 
ghost is usually inverted and occurs on the 
opposite side of the picture to the true image. 

See alto: Coated tens ; Flare; Faults ; Halation ; Irradia- 
tion. 

GHOST PHOTOGRAPH. Trick effect pro- 
duced by making two exposures of the same 
scene on the same plate. The first exposure is 
made of the empty scene, and the second with 
someone present — e.g., sitting in a chair. The 
print shows the sitter as a transparent figure 
through which the background can be seen. 

It is equally effective, and sometimes more 
convenient to photograph the person against a 
dead black background and then make a 


normal exposure on the same plate of the scene 
in which the ghost is to appear. In this case the 
position of the ghost must be marked on the 
focusing screen so that it can be correctly 
placed in its setting in the second exposure. 

The same technique can be used with a cine 
camera to produce a moving picture of a ghost. 

See also: Spirit photography; Tricks and effects. 

GIANT ENLARGEMENTS. A correctly ex- 
posed and developed negative should enlarge 
up to twenty diameters without too serious a 
loss of resolution. To produce prints of this 
proportion involves no basic departure from 
normal enlarging technique. The main con- 
sideration is that of equipment — what new 
equipment must be obtained and how best to 
modify and use existing equipment, particu- 
larly in relation to the space available. 

Enlarger. When considering the enlarger it is 
important to remember that the light source 
will be much farther away than usual from the 
printing base. A light source of the double 
condenser type makes focusing easier, mini- 
mizes loss of contrast and cuts down the length 
of exposure. 

Where there is enough working space the 
ideal instrument is undoubtedly the horizontal 
enlarger. Few models are now made, but 
second-hand ones can be obtained and are 
relatively inexpensive. A second-hand quarter- 
plate or half -plate field camera will serve very 
well as the basic component of a home-made 
horizontal enlarger. 

It is possible to convert some vertical en- 
largers to horizontal operation. In a number of 
instances the lamphouse assembly can be 
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HIGH ENLARGER MAGNIFICATIONS. Top left: Right-angle 
projection via a 4S° mirror in front of the lens. Top right: 
Swinging the lamp house through 90°. In both cases the paper 
is pinned to a suitable wall. Bottom: Projecting on to the floor. 

swung and locked in the horizontal position, 
and there is also available a periscopic attach- 
ment that fits on to the enlarger lens and throws 
an image at right angles to it. In other in- 
stances the lamphouse assembly can be com- 
pletely detached and secured in a home-made 
horizontal cradle. 

It is possible, however, on many vertical 
enlargers to throw a larger-than-normal image 
vertically by mounting the lamphouse assembly 
on the outside of the column and projecting 
the image over the edge of the bench on to the 
floor. The baseboard must be securely weighted 
down — e.g., with a pile of books. 

Equipment. Outsize dishes are not essential. 
Three dishes, 16 x 20 ins. can be used to 
develop, rinse and fix prints of a considerably 
larger size. An ordinary domestic bath, pro- 
vided the water is changed frequently, will 
serve very well as a washing tank. 

Bromide and chloro-bromide paper can be 
bought in rolls in two standard widths, 20 ins. 
and 40 ins., the normal length being 25 feet. 

The following items will be needed for cut- 
ting the paper: 

(1) A sharp-pointed, short-bladed knife. 

(2) A metal or hardwood straightedge. 

(3) A strip of hard, smooth material (sheet 
metal, sheet plastic or glass) as a cutting base. 

Because it is packed in a tight roll the paper 
will retain a spring-like curl until it has been 
well immersed in developer. The normal mask- 
ing frame, therefore, besides being too small. 


would be inadequate to hold the paper firmly 
in position. It can best be secured to the base 
by darkroom pins. 

Printing. The printing of giant enlargements 
calls for no departure from the normal pro- 
cedure in the preparation of negatives. How- 
ever, greater care than usual must be taken 
to keep negatives free from dust, scratches 
and other blemishes. Proper attention to clean- 
liness in processing can save hours of afterwork 
on the print. 

In the following outline of print-making 
technique it will be assumed that the object is 
to produce an enlargement 20 x 30 ins. 

Cut off a strip of paper from a 20 ins. roll 
and make the normal exposure test. 

Cut a 32 ins. length of paper off the roll. 
Pin this length into position along the two 
20 ins. edges. Do the same along the 32 ins. 
edges without piercing the paper — i.e., so that 
only the head of the pin presses down on it. 

The scale of enlargement required will make 
a long exposure time necessary. For this reason, 
the strongest illumination that can be safely 
used should be fitted in the enlarger. 

Processing. When the paper has been unpinned 
after exposure, it will spring back into a tightly- 
wound scroll 20 ins. in length. 

Grasp the centre of the scroll with one hand 
and with the other slacken off about 12 ins. 
of paper, holding it tautly away from the 
scroll. 

Feed the leading edge of the paper into the 
20 ins. side of the developing dish. Press it 
firmly to the bottom and make sure it is 
quickly immersed by vigorous movements of 
the hand from side to side. Slacken off a further 
lengLh of paper and repeat the process, while 
at the same time rolling up the paper from the 
leading edge until the whole area of paper has 
been drawn through the developer and 
thoroughly immersed. 

Continue coiling and uncoiling the paper, 
first from one end and then from the other, 
until development is complete. 

The print will now have become limp and 
easy to handle. Fold it in half, emulsion out- 
wards (making sure it does not crease), rinse it 
in a water stop bath, then transfer it to the 
fixing bath. 

To avoid uneven development it is essential 
to cany out the initial immersion in developer 
as quickly as possible. The beginner may find 
it easier to soak the paper in water after 
exposure until it is limp and easy to handle. 
The paper should then be wound once again 
into a scroll, drained, and fed into the deve- 
loper by the method already described. The 
print, having been fixed and washed, should be 
secured to a line by clothes pegs and left to dry. 

When dry the print is trimmed to size and 
knifed and spotted. Particular care is given to 
spotting out the white marks left by the pin 
heads along the edge of the print. D.M. 

See also: Enlarging; Photomurals. 
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G LAIS HER JAMES, 1809-1903. British 
physicist and meteorologist. Made valuable 
contributions to photographic chemistry, emul- 
sion making, actinometry, specsrophotography 
and colour analysis. Third president of the 
Royal Photographic Society, holding the 
longest te m of office (1869-74, 1875-92). 

GLAMOUR PHOTOGRAPHY. Whatever 
it means in other applications, the word 
"glamour” means to the photographer the 
result of certain tricks and devices delib- 
erately employed to enhance the specifically 
physical qualities in the portrait of a beautiful 
woman. Most of these techniques originated 
in the motion picture studios. In most cases, 
the aim is frankly to create an appearance of 
refined sex appeal. 

Sex appeal is basic to glamour, but so is 
refinement. Any suggestion of vulgarity in a 
picture, and all glamour is ruined. 

Much trickery has been invented by photo- 
graphers in recent years to accomplish the basic 
purpose of the glamour photo — to make the 
subject look more desirable. Most of the 
trickery involves sublimating the earthy ele- 
ments of sex appeal, and translating them into 
classic or stylized terms and interpretations. 
The best glamour picture is always an idealiza- 
tion of feminine beauty as well as a subtle 
compliment to the feminine appeal of the 
subject. 

Unless the subject is a flawless beauty, how- 
ever, with features such as no artist could im- 
prove, the glamour photographer must do more 
than merely record his subject’s beauty in 
specific detail. Instead, he may show very 
little which is specific, and let bis picture con- 
sist of a few vivid impressions. 

Glamour photography incorporates a num- 
ber of specialized techniques to arrive at the 
desired effect. Here are the principal consider- 
ations. 

(1) The model. The model must have at least 
the basis of glamour, in the form of either 
beauty or sex appeal, and the more obvious 
these qualities, the easier the task of creating 
a glamorous picture. 

(2) The setting. Take the pictures against a 
glamorous backg ound, perhaps suggesting a 
life of ease and wealth. Remember, the object 
is to make your sitter look desirable. The setting 
should have an intimate and inviting air. In the 
studio, such a setting can be suggested with a 
simple prop. 

(3) The costume. Intimate garments such 
as nightdresses and negligees have the highest 
glamour potential for studio pictures, whereas 
bathing suits and other sports costumes are 
favoured for outdoor shooting. 

(4) The pose. Try to show the best features 
of a girl’s figure in silhouette, put special 
emphasis on a good bust line and on trim hips 
and legs; then pose her face to give a flattering 
view of her hair, lips and eyes. 


(5) Expression. For the intimate studio 
glamour shot, the ideal expression requires the 
girl to look pleasantly approachable and is 
arrived at usually by experiment — e.g., she may 
be asked to try sly, seductive smiles, to part her 
lips invitingly, to think about something good 
to eat, to try sidelong glances or direct gazes. 
This is the most difficult aspect of glamour 
photography in the studio. Working outdoors 
with the model in play clothes, it is much easier. 
It is necessary simply to have her look happy 
and friendly, as if she were naturally full of fun 
— and the quality will be there. 

(6) Lighting. All the standard techniques of 
lighting for portraiture and figure work can be 
well applied in glamour photography. Basically, 
the theory is to emphasize the subject’s most 
interesting features with highlights, and to 
subdue or conceal her other features with 
shadows. 

(7) Make-up. This is especially important for 
indoor glamour work. Make-up artfully 
applied can do much more than cover com- 
plexion defects: it can accomplish some of the 
same purpose as lighting, stressing the good 
features and subduing, or better still co recting, 
less pleasing features. 

(8) Retouching. Here again, the main appli- 
cation is for indoor close-up studies. The re- 
toucher can work magic on a portrait type of 
glamour shot, removing all defects in the com- 
plexion, adding highlights where they will do 
the most good, and generally rounding off even 
the bone structure of the model. Backgrounds 
also can be subdued if necessary. If the photo- 
grapher lacks the skill to do the retouching 
personally, there are professional retouchers 
who will do the job for him. 

(9) Diffusion. Here is a trick which anyone 
can apply quickly and easily to glamourize his 
subject. Simply place a diffusion attachment in 
front of the lens when shooting the picture, or, 
if no such attachment is available, use a piece of 
black gauze. The effect is to show all the main 
lines of the picture with apparent clarity, while 
all the undesirable details (complexion defects, 
hair on arms, and wrinkles) are obscured. It is 
important to accomplish the diffusion in the 
camera, rather than in the enlarging process. 
Camera diffusion spreads the highlights and 
lightens the shadows; enlarger diffusion, on 
the other hand, spreads the black accents and 
shadow areas and degrades or greys the high- 
lights. 

(10) Use good taste. It is treacherous work 

to seek consciously to emphasize sex appeal 
and there is a constant danger that the picture 
may become offensive. Remember that, while 
the sitter may wish to appear glamorous and 
will co-operate to that end, she will certainly 
not thank the photographer for making her 
look cheap or vulgar. E.M.H. 

See also: Make-up for photography; Models ; Portraiture. 

Books: AU About Pretty Girls, by Eugene M. Hanson 
(London) : How to Photograph Women, by Peter Gowlnnd 
(New York). 
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GLASS. Transparent brittle substance made 
by the fusion of certain silicates. Physically it 
is a supercooled liquid, with no regular solid 
structure such as a crystal lattice. Different 
mixtures of various metallic silicates produce 
glasses of different optical properties. Apart 
from its use for the manufacture of lenses, glass 
is used in photography as a support for nega- 
tive and positive emulsions (plates and slides), 
for glazing printing and picture frames, and for 
graduates, processing dishes, tanks, funnels and 
bottles for the various chemical solutions. Of 
the solutions that attack glass, hydrofluoric 
acid and certain of its salts are the only ones 
likely to be used by the photographer. 

The greatest disadvantage of glass for articles 
in regular use is its brittle nature. A number of 
items of photographic glassware are nowadays 
made of a special hard glass similar to the 
familiar glass ovenware, but this material tends 
to make a clumsy, heavy article. For such 
purposes, plastics — in particular the flexible 
polythene varieties — are becoming increasingly 
used. 

The hard surf ace of glass can be made to take 
an extremely high polish, however, and in this 
respect it probably has no equal at a competi- 
tive price. Because it gives a higher quality 
glaze than any other material, many photo- 
graphers and a number of commercial printers 
use plate glass sheets for glazing prints in spite 
of its inconvenience. 

See also: Optical glass. 

GLASS PICTURES. Photographic images can 
be etched on glass by using a gum bichromate 
print as an intermediate. The process gives a 
“print” from a positive transparency, the 
image appearing as a positive when it is viewed 
against a dark background. 

The Negative. Sized paper is first coated with a 
solution of one part each of gum arabic, sugar, 
and ammonium bichromate in eight parts of 
water and allowed to dry in the dark. The 
prepared paper is then exposed to daylight 
behind a positive transparency. 

The sensitized layer of gum is hardened and 
made less sticky by the action of light, so, at tbe 
end of exposure, the areas behind the clear 
parts of the transparency are not as sticky as the 
areas behind the denser parts. While the surface 
is in this condition, it is dusted with fine 
bitumen powder; the powder sticks to the 
lightly-exposed areas more readily than to the 
heavily-exposed areas. The result is a direct 
positive of the transparency in bitumen dust 
on the sensitized paper. 

This image is pressed into contact with the 
glass plate which has been previously warmed. 
The warmth softens the bitumen dust and 
makes it stick to the glass surface. When the 
paper support is soaked with water and peeled 
off, the bitumen powder is left and forms a 
positive image resist of the original trans- 
parency. 
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Etching. The glass is then exposed to the etching 
action of hydrofluoric vapour. Where the 
surface is protected by the bitumen dust, no 
etching takes place; elsewhere the glass is 
attacked by the acid and the result is a photo- 
graphic image. The bitumen dust is finally 
washed off with petrol. 

This is a reversal-negative process; the gum- 
bichromate-bitumen image being a reversal 
stage. The etched image is negative but acts 
as a positive since the dense areas scatter light 
and appear bright instead of dark. Hence the 
need for a positive original. 

This method produces images which are an 
integral part of the glass. Image layers can be 
produced on top of the glass by any of the 
methods described for printing on metals. 

Photographs may also be printed on a glass 
surface by any of the regular methods of 
printing on solid supports — i.e., the glass may 
be coated with a sensitized emulsion and 
printed under a negative by contact or enlarg- 
ing; or it may have an image transferred to 
it by the transfer coating process; or it may 
take the place of the final support in the 
carbon or carbro processes. 

Pictures in Glass. By an entirely different 
process photographic images can be formed 
inside the glass. 

This process makes use of a special type of 
photosensitive glass containing colloidal silver 
or other metal in suspension. The glass is 
exposed through a negative to a strong source 
of ultra-violet light. This converts the colloidal 
metals in the glass into a form in which they 
can be precipitated and rendered visible. The 
actual precipitation is brought about by heating 
the glass to just below its annealing temper- 
ature. The result is a visible image embedded in 
the glass. L.A.M. 

See also: Printing on special supports; Stripping. 

GLASSWARE. Glass is a transparent material, 
therefore the shape of anything made of glass 
can only be clearly defined by lighting it so that 
it stands out as a dark shape against a light 
background or as a brightly lit shape against a 
dark background. With some subjects it is 
effective to combine both methods. 

Silhouette Treatment. With the first type of 
lighting some of the sparkle of the glass may 
be lost but every detail of the shape will be 
perfectly clear. This is a great advantage if the 
photograph is to be reproduced. Glass most 
suitable for this treatment should be tall rather 
than squat — i.e., vases, decanters, jugs, etc. — 
and it should not have too much decoration. 

For this type of photograph the subject is 
placed, preferably on a plain surface or on a 
sheet of glass, near the edge farthest from the 
camera. This arrangement prevents the back- 
ground line from cutting through the subject. 
A vertical white background, several feet 
behind the subject, is lit by spot or floodlight. 
No light is allowed to fall on the subject, 
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therefore it stands out in silhouette. Variations 
in the background are sometimes made by 
casting shadows across it. This calls for care to 
avoid confusing the outline of the subject. For 
the same reason, textured backgrounds are 
avoided as they tend to give a false texture to 
the subject itself. 

The best viewpoint for this type of photo- 
graph is nearly level with the base of the subject. 
Highlight Treatment. It is more difficult to 
photograph glass so that it appears light against 
a dark background and the technique varies 
to some extent with the type of glass. Cut or 
engraved glass usually looks best against a 
dark background, more especially a plain 
surface that does not fight with the pattern on 
the subject. And it should curve upwards 
behind the subject so that there is no horizontal 
edge to cut the photograph in two. Tracing 
paper laid over a sheet of plate glass provides 
one suitable type of background as it enables 
the subject to be lit from below — a form of 
lighting which is often necessary. 

The main modelling light is kept low and 
almost behind the subject. It is usually provided 
by a spotlight to ensure that light falls only on 
the subject, leaving the background in shadow. 
Where this light does not illuminate the subject 
sufficiently a second spotlight underneath the 
background is directed vertically upwards on 
to the subject; this light helps to outline such 



LIGHTING GLASSWARE. Top: Against light background lit 
by flood. Centre: Against black background with subject spot- 
fit. Bottom: Backlighting by sunlight streaming in through 
window: reflecting screen used on shadow side. The two camera 
positions yield a white and a black background respectively. 



ETCHED GLASS IMAGES. To take an etched motif In a window, 
the back Is evenly lit by several lamps, or one lamp moved Into 
successive positions during the course of the exposure. The 
camera should point squarely at the window. 

parts as the rim of a glass or vase or it may be 
used to pick up highlights in the base and stem. 
The viewpoint for this type of photograph can 
be anything up to 60° above the horizontal, 
but experienced workers tend to keep it lower. 
Combined Silhouette and Highlight Treatment. 
A combination of light and dark background 
tones is usual with flatter subjects like ash-trays, 
shallow bowls and dishes. The subject is placed 
on a sheet of clear plate glass which is supported 
3 or 4 feet above a plain white background. 
This white background is then lit by a spotlight 
adjusted until the areas of highlight and shadow 
look right when seen from the camera view- 
point. The final effect is that part of the subject 
is silhouetted against a light area, while parts 
like the rims and upper edges stand out as 
highlights against the shadow area of the back- 
ground. A second light source above the plate 
glass is occasionally directed on to the subject 
itself to add extra highlights and sparkle. 
Equipment. Really high class work for catalogue 
and “glossy” magazine reproduction is almost 
always done with a large format plate camera 
using a long focus lens stopped right down to 
give the necessary depth of field. 

As with most commercial photography, a 
lens with a long focal length is generally chosen 
to avoid closa-up distortion. 

Normally, when photographing glass, best 
results are obtained from panchromatic 
material which helps to prevent excessive 
contrast in the negative. If the glass is not 
coloured, an orthochromatic material is just 
as good. D.L.H. 

See also: Ceramics; Silverware. 

GLAUBER’S SALT. Another name for 
sodium sulphate decahydrate. Used to prevent 
swelling of emulsions in hot weather processing. 

GLAZERS AND GLAZING MACHINES. 
Prints may be glazed by using a glazing sheet 
on its own or in conjunction with a glazing 
machine. In the latter case, heat is applied to 
the glazing sheet to speed up the process. 
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For really large scale glazing where high 
speed is important, rotary glazers incorporat- 
ing their own glazing surface may be used. 
Glazing Sheets. Any smoothly polished, hard 
surface is suitable for glazing. Special sheets 
for glazing can be bought; these available are 
usually enamelled metal or chromium, the 
latter being more expensive but less likely to 
scratch easily. 

Glass is a suitable substitute for a chromium 
glazing sheet, and it is almost universal opinion 
that plate glass will give a much better glaze 
than any other material; it does, however, need 
meticulous and regular polishing. Prints may 
even be glazed by squeegeeing them direct on to 
windows provided that the glass is perfectly 
smooth and clean. 

Glazed tiles are suitable for glazing prints, 
although the surface of the tile must be free 
from cracks if a smooth glaze is to be obtained. 

Glass and tiles are not suitable for use in a 
flat bed glazer where heat is applied. It is 
invariable practice to use chromium glazing 
sheets in machines. 

Flat Bed Glazer. A flat bed glazer consists of a 
shallow metal box with a slightly curved top. 
This forms the bed of the glazer; it is heated by 
electric elements inside the box, the temperature 
being controlled by a switch and thermostat. 

The bed is made to accommodate a standard- 
sized glazing sheet. An open frame carrying a 
pressure cloth of fabric is fastened over the bed 
so that the pressure cloth holds the glazing 
sheet in close contact with the top of the bed. 

In use the heat is switched on while the wet 
prints are being squeegeed on to the glazing 
sheet. The glazing sheet is then laid on top of 
the bed and the pressure sheet is stretched over 
it and fastened down. After a period of 5 to 10 
minutes, the prints dry and can be removed 
from the press. 

Glazers of this type are made to take from 
one to four 8 x 10 ins. prints and consume 
from 300 to 1,000 watts depending on the size. 
Rotary Glazer. Wholesale photo-finishers, 
photographic agencies and others turning out 
large quantities of prints use power-driven 
automatic rotary glazing machines. 



FLAT BED GLAZEJL The prints an squeegeed on the glazing 
sheet which In turn Is heated from below. A fabric apron keeps 
the prints pressed against the sheet 
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ROTARY GLAZER. The prints are applied to the glazing surface 
of a rotating heated drum, and pressed In contact by the con- 
tinuous apron. One revolution glazes and dries the prints. 

In these machines the glazing sheet takes the 
form of a large cylinder mounted on a 
horizontal spindle and turned by a small 
electric motor. The wet prints are fed under a 
squeegee roller at the top of the rotating drum 
and held in contact with the polished surface by 
an endless band of fabric. 

Electric elements heat the drum from the 
inside, and the rate of rotation is adjusted so 
that the prints emerge dry and glazed from 
under the fabric band after making about half a 
revolution in contact with the drum. 

Such machines are intended for continuous 
operation and have an output of 1 ,000 to 2,000 
2i x 3i ins. (6x9 cm.) per hour or an 
equivalent area of prints of other sizes. F.P. 

See also: Drying equipment. 

GLAZING. When prints are made on gaslight 
or bromide paper, a glossy surface adds to the 
contrast and gives a better rendering of fine 
detail. So a glossy surface should always be 
used for small contact prints and all photo- 
graphs intended for reproduction. Glossy paper 
as supplied by the manufacturer dries with a 
shiny surface, which can be further improved 
by glazing. The wet print can be glazed by 
squeegeeing it on to a clean polished surface. 

For small scale glazing, almost any highly 
polished surface will serve, but a sheet of 
polished plate glass, free from scratches, gives 
the highest gloss. Many workers use chromium 
plated steel sheets, and thick celluloid and 
glazed pulp boards are also used. These 
replace the once-popular ferrotype plates made 
of enamelled iron which were cheap but had 
the disadvantage that they were easily damaged. 
Preparing the Surface. The glazing surface must 
be clean. The best way of cleaning it is to rub it 
vigorously with a pad of cotton wool or clean 
rag soaked in methylated spirit. The surface is 
then dusted with French chalk and polished 
with a clean dry cloth. Or the surface may be 
polished with the following mixture: 

Beeswax 2 ounces 50 grams 

Turpentine 40 ounces 1,000 c.cm. 

A few drops are applied over the whole surface 
with a piece of clean rag, after which it is 
polished with a clean dry cloth. 
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Glazing Solution. When prints are simply 
squeegeed on to a polished surface they often 
have an annoying tendency to stick. This 
tendency can be overcome and a much higher 
gloss given to the surface by using a glazing 
solution. 

For those who like to make up their own, the 
following formula is offered: 

Prepared ox gall i ounce 12 c.cm. 

Water about 40 ounces 1,000 c.cm. 

The prints are soaked in the solution for about 
five minutes before glazing. 

There are a number of proprietary glazing 
solutions on the market. These solutions may 
be applied direct to the glazing surface in their 
concentrated form, or they may be diluted to 
make a bath in which the prints are soaked. 

After the prints have been allowed to soak in 
the dilute solution they are removed one at a 
time and the surface is lightly swabbed with 
cotton wool to remove scum or small particles 
of grit. The print is lowered to the glazing 
surface one end first so that no air is trapped 
between the print and the glazing surface. If 
the concentrated solution is used it is rubbed 
lightly over the polished surface and the prints 
are laid on it straight from the final washing 
water. 

To ensure even glazing, the prints are best 
squeegeed on to the plate once they are in 
position. A suitable method is to cover the 
prints on the plate with a rubber sheet and 
gently squeegee from one end to the other with 
a flat or (preferably) roller squeegee. After 
that the plate is drained, the rubber sheet 
replaced and squeegeed again more firmly. 
Finally it is advisable to blot off all surplus 
water from the back of the prints before letting 
them dry or inserting the plate into a hot 
glazer. 

When completely dry the prints will either 
fall off, or they can be removed by inserting the 
blade of a knife under one edge and pulling the 
print gently off the glazing surface. 

In wholesale photo-finishing the prints are 
squeegeed on to a polished chromium-plated 
drum or sheet and dried off in a few minutes by 
artificial heat. These hard- worked surfaces are 
kept clean by washing them frequently with hot 
water and soap. 

It is not necessary with modem papers to 
harden the prints before glazing as the 
emulsions are sufficiently hardened during 
manufacture. As a precaution, a fixing- 
hardening bath should be used in the tropics 
or in very hot weather. Prints that have not 
been hardened take the highest gloss. 

Faults in Glazing. If good quality paper is used 
and the glazing surface is kept scrupulously 
clean most glazing troubles will be avoided. 
There are, however, some faults that have other 
causes: 

Prints refuse to strip after drying: generally 
caused by a dirty surface, or exhausted glazing 
solution. If the trouble is very frequent, it can 



GLAZING. The steps involved are: I . Clean the glazing plate 
thoroughly, then pour a few drops of water on to it. 2. Carefully 
lower the print on to the glazing plate. 3. Tap the back of the 
print with the fingers to expel any air. 4 . Squeegee dawn, first 
in one direction, then in the ocher 5. Place the glazing plate 
into the hot glazer, and fasten down the cloth apron, then leave 
until dry. For cold glazing blot off surplus water, and leave the 
plate to stand on edge until dry. 
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be avoided by drying the prints first, and then 
soaking them for ten minutes before glazing. 

Small unglazed specks: squeegeeing is to 
blame and is failing to make perfect contact 
between the print and the glazing surface. Or 
small particles of grit in the washing water may 
be clinging to the print and keeping it out of 
contact with the glazing surface. 

Oyster shell markings: these are caused by 
patchy drying through the uneven application 
of heat, or changes of temperature during the 
drying period. 

Glazing Matt Surface Prints. A matt surface 
shows less detail than a glossy surface and it 
also has a shorter range of contrast. For this 
reason, matt surfaced prints are preferred for 
pictorial work where a slight suppression of 
hard detail is often an advantage. 

But a matt surface print can be glazed when 
necessary; it may be that the negative is not 
available and the print is needed for photo- 
mechanical reproduction. Glazing is also 
helpful when a print upon a matt surface paper 
is to be copied. 

It is never possible to produce a very high 
glaze on a matt surface print, but it can be made 
about equal to the surface of a glossy print 
before glazing. 

A matt print can be given a gloss with a 
vamish made up by diluting printer’s white 
spirit vamish (as used for finishing show cards) 
with a little turpentine and spirit. The vamish 
is applied on a pad of cotton wool or clean rag 
with a circular motion over the print surface. 
It is essential to make the application as even 
as possible. The vamish takes several hours to 
dry, therefore the whole operation must take 
place in a dust-free atmosphere. A number of 
trade preparations can be bought for use 
instead of the vamish recommended above; 
these are sold under various names. R.M.F. 

See also: Drying; Faults. 

Bookj: Enlarging, by C. I. Jacobson (London); The 
Complete Art of Printing and Enlarging, by O. R. Croy 
(London). 

GLOSSIES. (Slang.) The more expensively pro- 
duced illustrated weekly and monthly maga- 
zines, so called because they are printed on 
highly finished art paper (ideal for reproducing 
photographs by the half-tone process). 

GLOSSY PAPER. Photographic printing 
paper with a smooth shiny surface that can be 
further emphasized by glazing. It is almost 
essential for prints used for reproduction. 

A glossy surface is devoid of surface texture 
and is thus invisible — like the surface of a 
polished mirror. It therefore shows up all the 
detail in the photograph. This is an advantage 
with small prints; it explains why they look 
so much clearer than prints on unglazed or 
matt papers; it is also the reason why glossy 
paper is used for technical photographs. Be- 
cause the smooth surf ace does not scatter light. 


a glossy print can show much deeper blacks, 
and thus is able to cover a greater brightness 
range and reproduce shadow detail better than 
a rough surfaced print. 

The light reflected from the fullest black on a 
glazed glossy print is of the order of 1-2 per 
cent of the incident light, while on a matt print 
it is around 5-10 per cent. Assuming a maxi- 
mum reflectivity of 80-90 per cent from the 
pure white paper, the brightness range of a 
glossy print can be as high as 50 : 1, and of a 
matt print about 15 : 1 or 10: 1. 

The increased brightness range is also im- 
portant in copying for photomechanical repro- 
duction; and explains why prints on glossy 
paper always reproduce best. 

But the glossy surface has disadvantages for 
ordinary prints. Because it shows up detail, it 
tends to emphasize graininess, scratches and 
other blemishes. Under-exposed shadow areas 
show up as featureless black patches on glossy 
paper, where a matt or textured surface would 
break them up and make them less noticeable. 

Finally, it is difficult to retouch a print on 
glossy paper without the work being visible. 

GLYCERINE. Used to thicken reducers, etc., 
for local application; also when enlarging 
scratched negatives. 

Formula and molecular weight: (CH,OH), 
CHOH; 92. 

Characteristics: Colourless oily liquid with 
sweet taste. 

Solubility: Mixes with water in all pro- 
portions. 

GLYCIN. Para-hydroxyphenyl glycine; 
Kodurol. Developing agent. 

Formula and molecular weight: C a H,(OH) 
(NHCH,CO,H); 167. 

Characteristics: White powder. 

Solubility: Practically insoluble in water, 
but freely soluble in solutions containing 
sodium carbonate or other alkali. 

GODDARD, JOHN FREDERICK, 1795- 
1866. English daguerreotypist. Speeded up the 
process by combining two sensitizers (bromide 
and iodide). 

GOERZ, CARL PAUL, 1854-1923. German 
optician. Founder (1886) of the C.P. Goerz 
A.G. works in Berlin-Friedenau. Manufac- 
tured cameras f rom 1888 and the f amous Dagor 
double anastigmat lens (calculated by von 
Hoegh) from 1892; also the wide-angle 
Hypergon (1900), cine apparatus, optical 
instruments and telescopes. Introduced race 
finish photography in 1922. The factory later 
merged into the Zeiss-Ikon A. G. combine. 

GOLDBERG WEDGE. Sensitometric wedge 
giving a continuously increasing density from 
one end to the other. It consists of a layer of 
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gelatin which is thicker at one end than the 
other — i.e., wedge shaped. The gelatin is 
evenly tinted and, because of its varying 
thickness, gives a changing density. The gelatin 
is sandwiched between glass. 

See alio: Sensltometry; Wedge. 

GOLD CHLORIDE. Chlorauric acid. Used 
in gold toners. 

Formula and molecular weight: AuCI,. 
HC1.4H.O; 412. 

Characteristics' Very hygroscopic yellow 
crystals. 

Solubility: Highly soluble in water. 

GOLDEN SECTION. (Sectio a urea.) Art 
term derived from interpretation of classic 
architecture and referring to the division of a 
line in such a way that the smaller division is to 
the longer as the longer to the whole. The 
resulting proportions have been claimed to 
yield ideal rectangular picture shapes. Loose 
usage of the term led to the belief that this point 
of division could also be used as a fulcrum of 
pictorial composition by only approximating 
the calculations involved. 

GOLD POTASSIUM CHLORIDE. Used in 
gold toning baths. 

Formula and molecular weight: KAuCL. 
2H t O;416. 

Characteristics: yellow deliquescent crystals. 
Should be kept in the dark in sealed tubes, or 
as a I per cent solution in distilled water. 
Solubility : Highly soluble in water. 

GOLD SODIUM CHLORIDE. Gold sndio- 
chloride. Used in gold toners instead of gold 
chloride, where a neutral solution instead of the 
acid one produced by gold chloride is required. 

Formula and molecular weight: AuCl«. 
NaCUH.O; 428. 

Characteristics: Hygroscopic yellow crystals. 
Solubility: Very soluble in water. 

GOODWIN, HANNIBAL, 1822-1900. Ameri- 
can clergyman and amateur photographer. 
Filed in 1887 a patent application for films of 
silver bromide gelatin emulsion coated on 
celluloid strip supports. The patent was 
granted in 1898 and 1914 after a long lawsuit 
against the Eastman Kodak Company. 

GRADATION. Term referring to the tone 
scale or contrast range of a developed image. 
An image which shows a large number of inter- 
mediate tones of grey between the extreme dark 
and light tones is said to have a soft gradation; 
if there are only a few recognizable shades of 
grey between the extreme dark and light tones, 
it is said to have a hard gradation. 

The gradation of an emulsion is at once 
obvious from the steepness of its characteristic 


curve. An emulsion with a steep curve will 
possess a harder gradation than one with a 
shallow curve. If both emulsions receive the 
same range of regularly increasing exposures, 
the hard emulsion reaches maximum density 
in a few steep steps while the softer must be 
taken up a greater number of shallow steps to 
reach the same density. 

Generally speaking, where the subject 
contains a large number of tones which must be 
reproduced to convey a true impression of its 
appearance— e.g., a rounded surface — a soft 
gradation sensitive material must be used. 
Where there are only a few intermediate tones 
— e.g., in a silhouette or in deliberate posteriz- 
ation — a hard gradation is more suitable. 

There is a fairly constant relationship be- 
tween speed and gradation: slow materials 
tend to have a hard gradation and f ast materials 
a soft gradation. 

Speed is generally the important factor in 
deciding the choice of a negative material, but 
development papers are classed according to 
their gradation. Speed in this case is un- 
important, but the gradation of the printing 
paper decides the tone scale of the final image, 
therefore the gradation of the paper is the 
thing that matters most. 

Development and developers exercise a 
definite effect on the gradation of an emulsion. 
Broadly speaking, extended and concentrated 
development tends to give hard gradation and 
curtailed and dilute development gives soft 
gradation. F.P. 

See also: Contrast ; Negative materials . 

GRADE. Classification of the inherent con- 
trast in printing papers (which are usually 
obtainable in a range of different contrast 
grades). 

See also: Papers. 

GRADIENT. Slope of the characteristic curve 
of the emulsion at any point, and a measure 
of the contrast of the image at that point. 

GRADUATE. Graduated vessel — usually of 
glass — for measuring the volume of liquids. 
Normally scaled with etched or painted figures. 

See also: Measures. 

GRAIN. The normal negative image consists 
of black metallic silver distributed more or less 
in proportion to the light that acted on the 
material during the exposure. Areas that received 
a relatively great exposure show a greater 
image density than those receiving less expo- 
sure. But the silver forming the image is not 
as evenly distributed as it appears to the naked 
eye. Examination under the microscope reveals 
that it is made up of irregularly shaped clumps 
of black silver. These clumps are formed by 
groups of the original exposed silver bromide 
grains after development has changed them into 
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black metallic silver. While the grains appear 
to have grown together to form the larger 
masses of silver visible under the microscope 
they do not as a rule touch, and the apparent 
clumps are the result of the random distribu- 
tion of the original halide crystals in the photo- 
graphic emulsion. 

In addition to being visible under the micro- 
scope, the grains also become apparent in the 
print when the negative is enlarged. The grains 
then tend to break up the image and give it an 
unpleasant, mealy appearance. This is the 
reason why so much attention is given to the 
elimination or reduction of grain by manu- 
facturers and photographers. 

Speaking generally, the grain size of an un- 
developed photographic emulsion increases 
with its sensitivity so that fast emulsions have a 
coarser grain than slow ones. The grain in a 
developed emulsion also tends to increase with 
the size of the crystals in the undeveloped emul- 
sion and as a rule it increases with the develop- 
ment time. 

Graininess and Granularity. The graininess of a 
developed photographic material refers to the 
appearance of the finished photograph and may 
be defined by the distance from which a photo- 
graph has to be viewed to make the grainy 
impression disappear completely. On the other 
hand granularity is physical and may be de- 
fined in terms of the local changes in density 
when a narrow pencil of light scans the test 
patch. Both granularity and graininess are 
subjects of a great deal of present-day research, 
one of the aims being to define a method of 
determining the granularity which will link it 
with the grainy appearance of the picture. 
The problem is still largely unsolved. 

The Print. Graininess in the print is always 
worst in the middle tones. The grains of paper 
emulsions are always much finer than those 
of negative emulsions and the positive image 
is — where graininess is a consideration — usually 
an enlargement of the negative, consequently, 
the graininess of the print is essentially due to 
the negative image. The print graininess is 
low in the highlights where a small change in 
density in the negative is reproduced by a much 
smaller change in density in the print because 
here the emulsion is being used in the region 
of the toe of the characteristic curve for the 
paper. Graininess is also reduced in the deep 
shadows, since here the eye is not as sensitive 
to small changes in density. 

The Negative. The graininess of the negative 
increases continuously with the density. A 
heavily exposed and consequently dense 
negative yields a much more grainy print than 
one normally exposed. This makes it important 
to choose the camera exposure correctly. 
Similarly a print from a foggy material tends 
to be a good deal more grainy than one from a 
clean negative. 

The fact that the photographic image is built 
up from a large number of small grains limits 


the degree of enlargement which can be used in 
practice, for two reasons. One is that the grainy 
appearance is often considered unpleasant, the 
other that the presence of grain limits the 
resolving power of a photographic material so 
that the picture appears blurred if enlarged 
unduly. W.F.B. 

See aJso: Developing negatljes: Fine grain technique; 
Negative materials. 

Books: Exposure, by W. F. Berg (London); Photographic 
Emulsions, by E. J. Wall (London). 

GRAIN (WEIGHT). Smallesl unit of weight 
used in all British and American systems of 
measurement. 

See also : Weights and measures . 

GRAININESS. Mealy appearance of the 
printed image caused by the clumping together 
of the silver grains forming the negative. 

See also: Grain. 

GRAM. (French: Gramme). Unit of weight in 
the metric system related to the other units by 
powers of ten. 

See also : Weights and Measures. 

GRANULARITY. Term referring to the 
structure of the sensitive emulsion as repre- 
sented by the measured variation in the distri- 
bution of an apparently uniform silver deposit 
It is a scientific concept whereas graininess is a 
subjective impression; a highly granular, but 
very dense deposit would appear less grainy 
than a lighter deposit which was observed by 
the eye at a correspondingly more discriminat- 
ing level of visual acuity. 

See also; Grain. 

GRATICULE. Pattern of fine lines (hairs, 
scratches, or strands of silk) superimposed on 
the visible image in a piece of optical equipment 
— e.g., a telescope, or microscope. The spacing 
of the lines enables the instrument to be 
used for measuring size or displacement of 
objects in the field of view. 

GREETING CARDS. The photographer has 
the opportunity of producing original greeting 
cards which will appeal more to the recipients 
than the mass-produced cards sold in the shops. 
He can make Christmas cards, birthday cards, 
baby arrival cards, bookmarks, gift cards, 
wedding congratulation cards, wedding anni- 
versary cards, or “get well” cards. They can 
be produced in many ways and range from 
straightforward prints to those made by photo- 
montage, or from black-and-white to colour. 
Simple Cards. The simplest greeting card can 
be made by pen lettering a greeting with opaque 
ink on the back of a film negative, and then 
printing by contact or enlarging. This can be 
done by anyone, and is easier than trying to 
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write a greeting in reverse on the film side of 
the negative, or making a copy negative of the 
combined greeting and illustration. 

Another simple method is to put the photo- 
graphs in commercial printed folders. This, 
however, can hardly be claimed as making 
greeting cards. 

A development of this idea — and one which 
is attractive — is to use master masks for the 
greeting part of the card. These can be ob- 
tained commercially and with a wide range 
of designs, but it is not difficult to make them 
at home. An original is first drawn in Indian 
ink on white paper to conform with the size 
of the finished cards. A space is left where the 
illustration is to be printed later. The surround 
can be decorated with a fine line or fancy 
bordering, or the whole area can be left com- 
pletely blank, so that the picture has a white 
border when printed later. 

A copy is now made on a process or line 
film and developed in a maximum contrast 
developer to obtain a good contrasty negative. 
This copy can be made on one of the special 
thin base process films, and then later an 
opening can be cut out to allow the film 
negative to be inserted below. The combination 
when printed by contact will be perfectly sharp. 
The size of the copy negative will depend on 
the size that the finished card is to be. If the 
illustration is 2 x 3 ins., then half plate size 
would be suitable for the master mask negative. 
This idea is also useful in that a few copies 
can be printed from each of a selection of 
different negatives, instead of having to keep 
to the same illustration on every card. 

After the film is dry, the opening for the 
subject negative is cut out, and the negative 
taped in place. A piece of cellulose tape is 
ideal for this purpose and, as the background 
negative has great density, it will not show. 
The opening for the illustration negative can 
be cut with a sharp penknife or a razor blade, 
and a steel rule and set square. It is important 
to see that the edges are cut clean, square and 
straight. 

If glass plates are used for the background 
negative instead of film, the window for the 
illustration negative can be cleared by scraping 
ofT all the gelatin emulsion from the glass base. 
When the film is placed on this and printed by 
contact, there will be some very slight softening 
of the background design unless a great deal 
of pressure is used to secure optical contact. 
The cards can be printed from such a multiple 
negative, however, by projection in the enlarger. 
It may be necessary to shade either the illus- 
tration or background negative during exposure 
to give the same printing density to each part. 
Folded Cards. A variation on the above method 
of making photographic greeting cards is to 
use a much larger sheet of photographic paper 
for the greeting card background and then 
double or four-fold it, to improve on the 
ordinary flat greeting card. This looks effective. 


but, if expense is a consideration, the large size 
photographic paper needed for this method is 
costly. For example, to produce a four-fold 
card size 4x5 ins. needs a piece of 8 x 10 ins. 
photographic paper foreachcard. 

If a two-fold or a four-fold card is made it 
can have a touch of colour added with a bow 
or knot of ribbon tied at the side. Selecting 
the colour of the ribbon to blend with the 
picture can add extra appeal — e.g., by com- 
bining a tartan ribbon with a highland scene, 
or using regimental colours on a soldier’s camp 
photograph. 

The manufacture of the two-fold or the 
four-fold card does not require much special 
description, but there are one or two points to 
watch. First, the illustration and greeting must 
be so placed on the paper that they come into 
correct alignment when trimmed and folded. 
Again, the prints should not be dried by heat, 
otherwise the gelatin emulsion may crack when 
folded. While single or double weight photo- 
graphic paper can be used, the larger sizes of 
single weight paper may crease when wet 
unless handled very carefully. 

Where greeting cards are to be made by the 
more complicated methods — e.g., photomon- 
tage or photograms — it is better to prepare a 
key original and make a copy negative from 
this, for the making of a number of photo- 
montage or photogram cards by direct methods 
can be costly and tedious. 

Anyone not an expert at lettering, can use 
stencils, nursery cut-out letters, cine titling 
letters, or draw the letters with a pantagraph, 
to word the greeting. Another way is to use 
the actual handwritten signatures of the people 
in the photograph, or to put the greeting in 
script lettering. Illustrations for the back- 
ground can be traced, stencilled, or caricatured, 
all of which methods call for very little drawing 
skill. 

Mounting and Colouring. Where photographs 
are to be mounted on to board to make a 
greeting card, they should be dry mounted and 
not wet mounted, to avoid cockle. Cover 
boards can be purchased from artists’ sun- 
driesmen. They should tone with the colour of 
the photograph to show the picture off to best 
advantage. Boards which are ornate in finish, 
or glaring in colour, should not be used. 
Pastel shades are generally preferable. A white 
board is best for black-and-white prints and 
ivory or cream toned board for the sepia and 
warm tones. Tinted base photographic papers 
can also be used with advantage for some sub- 
jects — e.g., photographs of sunsets, cornfields, 
autumn scenes, or golden sands. 

Colour can be introduced either by using 
actual paper colour prints, or by making use 
of the less costly hand-colouring methods. 
Where a number of hand-coloured prints are 
to be made of one subject it pays to cut stencils 
out of waxed paper for the principal objects, 
or the “rubbing-on" oil colouring method can 
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be used. Here, all one part of all the cards is 
coloured at one time — e.g., skies or sea. This 
method also saves colouring time. Colour can 
be introduced into the background of the cards 
by drawing something in the illustration suit- 
able for tinting — e.g., holly and berries, a 
lantern, the traditional robin, bluebirds, 
thumbnail sketches of flowers, windmills or 
leaves. 

If a large number of greeting cards are 
required in colour, genuine colour photo- 
graphs made by the dye transfer colour process 
are quicker to produce and relatively cheap. 
Suitable Subjects. As subject matter for the 
illustrations, either general pictures can be 
chosen or those with a personal interest. For 
Christmas cards, such subjects as snow scenes 
and old buildings and churches are suitable. 
For birthday cards beautiful scenes or subjects 
which have some personal associations for the 
recipient are quite apt. For baby arrival cards 
and wedding anniversary cards, have a family 
motif. A good camera study of the church 
where the pair were wed would provide some- 
thing which no commercial card could give. 
Gift greeting cards should be of pleasant, 
decorative subjects. Greeting bookmarks offer 
unlimited scope for both ideas and subjects, 
and “get well*’ cards can be treated seriously 
or in lighter vein. Humorous table top photo- 
graphs or happy snapshots can do much to 
cheer up a depressed patient. 

All types of photographic greeting can be 
improved by a little originality in presentation. 

Decided edged mounts can be made by 
clamping the mounting card (in bulk) between 
two pieces of plywood or hardboard, the same 
size as the cardboard, in a vice and drawing 
the point of a large nail cross-cross over the 
edges of the card. 

Hand tom edges can be made by placing 
the card on a flat surface, putting a steel 
straight-edge on the top of it, and pulling the 
surplus of the paper edge upwards, while 
holding the steel rule very firmly on top of the 
photographic paper or mounting card. At least 
1 in. extra must be allowed all round the 
board to grip while tearing. A.Pg. 

See also: Lettering; Mounts; Titles. 

GRENZ RAYS. Soft X-rays used for the 
industrial radiography of textiles and materials 
with too small a range of densities to give an 
image with normal X-rays. 

GREY SCALE. Print or transparency con- 
sisting of a series of grey tones extending in 
regular steps of increasing depth of tone from 
white (or clear) to black (or opaque). Grey 
scales are used as test objects in sensitometry 
and for adjusting exposure and development 
to give true colour balance in making three 
colour separation negatives. 

See also: Wedge. 


GROTTHUSS, THEODOR FREIHERR 
VON, 1785-1822. German pioneer in photo- 
chemistry. Discovered (1817) the basic law, 
that, “only the absorbed light rays are active in 
the production of chemical changes. This law, 
the Grotthuss law of photochemical absorption, 
was named after him. It was later forgotten and 
re-discovered by Draper (1841). Among his 
numerous photochemical experiments are 
some on the bleaching of dyes by light of 
different colours. 

GROUND GLASS. Plate or sheet glass which 
has been abraded on one face to give a trans- 
lucent, light-arresting surface on which a 
visible image can be formed. It is the standard 
material for making focusing screens for field 
and reflex cameras. 

See also : Focusing screen. 

GROUPS. The fashion in group portraiture 
has changed more than in any other branch of 
photography. The florid “draping’’ of the sitters 
in groups of forty or fifty years ago has now 
given place to neat, formal posing. 

Large Groups. Groups involving 100 sitters or 
more are usually taken with a panoramic 
camera. This gives a negative 6 ins. or more in 
depth and as long as the group demands. 
Prints up to 3 feet in length are not uncommon. 
This type of work is largely in the hands of 
specialist firms who act for other photographers 
on a trade basis. 

Medium Groups. Groups up to 100 sitters are 
commonly taken on a J-plate camera and the 
negative subsequently enlarged to the required 
size. Such plates (or cut-films) are normally 
processed in fine-grain developer to ensure 
maximum, grain-free resolution of each 
sitter’s face. In order to make maximum use of 
the plate area and to produce a print of pleasing 
proportions, it is customary to “bank-up” the 
group as much as possible. In a typical arrange- 
ment for a school group of 100 persons, 20 of 
the smallest pupils would be sitting cross- 
legged on the ground; 20 (staff and senior 
pupils) sitting in chairs; 20 standing immedi- 
ately behind them; 20 standing on forms; and 



POSED FORMAL GROUP. The regular arrangement ensures 
that everybody is well visible in the picture. Such photographs 
of sport teams should include reserve players and club officials 
aw well as trophies in the foreground. 
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POSED INFORMAL GROUP. The arrangement of the figures is 
less regular, but still carefully set out. Bodies are posed so that 
they tend to face inwards to the centre of the picture. 

a final 20 standing on tables forming the rear 
rank. 

The photographer is careful when marshal- 
ling the group to arrange for even balance of 
height in all ranks — normally he puts the 
tallest pupils in the centre and allows the ranks 
to tail away to the sides of the group. A group 
always looks better if all the members adopt 
the same pose: either all arms should be folded 
or all hands should rest in laps; all ankles 
should be close together or all knees crossed. 
The exact arrangement rests with the photo- 
grapher, but uniformity is essential. 

Smaller Groups. Into this category come such 
assemblies as cricket XI’s, football teams and 
other such sporting groups. The usual arrange- 
ment for an “eleven” makes use of five chairs 
only. The captain sits in the centre chair with 
two players on each side of him. The six 
remaining members of the team stand behind 
the seated five covering the gaps between the 
sitters. Trophies, if any, are placed on the 
ground in front of the captain. 

Occasionally teams wish to be photographed 
holding their sports gear — e.g., tennis racquets, 
hockey sticks or rifles in the case of a shooting 
eight. Particular care is then taken to get the 
members to hold their gear in a uniform 
manner or the final effect will be ragged and 
untidy. 

Family Groups. Here are included groups taken 
on the diverse occasions on which families 
foregather to celebrate some notable event. 
Strict formality is not appropriate to such 
groups; the photographer aims at achieving a 
sense of relaxed, comfortable unity. It is 
customary for the central characters to be 
seated with the women seated beside them. The 
men stand and the children are seated on rugs 
on the floor. 

Informal Groups. Such seemingly simple pic- 
tures call for the highest degree of technical and 
creative ability. The formal group is a com- 
paratively simple matter — sitters are posed in 
conventional fashion and all eyes look towards 
the camera. In the informal group, the reverse 
should be the case. There should be some cen- 
tral point of interest to create a sense of arti- 


ficial unity. A high viewpoint is desirable in 
many cases so that the camera may appear to 
be, as it were, an eavesdropper to some notable 
occasion. 

To cite examples : a trophy has been presented 
to a golfer and the picture shows, from a 7-foot 
viewpoint, a re-staging of the presentation. All 
involved are closely gathered around and 
vigorously clapping hands are seen. Such a 
treatment is more effective than a formal line- 
up. A similar theme from a different viewpoint 
would be treated as follows : the wedding cake 
is about to be cut and all concerned are grouped 
closely around the table. The photographer 
exposes from a very low viewpoint to stress the 
style and elegance of the gowns wom by the 
ladies. 

Whatever the subject chosen for an informal 
group, care should be taken that none of the 
sitters appears to be aware of the camera’s 
existence. This means adopting a technique 
similar to that for candid photography, in 
which various methods are used for concealing 
the camera — e.g., aiming the camera “blind” 
from inside an open coat. 

With many informal groups it is important 
to capture the atmosphere of the occasion too. 
This may mean including in the picture certain 
objects that are a feature of the surroundings, 
choosing the position of backgrounds carefully, 
and selecting the right moment for making the 
exposure. The choice of viewpoint, influencing 
the composition, can also play an important 
part in getting the atmosphere — for instance, a 
group of chorus girls may look more agile and 
full of movement if the picture has strong 
diagonal composition rather than static, 
horizontal emphasis. 

It is, of course, possible to “stage” an in- 
formal group beforehand. This involves care- 
ful handling and direction of the people if the 
effect is to look natural. Usually it is better to 
work out a rough arrangement and make the 
exposure when the people have relaxed and 
forgotten the photographer’s intentions. 

Commercial studios often arrange informal 
groups for advertising pictures. These are 
frequently taken in the studio — even if the 



STUDIO FAMILY GROUP. A suitable settee holds the group to- 
gether. The adults sit " backwards " Co keep their legs on the 
far side of the settee. Toys add atmosphere. Relaxedposes and 
expressions are important. 
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setting is an outdoor one. In this case, pro- 
fessional models are mostly used, experienced 
in posing naturally. Photographs of this type 
are more complex in setting-up than the final 
picture suggests, and involve much patience 
and attention to minor details. But the same 
advice as for other informal groups still 
applies. 

Lighting. In taking groups out of doors, the 
position is chosen so that there will be no 
direct sunlight glaring into the eyes of the 
sitters. Harsh cross-lighting is also avoided. 
Under conditions of blazing sunshine where 
there is no hope of a clouded interval, it is 
customary to work almost directly into the 
light — the lens being protected by a very deep 
lens hood. 

Backgrounds. In all groups the position in 
relation to the background is important. The 
chosen site must be level in a “left-to-right” 
plane and selected so that it avoids unsightly 
distraction in the background. A smooth, 
distant line of trees is almost ideal. Buildings 
in the background are avoided unless there is 
some very good reason for including them. 
The backs of buildings, with their unsightly 
drain-pipes and other services, are particularly 
undesirable. 

Audieace Control. A photographer's success in 
handling large or small assemblies depends 
almost as much upon his personality and 
capacity to handle people as upon his technical 
ability. The men who succeed in this exacting 
branch of photography are invariably calm and 
deliberate in their methods of working. They 
have no use for excitable patter, fuss, artistic 
antics or ponderous humour. G.Cg. 

See also: Banquets; Weddings. 

Books: All About Taking Parties and Groups, by O. 
Catl in g (London); Group Photography , by G. Catling 
(London). 

GUIDE NUMBER. Alternative name for the 
flash factor used in arriving at the correct 
exposure to give with a particular make of flash 
bulb. The number (quoted by the makers for 
a particular flash bulb, shutter speed, and 
sensitized material) divided by the subject 
distance, gives the recommended aperture. 

Example: the correct /-number to use when 
taking a subject 10 feet away with a flash bulb 
of guide number 120 is 

12 ° _ 12 

nr - u - 

This assumes that a normal reflector is used. 

See also: Flash technique. 

GUM ARABIC. Gummy substance obtained 
from the stem of the acacia and also occurring 
in the fruits of certain other plants. It is soluble 
in water, but becomes insoluble when treated 
with certain bichromates and exposed to light. 
Used in mountants, for sizing paper before 
sensitizing for certain processes, and in the 
gum bichromate process. 
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GUM BICHROMATE PROCESS. Contact 
printing process in which the image is formed 
on a coating of sensitized gum containing a 
suitably coloured pigment. Exposure to light 
renders the gum insoluble, so when the exposed 
paper is “developed” in running water the pig- 
mented shadows remain while the highlights 
are washed clean. 

The gum bichromate process can be made 
to yield prints of great beauty but it has been 
practically superseded in recent years by 
bromoil and bromoil transfer. At the same 
time the gum print has a distinctive character of 
its own. There have been attempts at revival, 
although the technique is not easy to master. 
Materials. The process calls for only a few 
inexpensive materials. These are: potassium 
bichromate 10 per cent solution; white gum 
arabic; moist water colours in tubes, or dry 
powder colours; paper for sensitizing 
(Whatman Cartridge, or good sized paper); one 
or two brushes, including mop, camel hair 
brush, and a 2J ins. flat brush for smoothing 
(good quality paint brushes will serve). 
Sensitizer. One ounce of gum arabic is dissolved 
in 3 ounces of water, preferably by placing the 
gum in a muslin bag suspended in water. The 
potassium bichromate is a 10 per cent solution 
made up with hot water. This is simply a 
saturated solution and it is near enough if there 
are always some undissolved crystals at the 
bottom. 

The sensitizing solution varies according to 
the technique of the worker, but a mixture of 
equal parts of the gum and bichromate solu- 
tions will be found satisfactory. One part of 
ivory black or a rather smaller quantity of tube 
colour are added to every four parts of this 
solution. The two must be mixed with a glass 
rod until all trace of grittiness disappears. 
Coating. The paper is pinned to a large drawing 
board over two or three thicknesses of blotting 
paper. The sensitizing solution is then applied 
with the coating brush in a series of brisk 
overlapping strokes from side to side. Then the 
smoothing brush is used to smooth out the 
coating with similar strokes from top to 
bottom. If necessary, any ridges still showing 
are broken up by going over the surface again 
with lighter strokes from left to right. When 
the coating is correctly carried out the coating 
will be smooth. The brushing is very lightly 
kept up until the pigment mixture has begun to 
set. The paper is then left in a warm dark place 
until it is dry. 

When the coating works too stiffly and it is 
not possible to smooth out the brush lines, it is 
an indication that there is too much gum. If on 
the other hand the coating takes too long to set 
and small transparent patches appear, there is 
too little gum in proportion to the amount of 
pigment. 

The paper is not sensitive until it is almost 
dry, therefore the coating can be done in bright 
artificial light. 
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GUM BICHROMATE PROCESS. I. Apply the mixture of gum 
bichromate solution and pigment to the paper by a suitable 
brush. Work in subdued light. 2. Hang the paper up to dry in 
the dark. 3. Place the paper in a priming frame with the 
negative. 4. Print out by daylight, using a P.O.P. paper at the 
same time as a check on the progress of the exposure. 5. 
Develop by footing f ace dawn in a dish of cold water, or attach 
to a g/ass plata and wash off soluble gum by an artist's spray. 


The negative that prints best is one that is 
rather thin without strong contrasts, of the 
type that is regarded as ideal for enlarging. 
Exposure. The print is made by contact with the 
negative in an ordinary printing frame by day- 
light or colour arc. There is only a slight visible 
image during printing and it is no guide to 
printing depth. As a guide, a piece of P.O.P. 
or self toning paper is put out at the same time 
under a negative of similar density and contrast. 
When the P.O.P. print is of the right depth for 
toning and fixing, the gum print is fully 
exposed. 

Development. The print may be allowed to 
develop by leaving it face downwards in a deep 
dish of cold water. This allows the soluble gum 
and pigment to dissolve out in their ewn time. 
This may be anything from 1 5 minutes to 5 or 
6 hours or longer according to the depth of the 
printing. 

It may also be developed by a light spray. 
This method of development calls for a more 
fully exposed print. The print is first placed, 
coated side down, in water for 3 or 4 minutes 
and then taken out and laid upon a sheet of 
glass of larger size. Water from a spray of the 
type used for fixing artists’ drawings is then 
directed on to the surface of the print. The 
highlight tones of the print can be controlled 
by varying the force of the spray; the stronger 
the spray the more pigment is removed. 

When development is complete, the print is 
pinned up to dry. Great care must be taken not 
to touch the surface of the print while it is wet, 
as it is delicate and easily damaged at this stage. 
Double Coating. The gum bichromate process 
allows of control over the contrasts of the print 
by the method of development adopted. This 
control can be extended by double coating. 
After the first print is made and finished, the 
surface is given a second coating, dried, 
registered under the negative and exposed a 
second time. The second development allows 
the same measure of control and can be made to 
yield a stronger, richer print. R.M.F. 

Soealso: Control processes. 

Book: Pigment Printing , by G. L. Hawkins (London). 

GUM PLATINUM PROCESS. The gum 
platinum process combines the gum bi- 
chromate and platinotype processes. A fairly 
light print is made upon platinum paper. This 
is then gum-sensitized and the print is registered 
under the negative a second time. The gum 
coating is then exposed and developed in the 
usual way. 

GUN CAMERA. Long focus camera coupled 
to a gun and operated automatically when the 
trigger is pulled. 

A pattern of cross wires or concentric circles 
is superimposed on the picture taken by the 
camera to indicate the accuracy of the shooting 
had the gun been firing live ammunition. 
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In peace time, cameras of this type are used 
for training air gunners without actually using 
live ammunition, and in war time they provide 
a check on the gunner’s claims. 

See also: Alrcrof t camera. 

GURNEY-MOTT THEORY. A theory of the 
way in which a latent image is formed in a 
sensitized silver emulsion by the action of 
light, proposed by R. W. Gurney and N. F. 
Mott in 1938. 

It is generally accepted that exposure to light 
causes photolytic decomposition of the silver 
halide grains in an emulsion and deposits 
minute specks of metallic silver which form 
nuclei for the developer to start work on. As a 


result of the presence of one such speck on the 
surface of a grain of the halide, the developer 
is able to convert the whole grain into metallic 
silver. 

The Gurney-Mott theory explains the 
mechanism of this photolytic action. It sug- 
gests that a quantum of light releases an 
electron from a halide ion, and that this 
electron attaches itself to an existing silver 
speck or nucleus. The electron carries a nega- 
tive charge and this enables it to attract an 
unattached silver ion from the interior of the 
crystal and thus add a silver atom to the 
speck. In this way the speck builds up to form 
a starting point for the subsequent action of 
the developer. 

See also: Latent Image 


546 




HALATION. A photograph of a bright source 
of light is often surrounded by a sharply 
defined ring with a diffused outer edge. This 
effect is called halation and is produced by the 
fan of scattered light reflected from the back of 
the support of the photographic material. 

Halation is minimized by reducing the 
support thickness, which decreases the diameter 
of the ring of reflected rays. This ring is smaller 
with films than with plates because the film 



HALATION. Light scattered In the emulsion Is reflected from the 
bottom of the support and at a certain angle forms a halo round 
bright Image points (e.g., light sources in the picture). 

base is thinner. It is also reduced by using a 
dyed backing layer to absorb the rays which 
penetrate to the rear of the support. 

Certain films are coated on a grey base which 
absorbs a lot of the light that normally reaches 
the emulsion by reflection from the back of the 
support. 

Halation commonly occurs in night photo- 
graphs where street lamps are included in the 
picture. Daylight interiors which show un- 
shielded windows also suffer from halation; 
this occurs in the dark areas around the window. 

Over-exposure also promotes the appearance 
of halation since the comparatively weak halo 
image then becomes developable. That is 
also why it is so apparent around brilliant 
over-exposed image spots. 

See alio: Faults; Flare; Ghost; Irradiation. 


HALF-PLATE. Standard format for negatives 
and prints, measuring 4f x 6i ins. 

A half-plate is not half of a whole plate; that 
size, 41 x 6J ins., is not used in photography. 

Sec also: Sizes and packings. 

HALF-TONE BLOCK. Photomechanical print- 
ing block in which the printing areas are formed 
by a pattern of raised dots. The dots are small or 
large according to the tone of the original. 
Highlights are normally represented by very 
small dots which may, however, be removed by 
deep-etching or engraving if necessary. The 
shadow dots join to produce almost solid 
areas. An optical illusion of intermediate 
grey tones is produced by the varying propor- 
tions of dot and white paper corresponding to 
the half-tones of the original subject. Half-tone 
reproduction is used for reproducing photo- 
graphs and other continuous tone originals. 

See also: Photomechanical reproduction; Sealing for 
reproduction. 

HALF-TONES. Grey tones intermediate 
between shadows and highlights in a picture. 
Sometimes also called middle tones. 

HALOGENS. Collective term for the elements 
fluorine, chlorine, bromine, and iodine. Com- 
pounds of the latter three, with silver, form the 
main light-sensitive substances used in photo- 
graphy. Binary compounds of a halogen with 
another element — e.g., a metal — are known as 
halides. 

See also: Silver halides. 

HAND CAMERA. Name given to the types of 
camera that are normally used without a tripod 
—e.g., cameras for negative sizes of i-plate or 
smaller, with instantaneous shutters and 
focusing scale, rangefinder, or reflex focusing. 
The term was heard more often in the early days 
of photography when the stand camera was in 
more general use. 


547 



HAN 


H. & D. SPEED. System of speed rating named 
from the initials of the surnames of two scien- 
tists, Hurter and Driffield. They collaborated 
in establishing the first generally-used system 
of measuring the sensitivity or speed of sensi- 
tized materials. The H. & D. system is based 
on the measured densities resulting from a 
range of exposures. The relation between H. & 
D. speeds is arithmetical — i.e., a film or plate 
rated as 1 000 H. & D. is twice as fast as one 
with a speed of 300 H. & D. 

See also : Speed of sensitized materials. 

HAND-OR-STAND CAMERA. Term, no 
longer in general use, describing a type of 
camera intermediate between the hand and 
stand types. It was usually a 1-plate folding 
camera with rising and cross front and some- 
times a small amount of vertical swing back 
camera movements. 

In construction and purpose it was an 
attempt to bridge the gap between the two 
basic types. It was intended to be small enough 
to be carried unobtrusively and used for 
instantaneous exposures (therefore it was 
equipped with a shutter) and yet have enough 
of the features of the field camera to find favour 
with the serious photographer of landscapes 
and architecture, for which purposes it was 
equipped with a focusing screen as well as a 
focusing scale. 

By and large the hand-or-stand camera 
never succeeded in satisfying either class of 
user and it is no longer made, although it is 
still occasionally listed in the second-hand 
market. 

See also: Camera history. 

HANDS. A hand is a very human and live 
thing and a photograph must reveal these 
qualities or it will fail in its purpose. A great 
deal can be teamed about the character of 
people by watching how they use their hands 
in everyday activities such as picking up a cup 
of tea, doing up a parcel and striking a match. 
The correct technique in photographing hands 
is to avoid a deliberate pose; the hands must be 
allowed to fall naturally Into a relaxed position 
in character with the sitter. Hands are an 
essential part of a portrait, and must be made 
to fit into the composition in such a way t at 
the eye sees the picture as a whole. A picture 
of a pianist, for example, should never give the 
impression that the hands were “placed”. 

While men are rarely conscious of their 
hands, women are more inclined to be artifi- 
cial; if a woman’s attention is drawn to her 
hands they generally become wooden and self- 
conscious. 

Distortion. The first and main aim in photo- 
graphing hands must be to avoid distortion. 
This calls for a long focus lens and if possible 
a camera with swing back. The ideal camera for 
the purpose is a technical model for 4 x 5 ins. 
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plates, with a lens of at least 84 ins. focal 
length. The swing back is used to bring the 
plane of the hand as near as possible to the 
focal plane of the camera. Only after full use 
has been made of the camera movements 
should the lens be stopped down to obtain 
sufficient depth of field for over-all sharp 
definition. It may be possible to obtain suffi- 
cient depth of field by manipulation of the 
iris diaphragm alone, without recourse to the 
swing back; but distortion is likely to result, 
and stopping down will do nothing to reduce it. 
Lighting. Point source lighting — e.g., one or 
two 500 watt spots — is needed to bring out the 
contours and the texture of both men’s and 
women’s hands. The key light must be oblique 
and the shadow side filled in — e.g., with a 
diffused 500 watt flood. One spot and one 
flood are the minimum necessary. The fill-in 
light must be just strong enough to soften the 
hard shadows thrown by the key light, and no 
more. Where there is strong back lighting, care 
must be taken in balancing the lights or flare 
will occur on the edges of the fingers causing 
loss of texture. 

When photographing men’s hands the fill- 
in light should be only just strong enough to 
reveal detail in the shadows, while allowing 
sufficient contrast to produce a texture effect 
and perhaps even allow the hairs to stand out. 
With women’s hands the fill-in light should be 
somewhat stronger so as to give a softer effect, 
which in beautiful hands may be likened to 
ivory. But the fill-in light must not be overdone, 
or modelling will be lost. 

Special attention must be given to the back- 
ground. Any surface that reflects highlights 
must b: avoided u ess the hands are actually 
engaged in working on a polished object, 
where such reflections are unavoidable. 
Shadows. Great care must be taken to avoid 
awkward shadows cast by the fingers, which 
in extreme cases may give the impression that 
the sitter has four hands. In order to avoid 
shadows on the background the hands should 
be an appreciable distance away from it With 
a back-lighted subject, the frontal fill-in light 
must be strong enough to kill the shadows cast 
towards the camera by the key lighting. There 
could, for example, be heavy shadows cast 
where a hand is resting on a book, which has 
been strongly back-lighted to bring out texture 
and provide modelling. Here the fill-in light 
could conveniently be improvised by using a 
small mirror to reflect some of the back light 
into the shadows cast by its direct rays. 

Hand Position and Camera Angle. Where hands 
are included in portraits they must never look 
posed, but at the same time it is necessary to pay 
attention to their angle in relation to the 
camera. The hands must be relaxed, with the 
fingers extended naturally. A view of the back 
of the hand with the fingers folding into the 
palm is ugly and meaningless. Hands should 
also neither be photographed with fingers 
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extended towards the lens, nor so placed that 
the wrist is nearest the lens while the fingers 
point away from it; the effect in this case will 
be like looking along a railway track. 

It follows from the foregoing that unless a 
deliberately distorted view is required, unusual 
camera angles should be avoided when photo- 
graphing hands. 

Special Cases. When photographing a broad 
hand with the back presented to the camera, 
it is a good plan to place the index finger and 
the second finger so that they meet, making a 
division between these and the third finger — 
the third and fourth being slightly parted. This 
arrangement gives an impression of length. It is 
essential for the lighting to fall at an oblique 
angle — at least 45° to the flat surface of the 
hand. 

Where hands are to be clasped, interwined 
fingers must be avoided at all costs. Occasion- 
ally the clasped hand is essential for certain 
effects — e.g., in dramatic poses. In such in- 
stances the technique is to take the left hand 
upraised — e.g., to the level of tfte chin — with the 
tips of the fingers of the other hand resting 
lightly in the palm, or vice versa. In lighting this 
arrangement, the key light for the face will 
provide adequate modelling without any 
additional lighting from the front, while the 
spread of the back-light — e.g., a 1 000 watt 
spot — will cover both head and hands, produc- 
ing a strong feeling of depth. 

Choice of Film and Paper. High speed pan- 
chromatic film is preferable for this work; 
processed in a fine grain developer it gives the 
desired amount of contrast. For printing, a 
glossy surface is preferable to the usual art 
paper, as a smooth surface does not conflict 
with the texture of the hands. Men’s hands 
should be printed somewhat darker than 
women’s. E.C. 

See also: Portraiture. 

HANFSTANGL, FRANZ, 1804-77. Bavarian 
painter and lithographer. Established a litho- 
graphic business in Munich, 1834. In 1853 
he commenced photographic art publishing. 
His son, Edgar Hanfstangl, was the first to 
introduce pigment printing on a large scale in 
Germany. 

HARDENER. Chemical — usually potash alum, 
chrome alum or formalin — used to toughen 
the gelatin emulsion (generally of films and 
plates, but sometimes of papers) to render it 
less liable to physical damage by scratching or 
rubbing. 

Some hardeners may be incorporated in the 
fixing bath; others may be used as a separate 
bath after normal processing. Each has its own 
characteristics. The latter method is more 
usually employed in special circumstances — 
e.g., processing cine films. 

See tlso: Hardening baths; Scratch-proofing. 


HARDENING BATHS. High solution temper- 
atures — above 75°F. — tend to make photo- 
graphic emulsions tum dangerously soft or even 
melt and run off the support. So in hot weather 
processing, and also when using highly 
alkaline developers (e.g. the Meritol-caustic 
type), a hardening bath is essential. This may 
be used after the rinse or stop bath, or it can be 
combined with the stop bath. Some hardening 
solutions can even be used before development. 

The most common hardening agents are 
chrome alum and potash alum. The former is 
more effective, but the latter keeps its hardening 
properties better in solution. 

Formalin is also useful as a hardener, 
though its action on the gelatin is not of the 
same kind as that of the alum hardeners. 
Finally, tannic acid hardeners increase the 
actual physical hardness of the gelatin and can 
be used to make the film resistant to scratches 
and abrasion; they are only used after washing. 
Chrome Alum. The simplest way to harden 
films or plates after development is to immerse 
them for about five minutes in a 3-5 per cent 
solution of chrome alum. 

In hot weather, the solution should also 
contain about 10—1 5 per cent of sodium 
sulphate crystals (Glauber’s salt) to prevent 
undue swelling of the gelatin. 

All chrome alum hardeners (including acid 
hardeners and acid hardening fixers containing 
chrome alum) will harden as long as the 
solution looks purplish by transmitted light. 
When it starts to tum green, it should be 
thrown away. In acid solution the hardening 
properties disappear within a few days, 
particularly if acid sulphites are present. That is 
why acid hardeners (combined stop bath and 
hardener) and acid hardening fixers with 
chrome alum do not keep. 

The presence of citric, acetic, and other 
organic acids also reduces the hardening action 
even of a fresh chrome alum bath. So negatives 
must be well rinsed between any stop bath and 
a chrome alum hardening bath. 

An effective acid hardener (which is also a 
stop bath) consists of equal parts of 2 per cent 
solutions of chrome alum and potassium 
metabisulphite. This is best prepared just 
before it is needed, and discarded after use. 
Potash Alum. Although chrome alum is the 
more effective hardener, potash alum keeps 
much better even though the solution must be 
acid to prevent precipitation of aluminium 
hydroxide by any alkali carried over from the 
developer. 

A suitable potash alum hardening stop bath 
consists of a solution containing 2 per cent of 
potash alum, and 1 per cent each of sodium 
sulphite and glacial acetic acid. 

A special potash alum acid hardener stock 
solution may be added to a plain hypo solution 
to convert it into an acid hardening fixer. 
Formalin. A formalin hardening bath for use 
after development consists of 1 part formalin 
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40 per cent) solution diluted with 80 parts of 
water. The negative should be soaked in this 
bath for about 5 minutes. 

Alkaline formalin hardeners are also useful 
before aftertreatment such as intensification, 
etc. The hardening is said to be more uniform 
than with acid alum hardeners, and there is less 
risk of uneven action of the solution used in the 
various aftertreatment processes. 

A suitable solution contains 1 per cent each 
of formalin and sodium carbonate. Addition 
of about 10 per cent of sodium sulphate 
(Glauber’s salt) prevents the alkali from 
swelling the emulsion. As the formalin takes 
some little time to harden the gelatin, a certain 
amount of swelling would otherwise be bound 
to occur. 

Hardening Before Development. When process- 
ing at temperatures above 85°F. (30°C.) the 
films or plates are best immersed before 
development in a hardener of the following 
type: 

Formalin solution (40 per cent) I ounce 25 c.cm. 

Sodium sulphate, crystals B ounces 200 grams 

Water to make 40 ounces 1,000 c.cm. 

The material is immersed in the hardener for 
3-4 minutes, rinsed in a 15 per cent sodium 
sulphate solution, and transferred to the 
developer. The hardened gelatin slows down 
the penetration of the processing solutions, so 
somewhat longer development times are 
needed. 

Chrome alum hardeners are not as suitable 
for use before development because they are 
definitely acid and thus reduce the activity of 
the developer. L.A.M. 

See also: Fixing; Hot weather processing; Scratch- 
proofing; Tropical photography. 

Book: Developing , by C. I. Jacobson (London). 

HARDENING FIXER. Fixing bath, particu- 
larly one for fixing negatives, that contains a 
hardener so that the emulsion is hardened and 
rendered less liable to injury in subsequent 
washing, drying and handling. 

Proprietary packs of fixer are usually avail- 
able with and without the hardener. 

HARD WATER. When developer is made up 
with hard water, the calcium and magnesium 
salts responsible for the hardness react with the 
sodium carbonate of the developer and 
precipitate a white deposit. (Although the 
sodium carbonate content is slightly reduced by 
the reaction, the amount is negligible.) 

The precipitate has no undesirable chemical 
effects but it may settle on the surface of the 
emulsion and form clear spots or pinholes where 
it has prevented the developer from acting. 

Calgon added to the water in the proportion 
of 1 gram to every litre of water prevents the 
formation of an insoluble precipitate. It has no 
ill effect on the working of the developer apart 
from increasing its alkalinity very slightly 
because calgon itself is weakly alkaline. 


The deposit may also be removed by allowing 
the developer to stand until the milkiness 
settles and then decanting the clear solution. 

See also: Faults; Water. 

HAZE. Suspension of minute particles of dust 
and other matter in the atmosphere which 
scatters light and thus tends to obscure detail 
and degrade tones in distant views. The scat- 
tering is greatest for the blue component of 
the light; the haze therefore appears bluish, 
and its effect can be reduced by photographing 
the scene with a blue-absorbing — e.g., yellow, 
orange, or red — filter. 

Haze is often of value in pictorial work by 
assisting in the differentiation of planes, and 
by suppressing unwanted detail. 

See also : Fog ( atmospheric ); Mist. 

HEAT FILTER. Filter which allows visible 
light rays to pass through it but holds back 
heat rays. Heat filters are placed between the 
lamp and the film or transparency in many 
types of projector to prevent the emulsion 
surface being damaged by the heat of the lamp. 
They usually consist of one or more sheets of 
special glass. They are also used in photo- 
micrography to prevent the heat of the illu- 
minating lamp affecting the specimen. 

In photomicrography it is more usual to 
pass the light through a flat glass tank filled 
with a saturated solution of alum; copper 
sulphate may be used instead, but its bluish tint 
will also absorb some of the visible spectrum. 

HECHT, WALTER D. Dates unknown. 
Austrian scientist. Collaborated with Eder in 
the production of the Eder-Hecht wedge sensi- 
tometer. This, when used with a standard 
quantity of magnesium ribbon as light source, 
was widely employed in sensitometry on the 
Continent until the introduction of the D.I.N. 
system. 

HECTO-. Prefix used in the metric system 
denoting one hundred — e.g., hectogram, 
hectolitre. 

HELMHOLTZ, HERMANN VON, 1821- 
94. German physicist and physiologist. 
Photographed the solar spectrum, improved 
Brewster’s stereoscope, contributed notably to 
the theory of colour and was partly responsible 
for the Young-Helmholtz theory of colour 
sensitivity of the eye. Biography by KOnigs- 
borger (1902-3). 

HENDERSON, A. L. 1877-1900. English 
photographer. Specialized in photoceramics 
and in background projection for theatres. 
Left a trust for the establishment of the 
Henderson Medal which is awarded by the 
Royal Photographic Society for the best papers 
on photographic chemistry or related subjects. 
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HERSCHEL EFFECT. Ability of red or infra- 
red radiations to bleach out a latent image 
previously formed in an emulsion otherwise 
insensitive to this region of the spectrum. The 
effect is most marked with the pure silver 
bromide emulsion of certain development 
papers and in particular with those that contain 
an excess of soluble bromide. 

HERSCHEL, FRIEDRICH WILHELM (SIR 
WILLIAM), 1738-1822. German astronomer 
living in England. Investigated (1 800) the pro- 
perties of the solar spectrum and discovered 
the infra-red rays. Devised means of measuring 
and recording infra-red. Biography by Sime 
(1900). 

HERSCHEL, SIR JOHN FREDERICK 
WILLIAM, 1792-1871. English astronomer 
and pioneer photographic chemist, son of 
Friedrich Wilhelm Herschel. Coined the word 
"photography” (1839) and introduced the use 
of the words “negative” and “positive” as well 
as “snapshot”. Discovered (1819) the thiosul- 
phates and proposed in 1839 the sodium salt 
hypo as photographic fixing agent. Investi- 
gated the photochemical action of the solar 
spectrum. Discovered the different spectral 
sensitivities of the silver halides, chloride 
and bromide, and of silver nitrate. Discovered 
the Herschel effect, the name given to the 
fading caused by infra-red radiation falling 
on an exposed image, which has been the 
starting-point for much modem research on 
the nature of the photographic latent image. 
Discovered the bleaching effect of mercuric 
chloride upon the developed silver image, and 
the restoration by immersing such a bleached 
print in a solution of hypo ; this is the basis of 
the mercury intensification process and also 
of the so-called magic pictures which produce 
an image when breathed upon. Herschel 
described the light sensitivity of the citrates 
and tartrates of iron and of the double iron- 
ammonium citrates. Invented cyanotype, the 
first blue print. Also discovered and described 
the argentotype process, in which iron salts 
were used to precipitate silver under the action 
of light, and suggested microfilm documenta- 
tion. 

HIDE. Camouflaged screen or hut from which 
animals and birds can be photographed with- 
out the photographer revealing his presence. 

See also: Big game; Birds. 


HIGH CONTRAST DEVELOPERS. Class of 
developers which are intended to produce 
images of higher contrast than normal. 

HIGH KEY. All work in photography is 
based on tones — dark, middle and light. In 
normal work some of the tones from each 
group are used; the print thus ranging in tone 


from black, through the middle tones and the 
lighter ones to white. High key work is con- 
cerned with light and occasionally middle 
tones, leaving out the lower ones altogether. It 
is quite possible to treat all subjects in this way, 
but only certain subjects are really suitable. 

The subjects that are best so treated are those 
which are to convey cheerfulness, lightness and 
delicacy, such as in portraiture of children 
and nudes, and in landscapes, atmospheric 
effects, early morning scenes and glancing 
light on water. It is wise to choose a subject 
which has no strong shadows, for full black 
is not going to be used. However, a trace of 
deep black should preferably be included in 
the picture somewhere — e.g., black eyelashes. 
This small touch of black (which must be 
rendered the same in the print) helps to show 
off the remaining predominantly high key tones. 
A high key print starts in the camera; it is not 
made by trying to turn an ordinary print into 
one of high key. 

Lighting. The lighting must be full and soft. 
For portraiture it is very necessary to have the 
subject in a light room with plenty of light 
reflected from all surfaces and a white sheet 
on the floor for the same purpose. There should 
be full frontal soft lighting from the direction 
of the camera and no shadows cast by the 
features, or they will photograph too dark. 
This soft light is best obtained by allowing 
plenty of space between the lights and subject, 





HIGH KEY TECHNIQUE. The elements in the 1-roducrlon of a 
high key picture are: Top: Choose a light subject and light It 
softly to avoid heavy shadows. Upper centre: Expose for the 
highlights. Lower centre: Develop to a low contrast in a soft- 
working developer. Bottom: Print on a soft paper grade to 
preserve full detail in the highlights. 
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for distance is the best diffuser. Having ob- 
tained this result, it is then necessary to illu- 
minate the background independently to raise 
its tone to either a shade lighter than the 
highest lights on the subject or a shade darker; 
the latter is usually best. If the background 
were left unlighted, even though white, it 
would photograph a mid-grey owing to its 
greater distance from the light source. 

In daylight it is necessary to choose a day 
when c nditions create a soft, diffused lighting, 
and the surroundings should help to give the 
feeling of lightness. 

It is quite possible to use this type of lighting 
to give a high key effect to any suitable subject 
that demands the quality of delicacy and light- 
ness, but in landscape work it is wise to wait 
for the right conditions — i.e., where the sub- 
ject has no strong shadows. Misty, atmospheric 
subjects are the popular ones for such treat- 
ment, although against the light effects in 
mist treated in this way can be very satisfying. 
Technique. It is essential to continue the special 
treatment through exposure and development. 
For work by artificial light, where all shadows 
have been reduced to a minimum, the exposure 
is not at all critical. A highlight reading is the 
safest guide from which to start, for the more 
exposure that is given, the greater the density 
of the negative. Successful high key prints 
can be obtained from mere ghost negatives, 
but it is easier to make a print from a negative 
with sufficient density to give a printing time 
long enough to avoid errors. 

Providing that enough exposure is given to 
produce a deposit of silver through the whole 
image, the type of negative wanted is largely 
a matter of personal preference. With outdoor 
scenes, however, it is desirable to give enough 
exposure to lighten any of the darker tones to 
avoid contrast. 

In developing, it is essential to secure a 
softly-graded negative with all the highlight 
tones separated — a negative which will yield 
the soft, delicate print essential to high key 
reproduction. This can best be obtained by the 
use of a dilute developer. 


More people fail in making the print than at 
any of the other stages, because having a very 
soft negative they choose a hard paper to 
rectify the lack of contrast. So the resulting 
print is lightly printed on a contrast paper, 
and the final effect looks washed out and 
characterless. The correct procedure is to 
choose a soft paper and print it so that all the 
importance is on the highlight details while the 
darkest tone is no deeper than a middle grey. 
It is surprising how dark even this can look by 
contrast. 

The choice of paper base colour and surface 
can also make a big difference. A white base 
paper will enhance the general effect of delicacy, 
whereas a cream base paper looks yellow and 
faded. Again, a matt surface paper will usually 
be more effective than one with a sheen. 

The aim in high key work is to achieve soft- 
ness, lightness and delicacy, and all efforts 
must be directed to that end. D.A. 

Sec also : Low key. 

HIGHLIGHT EXPOSURE METER. Type of 
exposure meter that measures the intensity of 
the light falling on the subject. 

See also: Photo-electric meters. 

HIGHLIGHTS. Bright parts of the subject 
which are reproduced as the densest areas in 
the negative and as the lightest areas in the 
print or transparency. 

HIGH SPEED CINEMATOGRAPHY. The 
fastest speed at which a normal cinemato- 
graph camera can be worked is about 250 
pictures per second. This limit is fixed by the 
physical strength of the film. At speeds higher 
than 250 frames per second, the stresses 
imposed by the claws in starting and stopping 
the film between each exposure exceed the 
breaking stress of the film base and it tears 
away at the sprocket holes. 

There are three systems of high speed cinema- 
tography; compensating moving prisms; rotat- 
ing mirror, multiple lens; image dissecting. 



MOVING PRISM HIGH SPEED CAMERA. A rotating prism acts as shutter and keeps the image sharply in position on the moving 
film. 1. End piece of prism cuts off light. 2. Prism opens light path; image is displaced upwards by reflection. 3. The image follows 
the moving film. 4. After maximum downward displacement, the prism cuts off the light again. 
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MULTIPLE ROTATING PRISM. Rotation of the compensating 
prism keeps the image stationary on the moving film as it 
passes over t>ie sprocket. Successive frames are exposed as 
each prism surface faces the lens in turn. Prism and film 
movement are synchronized. Maximum camera speed is 
1 0,000 frames per second on 8 mm. film. 

Compensating Moving Prism Cameras. In 
cameras of this type there is no shutter and the 
film travels continuously across the focal plane 
of the lens. Between the lens and the film there 
is some regular form of rotating glass prism, 
such as a parallel-sided glass plate, a cube, or an 
octagon. A parallel plate or a four or eight- 
sided prism can be used. The speed of rotation of 
the prism is arranged so that it throws on to the 
film a succession of images which move at the 
same speed and in the same direction as the 
film. In this way there is no relative movement 
between the image and the film. 

Speeds of 16,000 pictures per second on 8 
mm., 8,000 per second on 16 mm., and 3,500 
per second on 35 mm. film are used. 

Multiple Lens Cameras. There are several 
designs in which a number of separate lens 
systems are arranged in a circle. Each system 
forms an image in tum on a film placed behind 
it and the lenses are scanned in succession by 
the image rays from the subject. 

In one camera there are fifty-nine lenses 
mounted on a stationary disc of about 12 ins. 
diameter in front of mirrors which direct 
the light through them to form an image 
on a 35 mm. film wound on a stationary drum. 
Between the lenses and the mirrors is mounted 
a disc which rotates at high speed. A hole in the 
disc exposes the film behind each of the lenses 
in turn as it rotates. This camera attains a frame 
speed of 100,000 per second. 

Another camera, similar in design, has 
ninety-four lenses and a single rotating mirror. 
As the mirror turns, it directs the light through 
each lens in succession on to a stationary film. 
This camera works at a rate of 500,000 pictures 
per second. Still higher framing rates (up to 
1,000,000 pictures per second) have been 
obtained by reflecting the light between two 
multi-sided rotating prisms. 

Image Dissecting Cameras. In cameras of this 
type the image is broken down into a large 
number of small elements. These picture 
elements, in one system, are photographed by 
moving a grid over a 4 x 5 ins. film and 
exposing 1/30 of an inch at a time. The nega- 
tive is meaningless as it appears on the film, but 


the elements can be re-arranged to print as a 
conventional 16 mm. film, or individual pic- 
tures can be observed in a special viewer. 

Cameras of this type are used only for 
photographing self-luminous subjects like 
explosions and lightning discharges. They are 
capable of working at the rate of 100,000,000 
pictures per second, but the negatives they take 
cover only a very small time-interval. If it were 
possible for one of these cameras to run for an 
entire second, the resulting film would take 
64 eight-hour days to project at 16 f.p.s. 

Timing. It is very necessary for high speed 
photographic records to carry an indication of 
the time occupied by the action shown in the 
film. A simple, but not highly accurate, method 
used in many American cameras is to employ 
an Argon lamp. The lamp is run from the 
50 cycles per second mains supply and the 
flashes produce lines along the edge of the film 
between the sprocket holes. 

In Britain the timing of the film is based 
on the vibrations of a tuning-fork. The fork 
vibrates at 500 cycles per second, its movement 
being maintained by an electro-magnet con- 
nected to a 12 volt battery. A ray of light 
shines through a slot mounted on the tuning- 
fork and prints a dash on the edge of the 
film every milli-second. The length of the dash 
can be varied to suit the speed of the film from 
a mark every three frames at a speed of 3,000 
pictures per second to six dashes per frame at 
slow speeds. As both the fork and the timing 
light are run from an independent 12 volt 
battery, they are not affected by variations 
in the supply used for driving the camera. 
Illumination. Such extremely short exposures 
call for very powerful illumination, of the order 
of 1,000 cdl./ft.* for a speed of 3,000 pictures 
per second at / 2. Tungsten filament lamps or 
arcs will give the necessary light, but they give 
off too much heat for many subjects. There is, 
however, a stroboscopic lamp which is practic- 
ally cold and which can be synchronized with 
the camera to give as many as 7,000 flashes per 
second, each flash lasting for one and a half 
micro-seconds. With this lamp it is claimed that 
an area of one and a half square feet can be 



MILLER MULTIPLE LENS CAMERA. A rotating mirror directs the 
image over a stationary film. A, primary camera lens. B, field 
lens. C, rotating mirror. D, secondary camera lenses. E. film. 
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MULTIPLE FLASH HOLDER. The wheel carrying the bulbs fires 
the fleshes as the bulbs pass in front of the reflector. The 
flashes merge to produce one long and intense light 

filmed at 3,000 pictures per second with an 
aperture of / 4. 

Flash bulbs are sometimes used to provide a 
source of continuous light over a short period. 
The bulbs are mounted around a wheel and, as 
it turns, they pass in succession through the 
centre of the reflector where they are fired. By 
rotating the wheel at a high enough speed, the 
light peaks of the lamps can be made to over- 
lap to produce a single long flash of nearly 


constant brilliance. Forty-eight No. 5 bulbs 
fired in this way are said to give 35,000 ft 
candles over an ellipse 12 x 18 ins., 5 feet 
away, for one second. 

A special type of mercury-cadmium arc lamp 
runs at 1 kw., but can be overrun at 5 kw. and 
10 kw. for one second. When overrun at 10 
kw., it gives 150,000 ft. candles over a 12 ins. 
circle, 4 feet away. This lamp is also suitable 
for colour cinematography. 

Uses. High speed cine and still photography 
is widely used in industry for examining and 
recording movements in machines too fast for 
the eye to see. They are also of value in many 
branches of scientific research where the worker 
is able to analyse the film frame by frame. 
Entomologists nowadays use high speed 
photographs to study movements of insects 
too fast and too small to be seen with the naked 
eye, and high speed films have actually been 
taken through the microscope. Dancers and 
athletes acquire valuable information on style 
and technique, especially their own, by study- 
ing slowed-down action films run at high 
speed through the camera. G.T.S. 

See also: High speed photography; Time lapse photo- 
graphy. 

Book: The Photographic Study of Rapid Events , by 
W. D. Chesterman (Oxford). 


HIGH SPEED PHOTOGRAPHY 


Exposure times of still camera mechanical 
shutters generally have a shortest limit of 
around 1/1000 second. Photography with 
shorter exposures is classed as high speed work, 
and nearly always requires special techniques. 

The two main methods of taking high speed 
still photographs are the use of a suitable high 
speed shutter system, and the use of a short 
duration flash while the shutter is open. 

High speed shutter systems may be magneto- 
optical, electro-optical, or electronic units using 
image converter tubes. 

High speed flash systems may utilize elec- 
tronic flash discharges or sparks, or special 
discharges such as X-ray flashes for high speed 
radiography. 

Magneto-optical Shutter. This utilizes the 
Faraday effect, i.e., the rotation of the plane of 
polarization of light passing through a trans- 
parent medium in a magnetic field. The shutter 
system accordingly consists of a cylinder of the 
medium, surrounded by a magnetic coil. 

Dense flint glass is generally used as the 
medium, since it shows the greatest rotation of 
the plane of polarization for a given magnetic 
field and is convenient to handle. 

The cylinder is arranged in front of the lens 
and co-axially with it. Polarizing filters are 
mounted in front of, and behind, the cylinder, 
and are crossed with respect to each other. 
Normally the system therefore transmits no 
light at all, but it becomes transparent when 


an electric current is passed through the coil 
surrounding the cylinder. An improved version 
of this shutter uses two glass cylinders with 
three polarizers: one in the middle, and two at 
the ends. The front and rear polarizers have 
their planes of polarization parallel to each other. 

In practice, high voltages (of the order of 
8,000-10,000 volts) are required to rotate the 
plane of polarization sufficiently to transmit a 
useful amount of light. The power is obtained 
from a capaciter discharge through the coil. 
The time of the discharge depends on the 
capacitor size, the voltage, and the number of 
turns in the coil. Effective exposure times of 2 
to 20 microseconds are possible. 



ELECTROMAGNETIC SHUTTER. A. crossed polarizers. B. 
glass cylinder surrounded by coil. C, subject. D, photo-electric 
cell receiving light impulse from subject ( e.g ., a detonation). 
E, delay ana trip circuit. F, pulse generator and relay circuit 
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The capacitor discharge is controlled by a 
relay which in turn can be actuated by the 
subject itself (e.g., the shock wave or the flash 
from an explosion under examination). 
Electro-optical Shutter. This utilizes the change 
in polarizing characteristics of certain liquids 
when subjected to an electric field — the Kerr 
effect. The shutter is known as the Kerr cell. 
It operates on the principle that when a beam of 
plane polarized light is passed through a liquid 
such as nitrobenzene, and a high voltage 
(10,000-30,000 volts) is applied to a pair of 
electrodes in the liquid, the latter becomes 
birefringent and the beam is circularly polarized. 

A practical Kerr cell shutter consists of a 
glass cell containing the electrodes and filled 
with nitrobenzene. This is set up in front of the 
camera lens, and a pair of crossed polarizers 
are used, one in front of and one behind the 
cell. Normally this system is opaque, as the 
light coming through the first polarizer is 
stopped by the second one. On application of 
the high tension pulse, the plane-polarized 
light passing through the cell becomes circu- 
larly polarized. It then has a component which 
is parallel to the plane of polarization of the 
second polarizer, and some of it passes through. 
Effective exposure times of 0 007 to 7 micro- 
seconds (1/140,000,000 to 1/140,000 second) 
are possible with a suitable discharge circuit. 
Electronic Shutter. This utilizes either an image 
converter tube, or an iconoscope. 

The image converter tube records and repro- 
duces an image on a fluorescent screen. It acts 
on the principle that when an image of an 
object is focused on a photo-sensitive cathode 
inside one end of an evacuated tube, electrons 
are emitted which excite a fluorescent screen 
at the other. The short exposure times are 
obtained by controlling the electron stream 
inside the tube, e.g., by a high voltage pulse 
applied across the tube. A grid electrode is 
generally used in modem converter tubes to 1 
permit working with lower voltages (about 
3,000 volts). Effective exposure times of 0 02 
microseconds (1/50,000,000 second) are pos- 
sible. The image on the fluorescent screen, 
however, persists considerably longer than 
this, and can be photographed by normal 
fluorographic methods. 

Various focus coils and stabilizing circuits 
are used to increase definition and resolution. 

The iconoscope also utilizes a photo-sensi- 
tive cathode, but this consists of a mosaic of 
photo-emissive elements which are scanned by 
an electron beam shortly after the exposure. 
This produces an optical image on a normal 
television screen. The emission at the cathode 
is controlled by a circuit which permits emission 
only during a voltage pulse the duration of 
which determines the exposure time. By using 
this method, effective exposure times can be 
as short as 2 microseconds. 

High Speed Flash Systems. An alternative to 
using a high speed magnetic or electrical 
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ELECTRO-OPTICAL SHUTTER. The liquid in the cell becomes 
biref ringent on application of a high-voltage pulse. A, crossed 
polarizers. B, electrodes. C, liquid cell. 

shutter is to illuminate the subject with a flash 
of very short duration. This may be synchro- 
nized with an ordinary mechanical camera 
shutter, or employed without a shutter at all. 

The main flash systems are electronic flash 
discharges, and spark and arc units. 

Electronic flash units require specially 
designed circuits to permit ultra-short expo- 
sures down to 1 microsecond (1/1,000,000 
second). This is achieved by high operating 
voltages (7,000 volts or more), and small main 
capacitors which take less time to discharge. 
This limits the light output of the unit — usually 
to about 50 joules. 

Sparks are produced by capacitor discharges 
across tungsten, steel, or copper electrodes. 
Again the duration of the spark depends on the 
size of the capacitor — in practice between 01 
and 1 microfarad. The electrodes are usually 
held in a stream of an inert gas such as nitro- 
gen. Discharge voltages may be between 5,000 
and 10,000 volts, yielding spark durations of the 
order of 1 microsecond. Sparks of 0-1 micro- 
second can be achieved, but are very weak. 

With sparks it is often useful to make the 
effective size of the source as small as possible, 
since the spark itself is already a concentrated 
light source. Masks will reduce it still further, 
and permit the use of the spark without an 
optical system at all. This has the advantage 
that the active ultra-violet rays of the spark 
are not filtered out by lenses. Such a set-up is 
suitable only for silhouette photographs. 

A special type of spark is obtained by the 
explosion of thin copper wires. The wire is 
connected in series with a spark gap, wired in 
parallel with a bank of capacitors. These are 
charged to 1 5,000 to 60,000 volts. As the voltage 
rises, the spark gap breaks down, and the wire 
explosively vaporizes with a brilliant flash of 
light. Metal ribbon, asbestos fibres saturated 
with metal salts, or metal coated textile fibres 
can also be used in place of wire. 

High speed radiography units have been 
designed for exposures as short as 0-03 micro- 
seconds. A high vacuum X-ray tube is used 
for the purpose and is fed by 100,000 volt 
pulses at several thousand amps. 
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Lighting Technique. High speed photographs 
taken with electronic or optical shutters need 
a high level of illumination. Self-luminious 
subjects, such as flash discharges, explosions, 
etc., usually themselves provide sufficient illu- 
mination for high speed photographs. Non- 
luminous subjects, as well as those where the 
self -illumination is not to be recorded, must be 
lit up separately. There the light source may be 
either a constant-intensity lamp, or a flash 
unit synchronized with the shutter. 

Suitable constant-intensity sources are high 
pressure mercury vapour lamps. They are 
available in units up to 1,000 watts, with an 
arc length of about in. With an appro- 
priate reflector, lighting levels up to 50,000 
foot-candles can be achieved over an area 
5 ins. in diameter, 8 ins. from the lamp. 

In many cases the high instantaneous in- 
tensity of electronic flash or spark units makes 
them more suitable as high-speed light sources, 
even when an electronic or optical shutter is 
used. The light usually still lasts longer than 
the effective shutter opening, so that the latter 
controls the exposure time. 

The light may be synchronized to the shutter 
so as to provide the whole of the illumination, 
or merely the shadow illumination for self- 
luminous phenomena such as explosions. 
Alternatively, the synchronization may be 
timed in such a way as to exclude the self-light 
of the phenomenon (e.g., explosion flash) and 
record only the movement of, for instance, the 
shock wave. This procedure is possible only 
with the aid of a high speed shutter. Such a 
shutter is also useful for eliminating other 
extraneous light. That may include the “tail” 
of the high speed flash discharge itself; even a 
2-microsecond discharge takes about 15-25 
microseconds to die away completely. Such a 
comparatively low intensity light may, without 
a Kerr cell or similar shutter, record on the 
film owing to its duration, and blur or obscure 
the main subject. 

Triggering Systems. Various methods are avail- 
able for triggering the shutter and/or high 
speed flash, and synchronizing them with each 
other where both are used together. 

The most straightforward way is to use the 
subject itself to trigger the shutter. With self- 
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HOLST IMAGE CONVERTER. The main elements are: A, 
subject; B, lens; C, semi-transparent photo-cathode ; D, elec- 
tron stream ; E, viewing screen observed by eye. As the image 
of the subject is formed on the photo-cathode the latter emits 
electrons. These travel through the evacuated tube and excite 
the fluorescent screen to produce an image there. 


luminous phenomena the light emission can 
energize a photo-cell and thereby trip the high- 
voltage pulse which opens the magneto-optical 
or electro-optical shutter. The tripping circuit 
often incorporates a controllable delay system, 
so that the exposure is made after a selected 
period has passed. 

Synchronization of the shutter with a high- 
speed flash or a spark is comparatively easy, 
since the flash circuit can be connected to the 
delay system (to allow for the firing delay of the 
flash). The subject then trips both the shutter 
and the flash. 

Where discharge phenomena (arcs, flash 
discharges, etc.) themselves are being photo- 
graphed, the same principle is used. The delay 
system there allows the exposure to be made at 
any stage after the beginning of the discharge. 

An automatic triggering system has been 
used for schlieren photographs of bullets. 
It includes an electronic circuit which measures 
the delay between the passage of the bullet or 
other missile past two screens, and triggers a 
spark when the subject passes a third screen. 
The three screens are set up at equal intervals. 

Image converter tubes, when used as shutters, 
are triggered by a thyratron switch which is in 
turn controlled either by the phenomenon 
being photographed or by independent means. 

Acoustic triggering works on a similar 
principle, with the output of a microphone 
being used to operate a thyratron switch, or 
relay. The distance of the microphone from the 
source of the sound serves as the controlling 
factor for the firing delay; the farther away the 
microphone, the later the exposure occurs. 

Mechanical triggering in the form of trip 
wires has been used for photographing bullets 
and other missiles in flight. The movement of 
the wire on being hit closes a relay circuit. The 
reliability of such a system depends on mechani- 
cal variables, but the control can be very fine. 

Acoustic and mechanical triggering methods 
are popular with feature photographers taking 
spectacular rather than scientific high speed 
pictures: e.g., splashing liquids, impact of 
breaking crockery, bursting balloons. 
Stroboscopic Operation. The various types of 
high speed shutters as well as electronic flash 
and spark sources can be operated repeatedly 
at brief intervals for stroboscopic photographs. 
These may show successive phases of a move- 
ment superimposed on one picture, or use the 
same phase of a repeated movement cycle to 
makethe subject appear stationary. 

For the first method repetitive flash sources 
are generally used, with the flashing frequency 
adjusted to the speed of movement. Such 
pictures are taken with the camera shutter open. 
Provided the flashing rate is accurately main- 
tained, the resulting photographs may provide 
adequate information for direct movement 
plotting. 

Flashing rates may vary from 100 to 4,000 
per second, with flash durations down to 1 
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IMAGE CONVERTER SET-UP. This system is used for single 
photographs of non-luminous objects which are illuminated by 
a flash Cube. The image converter shutter is synchrQnized with 
the peak of the flash. A, electronic flash tube powered in the 
usual way. B, trigger circuit. C and E, variable delay circuits 
D and F, thyratron switches. G, lens. H, image converter 

microsecond. Spark units have been designed 
with flashing rates up to 10,000 per second. 
Suitable circuits will permit operation (for a 
limited number of flashes) at even shorter 
intervals such as 10 microseconds. 

The use of high speed shutters as strobo- 
scopes has the advantage that a high rate of 
repetition is obtainable more easily, and the 
pulses may be of a lower current than would be 
required to operate a stroboscopic flash source 
at a similar rate. This is particularly simple 
with an image converter acting as shutter, 
since the pulse voltage actuating it is compara- 
tively lower. 

Applications of High Speed Photography. The 
majority of high speed investigations by photo- 
graphic means use cinematography rather than 
still pictures. Special uses of still photography 
are ballistic research by means of straight- 
forward single high-speed shots, or by schlieren 
pictures taken with the aid of sparks. Such 
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schlieren photographs ate also cf use in study- 
ing aerodynamic flow effects. 

Arc and gas discharges as well as controlled 
explosions have been studied with the help of 
high speed shutters of the Kerr cell, magneto- 
optic, or image converter type. 

Stroboscopic sequences at lower rates of 
repetition (up to 100 per second) are used for 
motion studies in industry to find the most 
economical ways for operators to work. 

Single high speed flash illumination has been 
extensively used to study rapid animal motion 
(e.g., birds and insects in flight). 

Exposure Effects. Exposures of short duration 
at high light intensities are subject to recipro- 
city failure. The effective sensitivity and con- 
trast of most materials reaches a minimum 
around exposures of 10 microseconds. Below 
that the reciprocity law is usually valid, and the 
sensitivity of blue-sensitive emulsions remains 
independent of the exposure time. With 
optically (dye-) sensitized emulsions a further 
loss of speed occurs around 1 microsecond 
exposures, and is believed to be due to the 
sensitizing dyes. Above 10 microseconds the 
speed and contrast increase, showing a maxi- 
mum at 10,000 microseconds (1/100 second). 
This is generally the optimum exposure time 
from the point of view of speed for most 
materials. L.A.M. 

Illustrations : Plate Section X. 

See also: Ballistic photography ; Chrono photography; 
Flash ( electronic ); High speed cinematography; Spark 
photography; Stroboscopic flash. 

Books: Progress in Photography (Vol. II), ed. by D. A. 
Spencer (London); The Photographic Study of Rapid 
Events, by W. D. Chesterman (Oxford); ” Flash P* 
Seeing the Unseen by Ultra-high Speed Photography , by 
H. E. Edgerton and J. R. Killian (Boston). 


HIGH SPEED PROCESSING. Special for- 
mulae and techniques enable negatives and 
prints to be processed in an extremely short 
time. High speed processing is used princi- 
pally: in photofinish race recording, when a 
finished print can be produced less than two 
minutes after the photograph was taken; 
in newspaper offices and picture agencies, 
for dealing with urgent topical news photo- 
graphs; and in hospitals, where medical X- 
ray photographs are often processed at high 
speed to show the results of an operation. 

See also : Rapid processing 

HILL CLOUD LENS. Camera lens designed 
by R. Hill for photographing cloud formations 
over the whole sky; the camera therefore has 
to cover an angle of 1 80° with the lens pointing 
vertically upwards. Any surrounding vertical 
objects such as trees appear on the plate laid 
out in a radial direction. Distortion is corrected 
by using the same camera as a projector, with 
the image on the developed plate projected on 
to a hemispherical screen. In the lens a 
moderately wide angle lens (covering about 


60°) is placed behind the stop, and in front is a 
negative meniscus component, the arrange- 
ment being such that an object field of 180° is 
compressed into the smaller (60°) field of the 
rear element. 

See also: Lens history. 


HILL, DAVID OCTAVIUS, 1802-70. 
Scottish painter and photographer. He was the 
first to demonstrate the artistic potentialities 
of Fox Talbot’s Calotype. In 1843 he decided 
to paint the first General Assembly of the 
Free Church of Scotland. This involved some 
470 portraits of delegates and it was to assist 
him in this task that he called in the aid of 
photography. This was in collaboration with 
Robert Adamson, who was recommended to 
him by Sir David Brewster. The collaboration 
lasted until the death of Adamson in 1848, and 
to this period belongs the best work Hill did. 
It is generally conceded that some of his por- 
traits comprise work which has never been 
excelled. Biography by H. Schwarz (English 
translation: London and New York 1932). 
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HIRE PURCHASE. Hire purchase trading in 
Britain is regulated by the Hire Purchase Act, 
1938, the short Act of August, 1954 and supple- 
mentary regulations made under these Acts. 
The Act now applies to all hire purchase tran- 
sactions in photographic or other goods in 
which the hire purchase price does not exceed 
£300 (not £100, as prior to August, 1954.) 

Under a hire purchase agreement goods are 
hired to the customer who is granted an option 
to purchase, which is taken up when he com- 
pletes the last payment. Until that last pay- 
ment is made the goods belong to the dealer. 
Terms. The extent to which hire purchase 
terms are available on photographic goods is 
increasing and a large number of dealers now 
offer them. The terms vary. The majority of 
photographic dealers ask for a deposit of 50 
per cent of the hire purchase price (the legal 
minimum laid down in February 1956, but sub- 
ject to modification from time to time) with 
interest on the balance of 5 per cent for six 
months, and 10 per cent for twelve months. 

The terms recommended by The Photo- 
graphic Dealers’ Association to its members and 
widely used are: minimum deposit 50 per cent, 
interest on balance up to 9 months, 5 per cent; 
on 9 months or more, 7J per cent. 

Very few photographic dealers will offer 
hire purchase terms on goods priced below £5 
or will extend the payment period beyond two 
years. Instalment payments are usually made 
either monthly or weekly. 

The financial status and stability of an appli- 
cant for hire purchase terms is of utmost 
importance to the dealer. It is usual to present 
the would-be purchaser with a proposal form 
for signature, and for details of his residence, 
occupation, etc, and banker’s reference. 

The Agreement. Under the Acts a hire pur- 
chase agreement must be entered into — over 
the signatures of the dealer (called the “Owner”) 
and the customer (called the “Hirer"). 

Before the agreement is signed the Owner 
must declare in writing, to the prospective 
Hirer, the cash price of the goods. The agree- 
ment itself must contain the cash price, the 
hire purchase price, the amount of each in- 
stalment and when payable, and a list of the 
goods to which the agreement relates, sufficient 
to identify them. If the goods are second-hand 
this must be stated. Further, the agreement 
must contain a prominent notice in the terms 
prescribed by the Schedule of the Act. This 
schedule sets out: 

(1) The right of the Hirer to terminate the 
agreement at any time before the final instal- 
ment becomes due (subject to certain condi- 
tions of payment to the Owner). 

(2) Restriction of the Owner’s right to re- 
cover goods from the Hirer, without his con- 
sent, once the Hirer has paid one-third of the 
hire purchase price. If that has been paid the 
Owner may only recover the goods by obtain- 
ing an order in County Court. 

558 


Finally, once the agreement has been signed, 
a copy must be sent to the Hirer within seven 
days. 

(Agreement forms, printed and detailed, 
which, when filled in and signed, conform with 
all provisions of the Hire Purchase Acts, may 
be obtained ready printed.) 

Method of Financing. The method of financing 
the hire purchase system of trading is important 
and must be considered carefully by the dealer. 
He may finance it himself or enlist the services 
of a finance house. If he finances the deal him- 
self, he will require an amount of extra capital 
which may be considerable. The custom with 
some dealers is to finance the smaller tran- 
sactions themselves and to hand the bigger deals 
to a finance house. The finance houses operate 
various methods, but dealers usually prefer an 
arrangement in which they sell the equipment 
to the finance house who then hires or sells it 
to the customer. 

American Practice. Hire purchase is much more 
widespread in the U.S.A. (there known as 
time payments). Terms are not so closely con- 
controlled by law, and vary throughout the 
country. General terms, subject to a thorough 
credit investigation of the purchaser, are: 
10 to 20 per cent deposit, with the balance 
payable over 3 months to 1 year. The interest 
charge is about 6 per cent on the unpaid balance. 

Many dealers do not finance the sale them- 
selves ; once their bank has approved the sale, 
they receive the full purchase price from the 
bank. The latter then collects the monthly 
payments from the purchaser. A.F.A. 

HISTORIOGRAPHY OF PHOTOGRAPHY. 
The first task of any history of photography is 
to relate technical progress. Beyond that it has 
to take note of the men who use the techniques 
and the work they accomplish. The history of 
photography is also a history of photographers 
and photographs. Side by side with the technical 
record unfold the stories of photography as an 
industry and as an art form. 

Progress in photography stems from three 
sources: chemistry, optics and engineering. 
Whenever developments from one angle over- 
take the others a new challenge ensues for 
advance all round. This pattern of technical 
interactions is complex enough to discourage 
professional historians. Histories of photo- 
graphy are, as a rule, compiled by students of 
photography who, as historians, are mostly 
amateurs. 

As photography is not much more than a 
century old a fair amount of source material 
is accessible, some of it still unpublished or 
just waiting to be discovered. Old photographs 
and historic equipment offer self-documenting 
evidence and confront the student with 
embarras de richesse. There are but few salt 
short cuts of organized basic information; 
what we have of contemporary or near-con- 
temporary writing befogs rather than illu- 
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minates the origins and decisive turns of the art. 
The historian, being forced to accomplish first 
a great deal of original field research, is in 
danger of getting prematurely exhausted and 
myopic. Unskilled or limited research is easily 
satisfied with its own results and proceeds to 
vest its guiding interests in them; dates and 
names that are but pegs on which to hang a 
tale will then be mistaken for the whole story. 

Thus histories of photography are sometimes 
bogged down at elementary levels; the assem- 
bling of data and cataloguing them according 
to controversial priorities. Preoccupation with 
details is more frequent than constructive 
integration of available knowledge, or imagina- 
tive interpretation of trends. 

In particular, insufficient attention has so 
far been paid to cause-and-effect relationships 
between technical changes and modes of picture- 
making. The rejuvenating impact of advancing 
photographic tools — which steadily broaden 
the photographer’s view of his subject matter 
and periodically vary his methods of pictorial 
articulation — awaits much study. Short of it, 
any grand synthesis of the history of photo- 
graphy is difficult to conceive. 

Component histories of lenses, sensitized 
materials, cameras, etc., are more easily 
assembled although still not always simple to 
follow. It is a weakness of specialist historians 
to delight in expounding subtle distinctions or 
to overstress freakish phenomena — neither of 
which is, as a rule, relevant to normal develop- 
ments. Yet this is not over-important. 

The historiography of photography is badly 
in need of more scholarly monographs, dis- 
passionate biographies and thoroughly re- 
searched local and national histories. The 
immediate task of new historians lies in this 
sphere of working to limited objectives and 
presenting balanced views of specific arearf 
rather than in staking comprehensive claims of 
coverage based on incomplete or uneven 
material. A.K.-K. 

See also: Camera history; Chronology of photographic 
Inventions; Cine history; Colour history; Development 
history; Discovery of photography; Lens history; Literature 
on photography; Museums and collections; Sensl ized 
materials history. 

Books: History of Photography, by J. M. A. Eder (New 
York); The History of Photography, by H. and A. 
Gemsheim (Oxford); One Hundred Years of Photography, 
by Lucia Moholy (London); The History of Photography, 
by B. Newhall (New York); The History of the Discovery 
of Photography , by G. Potonnite (New York); The March 
of Photography , by E. Stenger (London); Photography 
and the American Scene, by R. Taft (New York). 

HOEGH, EMIL VON, 1865-1915. German 
lens designer. Calculated in 1892 one of the 
most important modem lens systems, the 
symmetrical double anastigmat, manufactured 
by C. P. Goerz, Berlin, and later named Dagor. 

HOLD- ALLS. Leather, fabric or plastic carry- 
ing bags — usually fitted with a shoulder strap — 
designed to take the whole of a photographer’s 


equipment of camera, exposure meter, inter- 
changeable lenses, filters, lens hoods, spare 
films, etc. 

S«e also: Cases. 

HOLDING THE CAMERA. Blur caused by 
camera shake is one of the commonest faults in 
negatives exposed with the camera held in the 
hand. This is understandable because most 
amateur snapshots are taken with shutter 
speeds of 1/25 and 1/50 second. Most people 
think that they can hold a camera steady for 
such short intervals. But actual tests show that 
shake is common at all shutter speeds up to 
1/150 second. Even so, it is fairly easy to leam 
to hold a camera steady at 1 /25 second with a 
little practice. 

Gripping the Instrument. The exact way of 
getting hold of the camera body will depend on 
the type of the camera used, on its size rela- 
tive to your hands, and on personal preference. 
The grip to aim at in every case is one which 
permits pressing of the release — and operation 
of other essential controls, e.g., rangefinder 
focusing knob where appropriate — without 
detracting from the support which the hands 
should give the camera. This is often a matter 
of trial and error; try different holds and see 
how comfortably you can release the shutter 
while still holding the camera still. 

Cameras with eye-level finders are best 
pressed against cheek and forehead for steadi- 
ness, with the hands gripping each end of the 
body. With a folding model, the fingers of one 
hand may, if there is room, curl round one 
side of the baseboard, or else be tucked behind 
it. In either case, keep all fingers clear of the 
lens and rangefinder windows (if any). If the 
camera is in an ever-ready case, use the third 
and little fingers of one hand to keep the lid or 
flap of the case out of the way of the lens when 
necessary. 

A camera strap (or the strap of the ever- 
ready case) can increase steadiness, too. For 
that purpose, shorten the strap until the camera 
lies well up on the chest with the strap hanging 
round the neck. Then bring the camera up to 
the eye, and hold it so that one or both hands 
are inside the loop of the strap. A certain 
amount of outward pressure will then tension 
the strap and keep the camera firmly pulled 
against the face. 

The normal hold for a camera with waist- 
level finder — box cameras as well as reflex 
models — is to press it against the chest keeping 
both arms and elbows close to the body. If the 
camera or case has a neck strap, it is again 
useful to shorten this so as to bring the camera 
up as high as possible for comfortable viewing. 
Pulling against the strap will aid in holding 
the camera steady. 

Finally, release the shutter smoothly. To do 
this you must practise until your finger can take 
up the first idle motion of the release quite 
quickly, and then squeeze steadily until the 
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CAMERA HOLDS AND STANCES. I. Normal horizontal hold 
for camera with right-hand release button. 2. Vertical hold 
(for upright pictures), using the thumb Co press the release 
button. 3 Alternative vertical hold, derived from the original 
horizontal position. 4. Twin-lens reflet camera on a short strap 
round the neck . 5. The camera should still be steadied by the 
hands. 6. A table will serve as a support for steadying the hands 
while holding the camera at slow shutter speeds. 7. Leaning 
against a tree for support. 6. Floor-level camera stance. 


shutter trips. Do not try to release the shutter 
at any particular instant or you will almost 
certainly jerk the camera. Aim at maintaining a 
uniform pressure without worrying about when 
the actual release will occur. 

Supports. Before making an exposure, look 
around for something to brace your body 
against or rest your elbows upon. By using a 
tree, the side of a building, a lamp post, the top 
of a car or a gate, you can greatly reduce the 
risk of camera shake from the start. It is even 
better if you can hold the camera against some- 
thing solid like a tree or lamp post. 

If you are forced to work without some such 
support, go down on one knee and brace your 
elbow against the other, like a marksman. If 
this is impossible, or if it results in an un- 
satisfactory viewpoint, then at least stand with 
your feet well apart and your heels flat on the 
ground. Never try to take a photograph while 
your feet are close together. 

Breathing. Some people find it easier to breathe 
out and then release the shutter, others breathe 
in and release the shutter while they hold their 
breath. Both of these methods lead to trouble 
if you have to wait before you make the 
exposure. The best way is simply to breathe 
naturally throughout the release. 

Finally, waste no time over the operation. 
Do not prepare to release the shutter until you 
are quite ready to shoot, then proceed without 
hesitating. If you spend needless seconds at the 
ready you will stiffen up, start worrying about 
camera shake, and inevitably produce it. 

See also: Camera shake; Camera supports. 

HOLLAND. Photography was originally intro- 
duced into Holland by itinerant exponents of 
the daguerreotype, and there are several good 
specimens of their work in private and official 
collections. Since that time the growth of 
photography has kept pace with that in other 
European countries in the scientific, professional 
and amateur fields. The popularity of photo- 
graphy in Holland owes a great deal to the use 
of the camera to illustrate the vast amount of 
public and private correspondence with the 
extensive overseas possessions. 

Science and Industry. Dutch scientists have 
made a number of important contributions to 
photographic progress — principally in the 
optical field. The invention of the microscope 
by Zacharias Janse of Middelburg in 1 590 and 
of the Dutch telescope by J. Lippershey of the 
same town in 1608 can both be regarded as 
essential preliminaries to the optics of photo- 
graphy. Snellius, a professor of Leyden, dis- 
covered the laws of refraction in 1625 or earlier, 
and in 1678 the famous Dutch scientist, Huy- 
gens, originated the wave theory of light. 

In recent years Prof. Dr. A. Bonwers has 
made further contributions in mirror optics 
and wide screen cinema projection, while the 
popular Albada viewfinders are the invention 
of the Dutch optician, General L. E. W. van 
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Albada, who also made remarkable discoveries 
in wide-angle stereophotography. 

The Universitaire Film (Academical Film 
Centre) at the University of Utrecht has an 
international reputation in the field of medical 
cinematography. 

In industry Holland has one manufacturer 
of sensitized materials — roll films, printing 
papers and X-ray films — and photographic 
chemicals, and another specializing in photo- 
electric exposure meters. In addition there is a 
world famous organization in Eindhoven 
which exports flash bulbs, studio lamps of all 
kinds, and cinematograph projectors for both 
16 and 35 mm. films. This great industrial 
concern has also been closely concerned in the 
development of the electron microscope and 
its application to scientific and industrial 
problems. The best-known Dutch optical 
firm at Delft is famous for its optical mirror 
systems and has produced a new wida-screen 
method for cinematography without chromatic 
aberrations — of importance with colour films. 
They also make equipment for mass miniature 
radiography. 

Organizations. There is the Nederlandse Vere- 
niging voor Wetenschappelijke Fotografie 
(Netherlands Society for Scientific Photo- 
graphy) which is associated with the Interna- 
tional Scientific Film Association, and the Neder- 
landse Vereniging van Fabrikanten en Im- 
porteurs van Fotografische Producten (Nether- 
lands Society of Producers and Importers of 
Photographic Products). The retail trade has 
its own Bond Nederlandse Fotohandelaren 
(Society of Photographic Dealers) and the 
professional photographers are organized 
under the Nederlandse Fotografen Patroons- 
vereniging (Society of Master Photographers). 
The Nederlandse Fotovakschool (Netherlands 
School for Professional Photography) is the 
only educational institution authorized by the 
Ministry of Education to hold examinations 
and award qualifications in technical and com- 
mercial photographic subjects. Press photo- 
graphers also have their own professional 
organization. 

The various trade associations organize 
joint propaganda drives, using instructive 
cinema films — e.g., to promote the sales of 
flash equipment. 

In the University of Leyden, part of the 
Rijks Printen Cabinet (Government Print 
Collection) consists of the famous “Gregoire” 
collection of daguerreotypes and historical 
photographs. 

The amateur movement in both still and cine 
photography is very strong. There are 110 
camera clubs in the Bond van Nederlandse 
Amateur Fotografen Verenigingen, or N.A.F.V. 
(Federation of Dutch Amateur clubs), while 
twenty-five amateur cine clubs are united in the 
Nederlandse Organisatie van Amateur Film- 
clubs, or N.O.V.A. (Netherlands Organization 
for Amateur-filmers). 
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The Nederlandse Amateur Fotografen Veren- 
iging (Netherlands Amateur Photographic 
Society) of Amsterdam, founded in 1887, is the 
oldest photographic society on the continent of 
Europe. 

Dutch photographers are divided in their 
approach between the romantic and the modem 
as sponsored by such organizations as the 
Netherlands Fotografen Kunstkring or N.F.K. 
(Netherlands Society of Photographic Artists) 
and the Gebonden Kunsten Federatie or 
G.K..F. (Federation of Modem Craftsmen). 
Publications. Holland produces a fair amount 
of photographic literature. Periodicals include 
the magazine Focus, established in 1914, and 
the younger Foto. Amateur cinematography 
is catered for by Het Veerwerk (The Clockwork 
Motor). A large number of periodicals and 
books in English, German and French about 
photography are imported, since a very high 
proportion of Dutch photographers are able 
to read these languages. Books and articles by 
Dutch writers are also regularly translated 
into other languages. D.B. 

HOLMES, OLIVER WENDELL, 1809-94. 
American writer and amateur photographer. 
Collector of stereographs and designer of a 
stereoscope. 

HOME-MADE EQUIPMENT. Every photo- 
grapher makes use of home-made accessories 
at some time or other, even if it is no more than 
a card clipped to the side of a lamp reflector 
to deflect part of the light. 

One of the main reasons for making a piece 
of equipment is that it will then exactly fill the 
particular need. Another equally important 
reason may be the cost of the manufactured 
article. This is especially so with elaborate and 
expensive items like enlargers. Here, the time 
spent on assembling, testing and adjusting is 
not something which the home builder has to 
charge against the cost. The manufacturer 
cannot help but pass this expense on to the 
purchaser. 

Dependent on the equipment and ability of 
the builder, the home-produced article may or 
may not be as presentable or efficient as the 
factory-made tool. The finish is merely a 
matter of taste on the part of the builder. 
Relative efficiency is a thing which the user 
will have to consider when deciding whether to 
build or purchase. Many items of equipment 
are available in different standards of accuracy, 
and with the normal facilities of the home 
builder he cannot hope to produce an article 
comparable to the best commercial product. 

This is the case with colour filters, to take 
one example. Many manufacturers offer a 
range of filters made from optical glass dyed in 
the mass, and worked to the same precision 
limits as apply to lenses. They are therefore 
expensive, and are used where the utmost 
scientific accuracy is necessary. However, 
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where the requirements are not so exacting, a 
less accurate and much cheaper type may be 
perfectly satisfactory. Such an alternative 
range is often off ered by the same manufacturer. 

It is here that the home-made article begins 
to be a worthwhile proposition. Correctly 
coloured filter gelatin is available very cheaply, 
and it makes the production of a set of cemented 
glass filters in a range of colours a practical 
project. Gelatin filters can be made exactly to 
the user’s requirements for size, shape and 
colour with next to no equipment. Even 
coloured plastic sheet has been used success- 
fully. 

Bellows. New or replacement bellows for en- 
largers, etc., can be made up quite well by most 
handymen. Some patience is required here in 
marking out, although this only entails simple 
geometry. 

Materials required to make a first-class job 
are: 

(1) Thin black leather “skiver”, which can 
be obtained from any leather shop. This is not 
very expensive and is more supple than most 
other materials that have been used. 

(2) Some very thin material — such as that 
from which a good quality pocket handker- 
chief is made. 


(3) For stiffening purposes ordinary drawing 
paper between the leather and material will 
help to keep the folds in the finished bellows. 

(4) Rubber solution as an adhesive. 

Quite good bellows can be made up from 
ordinary stout brown wrapping paper for those 
who cannot undertake the more elaborate job. 
Unorthodox Materials. Home-made colour 
filters are only one example of how the home 
builder can profitably consider substitute 
materials. While camera bodies today are 
largely die-cast in light alloys, not long ago they 
were made of wood and wood is still an excel- 
lent stand-by for the photographic handyman. 
There is no reason to be shy of trying unortho- 
dox or unconventional materials. In these days 
of plastics, resin-bonded plywood and super- 
strong cold-setting glues, he has available a host 
of easily-worked materials denied to the earlier 
worker in ordinary wood. 

To take another example, commercially 
produced lens hoods are generally metal 
spinnings but an equally strong and in some 
ways superior hood is easily made from thin 
plywood. Most of the principal metal com- 
ponents of an enlarger can be made of wood, 
and have been so constructed in hundreds of 
successful cases. 


TOOLS AND MATERIALS FOR MAKING EQUIPMENT 


Article Used for Type or Size Remarks 


Abrasives 

Wood 

Sand or glass paper 


Metal 

Emery paper or 
cloth 

Adhesives 

Paper, cloth 

Rubber gum 


Wood 

Cold glue (various 
makes) 

Bending bars 

Bending sheet and 
strip metal 

2 bars, 9 x j x J in. 

Chisels 

Wood 

|, | in. suitable 


Metal 

i and $ in. suitable 

Dies 

Cutting screw 

in. diam. dies 


thread on rods. 

cut threads up to 


bolts, etc. 

i in. 

Files 

Metal 

6-8 in. medium 
double cut 

Glass cutters 

Cutting sheet glass 

Diamond 



Wheel 

Punches 

Centring for drills 

Centre punch 


Setting pins and 

Flat punch, nail 


nails 

punch 

Saws 

Wood 

Hand saws 

Tenon 

Coping 


Metal 

Hack saws 

Soldering 

Brass, copper, tin 

Tinman’s solder 
in sticks 


Electrical work 

Resin-cored solder 
only 

Taps 

Threading holes 

Taper, second or 
plug available in 
all sizes 

Vices 

Wood 

Metal 

Various sizes 


Available in grades of coarseness; use a cork sanding block 
for flat work 

Keep old and used pieces for final polishing. Available in 
various grades 

Follow simple directions on tin or tube, glue under pres- 
sure whenever possible 

Make up from mild steel bar; fit a i in. bolt and nut at 
each extreme end 

Preserve original edge angle when sharpening. Use mallet 
and not hammer to drive 

Cut along vice jaws or bending bars with a shearing action 
Taper off end of work to be threaded. Cut with | turn 
forward and £ turn back 

Use with slow, steady strokes; relieve pressure on return 
stroke 

Practice gives the “feel". Steady, confident strokes give 
cleanest cut. Support glass to be cut adequately along the 
whole length 

Adequate for amateur requirements 

Place point at acute angle to locate spot, then tip to 
vertical to strike 
Hit squarely 

Not recommended forsmall work 

The best forsmall work 

For cutting round curves. Do not "force” cut 

Fine tooth blade for sheet and tube work (24 points per 

in.) Coarser ( 1 8) for heavier bar material 

Spirit or paste flux suitable. Tin pieces before "sweating" 

together over flame 

Hot iron, minimum of solder on joint 

Procedure as for dies. In blind holes, start with taper and 
"bottom" with plug tap 

Steel frame type with renewable wood jaws preferred 

Make a pair of soft "clams” or false jaws, to hold finished 
work. Do not rivet on the jaw edges; the jaws are har- 
dened and will chip 
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Many commercial components — e.g., en- 
larger parts, tripod heads, rangefinder bodies 
and the like — are castings, often in light alloys, 
but it is nearly always possible for the metal 
worker to fabricate similar items from sheet 
and rod. Brass is generally a suitable material, 
as it is easily soldered, but, if there are no 
soldered joints, aluminium is easier to work. 
Given only an elementary equipment of hack- 
saws and files, quite complicated items can be 
built up without any professional skill. 

Apart from soldering (which is not every- 
ones’ forte) quite a large proportion of home- 
made metal equipment can be assembled with 
small brass screws and nuts. These are obtain- 
able from any electrical or ironmonger’s shop — 
sized from No. 1 B.A. to No. 6 B.A. would be 
found very useful. Many uses can also be found 
f or aluminium or copper rivets. 

Sheet metal work is something else which the 
home constructor needs no elaborate plant to 
tackle successfully. While the manufacturer 
uses bending and folding machines to make 
his shapes, the home worker can produce a 
satisfactory job by bending his sheet between 
two bars held in a vice and cutting out his 
shapes with hand snips. Enlarger bodies, 
dishes, reflectors, lenshoods and darkroom 
lamps are just a few of the sheet metal items 
readily produced by “one-off” hand methods. 

Hand-shaping methods can be applied to 
many other simple things — e.g., plastic print 
tongs and paddles, wooden masking frames, 
drying racks and metal dishes. 

Adapting Scrap. Many home-made articles 
can be produced from scrap or discarded 
material. Many examples will spring to mind of 
scrap articles and materials which need little 
work to adapt them for photographic purposes: 
roller squeegees from rubber hose and a length 
of wooden broom handle; enlarger lamphouses 
from paint or other cans; reflectors from 
aluminium pudding basins; safelights from 
coloured glass jars — the list is endless. And 
there is no limit to the ingenuity which can be 
brought to bear in recognizing a photographic 
use for improbable material. The great attrac- 
tion in this pursuit lies in the fact that the 
final product often costs literally nothing. In 
some cases the appearance of the finished 
article may betray the original purpose of the 
material used, but if the user is satisfied with its 
performance that is all that matters. 

Ideal Facilities. At the other end of the scale 
comes the amateur who can call on the re- 
sources of an enthusiast’s workshop, containing 
machine tools and precision equipment. Many 
an amateur engineer and craftsman has built 
up such an outfit. Access to or the possession 
of a lathe opens the door to precision machin- 
ing comparable with the best from any factory. 
The amateur’s methods will be different, and 
his production will take longer, but his results 
will be in no way inferior to the factory-made 
article. Indeed, they may well be better. 


Too often the term amateur is taken to mean 
merely a dabbler — one who lacks the skill and 
qualifications of the professional. But in fact 
the amateur is often able to devote time to the 
study of his hobby and patience and skill to 
its performance which the professional can 
rarely afford to give. So the work of amateurs, 
particularly in the field of craftsmanship, is 
often of a quality unsurpassed anywhere. 
Given a strong inclination and the necessary 
facilities, there is no project beyond the powers 
of the amateur. There have been more than one 
successful home-made precision camera. 

The importance to photography of the home 
constructor has been well recognized in the 
number of books and magazines giving designs, 
instructions and hints on building. These pro- 
vide valuable information and short cuts for 
making serviceable equipment with little or 
no skill or training. And there is nothing to be 
ashamed of in home-made equipment; after 
all, the prototype of every successful new 
device was once a “home-made” project. 
Tools. While many articles can be made with 
the simplest tools such as are found in every 
household, the scope of the amateur can be 
greatly extended by adding a few others as 
included in the list above. Generally, the cost 
will be saved on the first few items made with 
their assistance. L.C.M. 

See also: Adhesives; Bellows; Blacking. 

Books: All About Making Camera Gadgets, by L. C. 
Mason (London); All About Making Darkroom Gadgets, 
by L. C. Mason (London); Hints , Tips and Gadgets for 
Amateur Photographers (London); Making an Enlarger, 
by H. van Wadenoyen and J. Holtam (London). 

HOME MOVIES. Motion-picture equivalent 
of the snapshot album, made possible by the 
introduction of a camera film which is devel- 
oped to a direct positive by the reversal system. 
The film used in the camera can be projected 
after processing, thus effecting a considerable 
economy in operating costs. 

See also : Cinematography. 

HOMOLKA, BENNO, 1860-1925. Austrian 
chemist. Worked in Hochster Farbwerke, near 
Frankfurt, specializing in dyestuffs and photo- 
graphic chemistry. In 1904 discovered pina- 
cyanol, the red sensitizer, and pinacryptol 
green, the desensitizer. Also invented a dye- 
print process. 

HOOKE, ROBERT, 1635-1703. English 
physicist and experimenter; the assistant of 
Robert Boyle. Reported on a universal 
projector of the magic lantern type in 1668; 
inventor of the iris diaphragm. Hooke made 
many contributions to microscopy. 

HORGAN, STEPHEN H., 1854-1941. Ameri- 
can photographer and writer on the photo- 
mechanical process. One of the pioneers of the 
use of half-tone blocks for newspaper printing 
(in the New York Daily Graphic in 1 880). 
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HORIZON. Line where the earth and sky 
appear to meet. The position of the horizon 
in a landscape determines where the interest 
of the picture lies — if it is nearer the top of 
the picture than the bottom, the interest is 
in the landscape, and vice versa. That is why it 
should never run across the middle of the 
photograph, because that automatically splits 
the picture into two equal parts which com- 
pete for the observer’s attention. 

In a strong landscape such as occurs in hilly 
country, the horizon will be in the upper half, 
or, indeed, it may with advantage be elimi- 
nated by trimming away the sky. But in fen 
country, for example, or by the sea, a low 
horizon will carry a sky which dominates the 
scene with its cloud formation. 

There are three different ways of adjusting 
the position of the horizon: by tilting the 
camera up or down; by keeping the camera 
level and raising or lowering the front; and by 
keeping the camera level and later leaving out 
part of the top or bottom of the negative 
during printing or enlarging. 

Tilting the camera up or down introduces 
some distortion of the perspective of the 
picture. This passes unnoticed in a picture 
made up of rounded and irregular-shaped 
masses. But if there are any strong vertical 
lines — e.g., straight, tall trees, or the sides of 
high buildings — the tilt may be unpleasantly 
obvious. It is also impossible to join up the 
separate prints of a panorama series made with a 
tilted camera. 

The ideal way of controlling the interest and 
adjusting the level of the horizon in the picture 
is to use a camera with a rising and falling 
front. This method does not distort any vertical 
lines in the picture and gives a natural re- 
production of the perspective of trees and 
buildings. 

If a landscape is photographed with a camera 
without a rising front, verticals will not be 
distorted so long as the camera is kept 
absolutely level. In this case the horizon will 
run across the exact centre of the negative, but 
there is no reason for it to run across the centre 
of the print. The top or bottom of a contact 
print can easily be trimmed away to give the 
picture the required balance, and in an enlarge- 
ment the photographer is free to please himself 
about the position of the horizon. This is the 
only method open for making panoramas with 
a camera that has no rising front. 

The camera viewpoint, i.e., its height above 
its surroundings, will never bring the horizon 
line below the centre, provided the camera is 
held level with the lens centred on the negative. 
The viewpoint will determine how much is 
included in the foreground and how the fore- 
ground objects are laid out in the picture. Thus 
a low viewpoint will include only very near 
objects on a large scale, and these will hide 
anything farther away. If these subjects are 
taller than the height of the camera, they will 
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also obscure the sky line and often exclude the 
sky altogether. 

Conversely, a high viewpoint will not in- 
clude any particularly near details, and pro- 
vides an over-all view over medium distance 
objects, with the sky line formed by the limit 
of the field of vision. The higher the viewpoint, 
the farther this limit, and the less will appear 
of closer subjects. 

The straight line of the horizon should 
generally be interrupted before it meets the 
edge of the picture. This is merely a matter of 
choosing a viewpoint that makes use of a 
suitable tree, or similar natural object. F.P. 

HORIZONTAL ENLARGER. Earliest type 
of enlarger; an obvious extension of the 
old magic lantern, substituting a negative for 
the slide, and a piece of sensitized paper for 
the projection screen. 

HORSES. Successful photography of horses 
requires patience and a knowledge of horses. 
It is essential to understand how to show the 
points of different breeds correctly, both when 
stationary or in motion. It is useless to photo- 
graph a Thoroughbred in the same way as, 
say, a Shire horse or a Hackney. 

Types. A light horse such as a Thoroughbred, 
Hunter or Hack must be photographed with 
the camera at a right angle to the subject to 
show its lines and lightness to full advantage. 

The photograph may be taken from either 
side, although the near (left) side is the more 
conventional, but the horse must be posed with 
the foreleg nearest the camera slightly in front 
of the far foreleg, and the nearer hind leg a few 
inches behind the far hind leg. The tail must 
be shown in the normal position for the breed; 
in the case of an Arab it is carried almost like a 
plume. The head should be turned very slightly 
towards the camera with both ears pricked 
forwards and clearly visible. The neck should 
be flexed to show the crest (top of the neck) 
to advantage and there should be no suggestion 
that the horse pokes its nose forwards. The 
mane should be on the off (right) side of the 



HORSES FOR SHOW. Left: Camera pot don (represented by 
shaded square) f or photographing a race-horse so the best 
advantage. Right: Corresponding Ideal position for a heavy 
horse, So show up strength and mild build. 
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neck and if shown should be plaited and not 
blowing about in the wind. 

A heavy horse, such as a Shire or Clydesdale, 
may be photographed from a slight angle to 
show the powerful hind quarters to advantage. 
In this case the legs should be level, to convey 
the impression of strength and solidity. The 
slight change of camera angle from broadside 
will be sufficient to show all four legs of the 
horse clearly. 

The neck must be well bent to show its 
powerful line and high crest. There again the 
head should be turned slightly towards the 
camera so that intelligence in the eye and 
breadth of forehead may be shown. 

A Hackney (trotting horse) should be 
photographed with the hind legs well back, so 
that the horse “ covers a lot of ground ” and 
conveys the impression of latent power and 
swift action. 

When photographing groups of moorland or 
New Forest ponies, wnich cannot be posed, it 
pays to wait until two or three of the animals 
nearest the camera are in typical positions. 
The other members of the herd can then be 
made subservient to these two or three, by 
careful attention to viewpoint and depth of 
held. 

When a mare and foal are being photo- 
graphed together the foal should stand very 
close to its dam on the side nearer the camera, 
with its face no farther forward than the mare’s 
shoulder. 

Equipment. The apparatus most favoured by 
animal photographers is of two kinds, either a 
reflex camera or a press type with a lens of 
slightly longer focal length than standard. A 
press camera should have a large direct vision 
viewfinder in which the subject can be watched 
easily for any sudden movement, such as the 
flick of an ear or a swish of the tail, either of 
which could spoil the result. A quiet shutter is 
important, because any sudden noise, however 
slight, is liable to cause a horse to tum its head 
or move an ear. The shutter must be capable 
of fast speeds in order to catch movement in 
jumping and other action shots. 

Fast panchromatic material is used to give 
good colour rendering and to permit the use of 
fast shutter speeds. Filters are useful when 
photographing a bay horse with black points 
or when taking groups of ponies ranging in 
colour from chestnut to dark brown. A medium 
yellow filter is used when taking a grey horse, 
either jumping or whenever it is seen against 
the sky. 

Lighting. The most suitable lighting for all 
types is given by rather hazy sunshine at about 
45° to the subject, as such lighting will show 
the coat to advantage and the shape of the 
animal, without dark patches of shadow. 

Horses Standing Still. Great care is necessary 
in choosing a suitable location to photograph 
a horse because it is most important that the 
animal should be standing on level ground and 



HORSES IN ACTION. Top: Tht bat tlm. to phougropti o 
jumping horse Is at the take-off, or half-way across the hurdle. 
For the latter the jump must be clean; the take-off Is nearly 
always reasonably safe. Bottom: A horse landing does not 
look elegant unless his back feet are well up, nor when he has 
touched dawn and Is regaining his stride. 

the background be as plain as possible. Pre- 
cautions are taken to see that fences, stable 
doors or the branches of trees do not link up 
with the outline of the horse in any way. If the 
horse is to be shown unmounted, it should 
have either a headcollar or a bridle, with the 
reins resting on the withers. It should be held 
with a leading rein by a groom standing in 
front of the horse and well away from it. Where 
a horse and rider are shown, no one else is 
necessary to hold the horse, as the rider will 
control it and position it correctly. The camera 
is held so that it is at about the height of the 
horse’s shoulder and must on no account be 
tilted up or the subject will be in very bad 
perspective. 

It is usual for the animal to be in its summer 
coat and well groomed to bring out the sheen, 
which is a sign of good condition; the hooves 
should be oiled. 

Horses In Motion. Jumping pictures, whether 
in the show ring or on the racecourse, are either 
taken with the camera placed very low down 
at an angle of 45° to the landing side of the 
jump, or from the side of the Jump with the 
camera a little higher for a solid jump, such as a 
wall. The exposure must be made in the split 
second when the horse is over the middle of the 
jump. 

Hackneys, when trotting, are photographed 
at right angles to the camera to show all four 
legs clearly and with the leading foreleg at the 
top of its action, as this " high stepping ” 
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appearance is the animal’s most important 
characteristic. 

Groups of riders — e.g., at a hunt — are taken 
from a three-quarter front view in order to 
show the faces of both the riders and their 
mounts. 

Negatives should be very fully exposed to 
show all possible detail, and development time 
curtailed to produce a bright print full of detail. 
Over-development leads to a loss of quality in 
the rendering of the coat. 

As this is a technical subject there must be 
no retouching or faking, the object being to 
portray the subject accurately but to the best 
advantage. Printing is normally done on glossy 
paper. R.R. 

See also: Movement; Sport. 

Book : All About Photographing Horses and Riders , by 
P. Heath (London). 

HOT WATER BATH DEVELOPMENT. By 
using a bath of hot water it is possible to reduce 
the contrast of a print by as much as one paper 
grade. In principle, the process is similar to 
water bath development of negatives. 

After exposure in the usual way, the print 
is immersed in a standard developer until 
the image begins to appear. It is then trans- 
ferred immediately to a dish of hot water at 
about 130-140°F. (55-60°C.), and allowed to 
develop out. If the image does not build up 
sufficient density, the print is returned to the 
developer for half a minute or so, and then 
returned to the hot water bath. This process 
may be repeated until the print is fully 
developed. 

The decrease in contrast obtained depends 
on how much development the print received 
before transfer to the hot water. The sooner 
it is transferred, and the warmer the water, 
the softer the result will be. The temper- 
ature of the developer itself should be kept 
below about 60°F. (16°C.), so that the emulsion 
has a chance to become evenly charged with 
developer solution before any appreciable 
development takes place. If the emulsion is not 
uniformly saturated, the image may develop up 
unevenly in the water bath. 

The water bath soon goes cold and becomes 
contaminated with developer, so it should be 
renewed every few minutes. 

This method is not suitable for unhardened 

aper emulsions — e.g., as used for carbro and 

romoil. 

See also: Contrast control; Water bath development. 

HOT WEATHER PROCESSING. Photo- 
graphy in the tropics demands a special 
technique of its own. But normal hot weather 
conditions (as experienced in fairly temperate 
climates) present no great difficulties except 
those concerning processing. 

Normal processing temperatures range from 
about 60 to 75° F. (15-24° C.). If the pro- 
cessing solutions are wanner than 75° F. 


(24° C.) special precautions are then nffessary. 
At these temperatures the gelatin emulsion 
takes up a lot of water and swells considerably. 
It becomes soft, highly sensitive to mechanical 
injury, and it may even melt and run off the 
support. 

So in hot weather it is important to prevent 
the gelatin from swelling unduly, and to 
harden the emulsion layer to reduce the risk of 
damage from careless handling. 

A change of one degree above, say, 75° F. 
has much more effect than a change of the 
same amount below 65° F., so accurate tem- 
perature control is even more important than 
usual — not only to keep the temperature of 
each bath constant, but to see that there is no 
variation between baths. 

Swelling of Emulsion. To prevent the gelatin 
from swelling, the time that the film or plate 
stays in the various solutions — particularly 
before hardening — should be kept as short as 
possible. Low energy developers need very 
long development times and should be avoided, 
and a processing technique should be adopted 
that does not include any form of pre-soaking. 
The fixer solutions should be fresh to reduce 
fixing times, and washing should not exceed 30 
minutes. At temperatures between 75° and 95° F. 
(24-35° C.) the washing process takes much 
less time, anyway. 

Apart from these general precautions certain 
changes must be made in the developer. 

All developers containing a high concentra- 
tion of alkalis, such as sodium carbonate or 
hydroxide, soften the gelatin layer to some 
extent and are unsuitable for hot weather 
development. The most useful type of developer 
follows the metol-hydroquinone-borax formula. 

Further, a neutral salt, such as sodium sul- 
phate, reduces the absorption of water by the 
gelatin. So, although the salt generallv increases 
the development time, it is customary to add 
about 4 ounces (100 grams) of sodium sul- 
phate crystals (Glauber’s salt) to every 40 
ounces (1,000 c.cm.) of working developer. 

With a metol-hydroquinone-borax formula 
the development times are modified in accor- 
dance with the following table: 


HOT WEATHER TIMES 


Temperature of Developer 
°F. °C. 

Time of Development 
compared with time 
without Sulphate 

75 

240 

As for 65° F. (16-5° C.) 

60 

26 5 

At for 70° F. (210° C.) 

85 

29-5 

Half time for 65° F. (10*5° C.) 

90 

32-5 

Half time for 70° F. (21-0° C.) 


Hardening the Emulsion. One — or both — of the 
following expedients will serve to harden the 
gelatin: an acid hardening fixer may be 
followed (after a brief rinse in an acid stop 
bath) by a special hardener. A suitable formula 
fora chrome alum hardener is : 
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Chrome alum I $ ounces 32 crams 

Sodium sulphate, crystals 5 ounces 125 crams 

Water to make 40 ounces 1,000 c.cm. 

This hardener is effective as long as the 
solution looks bluish purple. 

If the weather is very hot, with solution 
temperatures above 95° F. (35° C.) a formalin 
hardener may be used before development. 
This will tan the gelatin and prevent it from 
softening. After a good rinse the material is 
then developed in any normal tropical de- 
veloper. 

Technique. Apart from controlling the nature 
and temperature of the processing solutions, 
hot weather processing calls for some adjust- 
ment of technique. 

It is most important to avoid handling the 
sensitized materials with hot sweaty fingers 
before processing. Unnecessary contact with 
the emulsion contaminates the surface and 
leaves fingermarks behind. Plates and films 
should be handled by the edges only. It is 
often difficult to observe this rule when thread- 
ing a film into a spiral developing spool, and 
anyone who intends to do a lot of hot weather 
processing should buy one of the self-loading 
tanks or one of the daylight loading types. 

Once the emulsion is wet, it is even more 
important to avoid touching it with the fingers. 
The ends of films developed by see-sawing 
should be held with stainless steel clips of the 
type used for hanging up films to dry. If the 
ends are held in the fingers the gelatin will 
melt and run. 

In very hot weather it is as well to carry out 
all processing at the time of day when the 
temperature is lowest — i.e., in the early morn- 
ing. At that time both the air temperature and 
the temperature of the water supply are gener- 
ally low enough to permit processing without 
any special precautions. If the processing is 
being undertaken in a daylight developing film 
tank away from darkroom facilities it is a 
simple matter to load the tank during darkness 
the night before and carry out the processing 
next morning. 

During hot weather there are more flies and 
dust about than usual. This means that the 
negatives must be dried off as quickly as 
possible in a current of filtered air — e.g., in a 
dry cupboard with ample ventilation holes at 
top and bottom, covered with muslin. L.A.M. 

Sec also: Hardening baths; Tropica l photography. 

Ht)BL, ARTHUR BARON VON, 1852-1932. 
Austrian officer. Studied chemistry; became 
director of the Militargeographisches Institut 
(Military Geographical Institute), Vienna. 
Made valuable contributions to photogram- 
metry, especially as applied to map making, 
and to photomechanical processes, colour 
photography and colour printing. Published in 
1882 a reliable process for the preparation of 
platinotype paper (invented by Willis). Worked 
on emulsions and sensitometry, invented 


HUN 

multiple gum printing (1898), and improved the 
ozotype process (1903). 

HUNGARY. Photography has deep roots in 
Hungary; in 1840, a year after Daguerre’s 
invention was made public in Paris, the first 
daguerreotypes were displayed at the Magyar 
Tudominyos Akaddmia (Hungarian Academy 
of Sciences). A year later Jakab Marastoni — 
the Hungarian pioneer of the camera — went 
into business. From then on Hungary con- 
tinued to keep abreast with the advance of 
photographic technique and art. 

In 1880 there were 257 independent photo- 
graphers and 215 journeymen operating in 
Hungary, and Hungarian photographers were 
entering international shows, including the 
first world photographic exhibition held in 
New York. 

Hungarians also contributed to camera 
technique. Josef Petzval, the Hungarian pro- 
fessor, designed the first modem rapid portrait 
photographic lens. He was bom in Szepesbela 
in 1807, became an eminent mathematician, 
and at the age of nineteen taught at the Univer- 
sity of Pest. In 1840 he was invited to the 
University of Vienna, where he took charge of 
the mathematics department. Here he became 
interested in the optics of photography, and 
set out to design a system of lenses which would 
have a much greater speed than Daguerre’s 
/ 14 achromatic objective. He computed a 
successful four-piece asymmetric /3-6 objec- 
tive which was a revolutionary step forward, 
particularly in portrait photography where it 
reduced exposures to the order of a second or 
two instead of minutes. 

Petzval’s objectives were prepared and 
marketed by the Viennese optical firm of 
Voigtlander. His work gave a tremendous 
impetus to the science and art of photography 
by making the designing of lenses a matter for 
exact optical and mathematical computation. 
The Wiener Akademie der Wissenschaften 
(Vienna Academy of Science) and several 
other scientific associations made him an 
honorary member of their organizations and 
when he died in 1891 a street was named after 
him in Vienna. Today his name is known all 
over the world and in Hungary photographers 
revere his memory. 

Ferenc Veress was the first person in 
Hungary to work on the problem of colour 
photography. His colour-sensitive emulsion 
was praised at the World’s Fair in Paris in 
1900 by A. Londe, head of the section on 
photography, and by Professors H. W. Vogel 
in Berlin and J. Eder in Vienna. Ferenc Veress 
tried out more than 500 colour emulsions, 
and colour contact prints made by him, pre- 
served in the Magyar Nemzeti Muzeum (Hun- 
garian National Museum), have retained their 
bright colours to this day. 

Photographic Indastry. In Hungary a con- 
siderable photographic industry has developed 
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since the end of the second World War. A 
factory established in Vac by foreign interests 
in 1923 made only photographic paper. It 
was damaged during the war, but since then it 
has been rebuilt, modernized, and made suit- 
able for producing other photographic 
materials. 

After the war, a photo-chemical factory was 
tooled up for the manufacture of photographic 
materials. This factory now makes photo- 
graphic chemicals, photographic paper, plates 
and films and sensitized materials for indus- 
trial and medical radiography. The production 
of colour materials is planned. The factory ex- 
ports quantities of photographic materials, 
especially to the Eastern countries. 

After 1945, the manufacture of cameras was 
started by a Hungarian optical works, begin- 
ning with the development of a roll film camera. 
In 1954, in addition to simple cameras, the 
mass production of roll film cameras of a more 
advanced type was launched. 

Other Hungarian factories and precision 
engineering shops manufacture enlargers, 
laboratory materials and equipment, mainly 
for home consumption, and a number of 
chemical factories are engaged in turning out 
the basic materials for photographic chemicals. 

The development of the Hungarian photo- 
graphic industry is the result of continuing 
large-scale research work conducted since 1945, 
primarily in the laboratories of the various 
photographic manufacturers as well as in 
independent research laboratories. 
Associations. An organization of scientific 
experts called the Optical and Kinotechnical 
Association has made an immense contribution 
to the development of the Hungarian photo- 
graphic industry. It maintains a large number 
of departments and research committees which 
embrace practically every branch of photo- 
chemical and optical science. 

Hungarian photographic artists have a 
separate organintion within the Magyar 
Kepzfi- is IparmOviszek Szbvetsige (Associa- 
tion of Pine and Commercial Artists). 

Photo-reporters working for the press are 
members of the technical division of the 
Magyar UjsAgirdk Orszigos Szbvetsige (Asso- 
ciation of Hungarian Journalists). There is 
excellent co-operation between the two 
organizations. The most outstanding photo- 
graphic artists and photo-reporters are engaged 
m training the younger generation of photo- 
graphers. These experts hold lectures and 
arrange debates at which they analyse the 
artistic and technical problems of photo- 
graphy and criticize the pictures exhibited. The 
Hungarian daily papers and illustrated periodi- 
cals constantly publish the finest works of 
photographic artists and reporters. 

The amateur movement in Hungarian 
photography is particularly strong. In a country 
of 9 million people the number of amateur 
photographers is almost a quarter of a million 


and still increasing. Most amateur photo- 
graphers today are members of clubs in their 
own place of employment and there is hardly a 
factory or institution without its photographic 
club. Amateur photographers in the provinces 
are usually members of clubs organized in 
the cultural centres which are to be found in 
most villages and small towns, and the pri- 
mary, secondary and vocational schools 
usually have photographic clubs for pupils. 

The oldest amateur organization is the 
Magyar Dolgozdk Orszigos Mfiv6szf6ny- 
kdpezd Egyesiilete (Hungarian Workers’ Asso- 
ciation of Artistic Photographers) with about 
1,000 active members. This organization, 
formed in 1899, consists mostly of people who 
are not members of a factory, trade union or 
similar photo club. 

Within the national organizations of amateur 
photographers, the factory photo clubs and the 
photographic circles of the provincial cultural 
centres, planned, artistic training is carried on. 
Annual national exhibitions of photography 
are held and several times a year local exhibi- 
tions are arranged, and there are lectures by 
experts and artists. Various organizations 
support the development of photographic art 
by sponsoring photographic contests. 

Art Hungarians have contributed substantially 
to photographic art. For the last thirty or forty 
years Hungarian photographers have been 
winning awards at international photographic 
exhibitions. Over a hundred gold medals and 
first prize certificates, won at the big inter- 
national shows, testify to the high standards of 
their art. In 1939, 1,496 pictures were accepted 
from 100 Hungarian photographers, and were 
displayed at 70 international exhibitions. The 
1940 American Annual of Photography carried 
a list of the world's best photographic artists 
and among the first ten were two Hungarian 
photographers. In our day, too, Hungarian 
workers are frequently awarded first prizes 
in international exhibitions. Aladar Szekely, 
Rudolf Balogh and Frigyes Haller were out- 
standing photographic masters of the first 
half of this century. 

Aladar Szekely, who died in Budapest in 
1938, was a pioneer who strove to express the 
personality and character of his models. He 
discarded the artificial poses and the con- 
ventional studio scenery which created a false 
atmosphere and produced realistic portraits 
imbued with profound humanity. 

Rudolf Balogh, a great figure in Hungarian 
artistic photography, established an entirely 
new style. He initiated themes based on the 
life of the Hungarian people, characteristic 
Hungarian landscapes, folk activities and 
ethnographic characteristics. His work won 
many international prizes. He died in 1944 at 
the age of 65. 

Frigyes Haller scored many successes at 
international exhibitions with his bright village 
and peasant genre pictures and lively urban 
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scenes. His greatest merit, however, lay in his 
work as a critic and teacher. He taught an 
entire generation of artistic photographers, and 
his pupils following in his footsteps are winning 
new honours at exhibitions at home and 
abroad. Haller was one of the finest and most 
highly cultured photographic aesthetes of his 
day. He died in 1954 in Budapest attheageof 56. 

In recent years, in addition to black-and- 
white photography, marked progress has been 
made in colour. The advent of colour materials 
of Hungarian manufacture and the introduc- 
tion of special colour exhibitions has brought 
about a great increase in the popular interest 
in this field. 

Present-day photographs by Hungarian 
artists are characterized by a feeling for reality, 
emotional depth, a healthy, optimistic view of 
life and simple technique. Hungarian photo- 
graphic artists and amateurs draw the themes 
of their works from the everyday life of the 
ordinary people. They visit the workers in the 
factories, the peasants on co-operative farms, 
men of science in their laboratories and record 
their lives in the midst of their pursuits or out 
in the open on their days of rest. 

They are interested first of all in the portrayal 
of reality, in the artistic presentation of life 
and not in the little tricks of photo-technique, 
the interplay of lights and shadows for their 
own sake, the tinsel of formal elements and 
artificial themes. To them, the main themes 
of photographic art are man and human 
creation. E.V. 

HUNT, ROBERT, 1 807-87. English mineralo- 
gist. Outstanding research worker in the early 
days of photographic science. Writer of some 
of the earliest and best known treatises on 
photography. One of the founders of the Royal 
Photographic Society. Discovered (1844) that 
ferrous sulphate is a useful developing agent. 
Investigated the influence of the spectrum on 
light-sensitive substances (1843). Proposed 
several non-silver printing processes. Devised 
one of the earliest actinometers (1845). 

HURTER, FERDINAND, 1844-98. Swiss 
chemist. Worked (from 1867) in an English 
chemical factory and was a colleague of V. C. 
Driffield. These two scientists and amateur 
photographers, not satisfied with empirical 
methods for measuring the speed of plates, 
established the first reliable approach to accur- 
ate sensitometry. His first work was to devise 
actinometers that would measure light 
intensity. Thereafter, in collaboration with 
Vero C. Driffield, worked out the method of 
measuring the sensitivity of photographic 
plates, involving , the measurement of light 
intensities and the resultant densities. They 
also worked on the theory of the latent image, 
its development and the control of the develop- 
ment factor (gamma). Published a full descrip- 
tion of the apparatus and methods in 1890. 


The Royal Photographic Society granted 
Hurter and Driffield the Progress Medal in 
1898 and instituted in 1918 the H. and D. 
Memorial Lectures. Collected works : H. and 
D. Memorial Volume, edited by W. B. Ferguson 
(London, 1920). 

HYDRATE. Term applied at one time only to 
a salt formed by replacing one of the atoms in 
water by a metal. Such a salt is nowadays called 
an hydroxide and the term hydrate is reserved 
for compounds containing water — e.g., water 
of crystallization. 

See alio: Chemicals: Crystal. 

HYDROCHLORIC ACID. Muriatic acid; 
spirits of salt; hydrogen chloride solution. 
Used in various bleaching baths. 

Formula and molecular weight: HC1 ; 36-5. 
Characteristics: Concentrated hydrochloric 
acid is a solution of about 32 per cent (by 
weight) hydrogen chloride gas in water. It is a 
colourless liquid with a strong pungent smell. 

HYDROFLUORIC ACID. Hydrogen fluoride 
solution. Used in stripping solutions to remove 
gelatin emulsion layers from glass plates. 
Formula and molecular weight: HF; 20. 
Characteristics: Commercial hydrofluoric 
acid is a 50 per cent solution of hydrogen 
fluoride in water. It is a colourless fuming 
liquid, and attacks glass. It is therefore kept in 
guttapercha, paraffin wax or polythene bottles. 
The solution is also very corrosive to the skin. 
The fumes must not be inhaled. 

HYDROGEN PEROXIDE. Used in hypo 
eliminators. 

Formula and molecular weight: H,O t ; 34. 
Characteristics: The commercial hydrogen 
peroxide is a solution in water, labelled in terms 
of volumes indicating how much oxygen gas it 
can give off. A 10-volume solution contains 
about 3 per cent pure Hydrogen peroxide, a 
20-volume solution about 6 per cent. 

HYDROQUINONE. Hydrochinon; hydro- 
chinone; quinol; 1 : 4-dihydroxybenzene. Used 
as a developing agent. 

Formula and molecular weight: C,H,(OH),; 

110 . 

Characteristics: White or pale buff coloured 
needle crystals. 

Solubility: Slightly soluble in water at room 
temperature. Freely soluble in hot water. 

HYDROXIDE. Chemical compound which 
contains one or more of the hydroxyl radicals; 
chemical formula, OH — e.g., sodium hydroxide 
(NaOH). 

HYGROSCOPIC. Term indicating that a 
substance absorbs moisture from the atmos- 
phere — e.g., common salt which becomes damp 
when exposed to the air. 
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HYPERFOCAL DISTANCE. When a lens 
is focused on infinity, the depth of field extends 
from infinity to a point nearer the camera. The 
distance from the camera to this near limit of 
the sharp field is called the hyperfocal distance. 

If the lens is focused on the hyperfocal 
distance, the depth of field extends from half 
the hyperfocal distance to infinity. 

HYPERSENSITIZING. Term applied to any 
method of increasing the effective speed of an 
emulsion after manufacture and before expo- 
sure in the camera. 

There are three ways of doing this: the film 
or plate may be immersed in a hypersensi- 
tizing solution; it may be exposed to the 
hypersensitizing action of certain vapours; 
or it may be hypersensitized by exposure to 
light. Some of these methods can also be used 
after exposure in the camera. 

The Hypersensitizing Bath. Normally a silver 
bromide emulsion contains a certain amount of 
free potassium bromide. This reduces the 
sensitivity, but it is included to make the 
emulsion keep in store. A bath in distilled water 
removes most of the free bromide, and thus 
increases the effective emulsion speed, but of 
course films or plates treated in this way must 
be used as soon as possible after the treatment. 
This, however, applies to all forms of hyper- 
sensitization. 

Bathing in an alkaline solution such as 
diluted ammonia (e.g., 1 part 0'880 ammonia, 
8 parts pure alcohol, 24 parts water) is still 
better, and a 1 per cent solution of triethano- 
lamine is equally effective. 

There is an even greater increase in speed if 
the bath contains ammoniacal silver nitrate, say 
1 per cent silver nitrate in distilled water with 
ammonia solution added until the precipitate 
formed at first is just redissolved. As this 
method increases the emulsion fog, the 
developer must contain a developer improver 
or anti-fogging agent. 

In every case the film or plate is immersed (in 
total darkness) in the solution, drained, and 
quickly dried in the dark. The speed increase is 
about 50 per cent (with plain water) to 200 per 
cent (with silver nitrate). 

Exposure to Vapours. When the film or plate is 
hypersensitized by vapour, it is placed in a 
closed container with a little mercury or 
sulphurous acid solution. There is no need to 
unwrap the material, as long as the packing 
does not contain any metal. A closed box of 
lates or spool of paper-backed film can be 
ypersensitized in a sealed jar containing a few 
drops of mercury or potassium metabisulphite 
solution in a small dish. The mercury or sulphur 
dioxide vapour soon fills the jar, and penetrates 
the wrapping. 

This treatment takes about 24 hours and 
although the vapour pressure (particularly of 
mercury) is very low at ordinary temperature, 
it is quite effective. 


The results of vapour treatment are not very 
consistent; different materials require different 
periods of exposure to the vapour for the best 
effect. Some makes and types respond more 
readily than others. The speed increase varies 
from one make of sensitive material to another, 
and even from time to time with the same 
make. 

Pre-exposure. Exposing the sensitized material 
very briefly to white light before exposure in the 
camera — i.e., flashing — increases the effective 
speed by giving the emulsion a threshold 
exposure, i.e., overcoming the inertia. Usually 
the fog is also increased. 

The easiest way is to give the film a short 
initial exposure in the camera with the lens 
pointed at an evenly illuminated out-of-focus 
surface. The strength of the light and the 
aperture should be adjusted so that when the 
shutter is set to its fastest speed the exposure is 
about 1/200 to 1/100 that needed just to 
produce an image. 

The extent of the increase in speed depends 
on the negative material used, and the most 
suitable level of illumination must be found by 
experiment. L.A.M. 

See &I90: Intensification. 

HYPERSTEREOSCOPY. Stereoscopic photo- 
graphy carried out with abnormal separation 
of the two viewpoints — i.e., from points more 
than the normal interpupillary distance (2J ins.) 
apart. 

If the viewpoints are separated by twice the 
interpupillary distance, the impression created 
by viewing the finished stereoscopic pair in a 
suitable viewer will be equivalent to looking at 
a half size scale model of the subject at half 
the actual distance from the camera to the 
original subject. 

In other words, the subject will appear to 
be the same size as if it had been taken on a 
normal stereoscopic pair, but the stereoscopic 
effect will be doubled. 

Terrestrial. Beyond a certain distance — about 
200 feet — objects no longer produce a stereo- 
scopic impression because the angle subtended 
by the observer’s eyes is so small that both eyes 
see substantially the same picture. But if two 
photographs of the scene are taken from view- 
points sufficiently far apart (determined by the 
viewpoint distance), the resulting pictures will 
look stereoscopic. 

In this way, distant mountain ranges can be 
made to stand out in relief by taking hyper- 
stereoscopic photographs from two widely 
spaced camera positions. 

Aerial. Consecutive photographs from an 
aerial survey series form hyperstereoscopic 
pairs because the respective viewpoints may be 
separated by a mile or more along the track of 
the aircraft. When such photographs are 
looked at in a stereoscopic viewer, the observer 
sees in effect a perfect scale model from a 
distance of a few feet. 
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This technique is employed in interpreting 
aerial reconnaissance photographs in wartime 
when it often shows up otherwise perfectly 
camouflaged buildings. 

Astronomical. The same principle applies to 
astronomical photographs taken at consecutive 
instants of time. Because the earth is moving 
through space, the photographs are taken from 
viewpoints separated by a distance proportional 
to the time between one exposure and the next. 
Here again, seen in the viewer, the effect is that 
of a three-dimensional scale model. F.P 

HYPO. Every-day name for the Axing agent, 
sodium thiosulphate. Derived from the old and 
incorrect name, hyposulphite of soda. Nearly 
always used with an acid. 

HYPO ELIMINATOR. Solution which re- 
moves small traces of hypo (sodium thio- 
sulphate) from negatives and, more often, 
prints. By using a hypo eliminator, the washing 
time can be greatly curtailed — an advantage in 
high speed processing. A satisfactory formula 
is as follows: 

Hydrogen peroxide (10 volumes) S ounces 125 c.cm. 
Ammonia solution (0880) 190 minims 10 c.cm. 

Water to make -40 ounces 1.000 c.cm. 


This formula converts any remaining traces 
of sodium thiosulphate into sodium sulphate, 
after which the hydrogen peroxide decomposes 
into water and the ammonia evaporates. There 
are no other solid compounds left in the paper 
as there are when potassium permanganate is 
used as a hypo eliminator. 

The above solution is used after the prints 
have been washed for at least thirty minutes. 
The prints are immersed one by one, until the 
whole batch is in the solution. They must not be 
allowed to stick together, and should be turned 
over all the time. After ten minutes the prints 
are returned to the washing water for a further 
ten minutes, and then dried. 

If the prints are left in the hypo eliminator 
for more than ten minutes, it may slightly 
reduce the density of the lightest highlights. 

1,000 c.cm. or 40 ounces of hypo eliminator 
are enough for about 120-150 6 x 9 cm. 
(2J x 3i ins.) prints or the equivalent in other 
sizes. The mixed solution does not keep, and is 
discarded after use. L.A.M. 


HYPOSULPHITE OF SODA (HYPO). In- 
correct but widely used name for sodium 
thiosulphate, the most common Axing agent 
for photographic sensitized materials. 
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ICE RINK. Many colourful and spectacular 
ice rink productions are presented each year by 
British and American companies in addition to 
regular ice hockey matches, races, and normal 
skating events at the many ice rinks throughout 
the country. There are also touring ice shows 
that visit the theatres with suitable stage 
accommodation and facilities. All these spec- 
tacles are well worth photographing. Permis- 
sion should, however, always be obtained 
before taking photographs. 

Ice rink photography is considered the most 
difficult of all artificially lit stage subjects 
because of the size of the rinks and the area 
which can be covered by the skaters. The speed 
of the performers and the quick changes in the 
colour and power of the lighting all add to the 
difficulties of the photographer. Solo skaters 
move at high speed and rarely do their stunts 
in the same place twice, so it is almost im- 
possible to keep them in focus. 

A miniature camera is undoubtedly the most 
suitable for ice rink photography, especially 
because of the faster lenses available and the 
greater depth of field obtainable. Working at 
full aperture with fast film, sufficiently high 
shutter speeds can usually be chosen to freeze 
the movement of skaters who are not very 
close to the camera. 

Electronic flash is widely used for publicity 
photographs at skating rinks. Such work is 
mostly done by official photographers and no 
attempt at using flash should be made without 
first obtaining permission. Most normal flash 
equipment is only powerful enough for closer 
shots of individual skaters, and for general 
views it is still necessary to resort to available 
light techniques. For stopping really fast 
action, however, electronic flash is essential. 

The popular method of getting sharp pic- 
tures is to set the lens to cover a favourable 
zone, and concentrate on capturing interesting 
shots in that area. A preliminary visit helps in 
giving the photographer a chance to note where 
the pictures occur. He can then select a seat 


which will command a view of the important 
areas. The lighting is contrasty and negatives 
should be processed accordingly. A soft two- 
bath metol developer can be recommended 
for this and similar subjects. L.V. 

Sec also : Circus, Dancing, Theatre. 

LC.I. STANDARDS. Alternative name for the 
C.I.E. standards of colour description. A 
system of reference for colours. 

See also: Colour impact. 

IDENTITY PHOTOGRAPHS. Photographic 
portraits are used for official records of identity 
on such documents as military identity cards, 
passes, and passports. Standard conditions are 
set out in detail in the British Standard Speci- 
fication (B.S. 967 : 54) of which the main re- 
quirements are as follows : 

All photographs must be taken full face 
with the head uncovered and with the camera 
not less than 4 feet from the subject. The head 
must occupy no less than half the print height. 

Prints must be made on single weight paper 
with a surface that will take writing in ink. 
Prints for passports must in addition be on 
ordinary (non-waterproof) printing paper that 
can be mounted in the passport with adhesive. 

Passport photographs must have a trimmed 
size of between 1 J x 2 ins. and 2x2} ins. 
and two copies are required. 

For all other identity photographs the per- 
missible trimmed sizes are 24 x 36 mm. and 
38 x 38 mm. with a tolerance of plus or minus 
one millimetre on each dimension. 

In the U.S.A. passport photographs have to 
be 2} ins. square, glossy, and two copies are 
required. Other identification pictures for 
licences issued by police departments (chauf- 
feur’s licence, etc.) are to be round, 1 i ins. in 
diameter, two prints being required. Photo- 
graphs for the armed services must be taken by 
the service issuing the identification card, and 
are 1} x 1} ins. in size. 


B. — T 
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ILLUMINATION. In photography, illumina- 
tion is the distribution of light from one or 
more sources over the subject being photo- 
graphed and over the surface of the sensitive 
material. The illumination of the subject de- 
pends upon the type, power, position, colour, 
of the photographic lighting, and the illumin- 
ation of the negative material depends upon 
all these as they are modified by the size of the 
lens aperture and the scale of reproduction. 
But in each case the illumination obeys the 
same laws and is measured in the same units. 
Intensity and Brightness. The intensity of a 
light can be measured in two ways — by 
measuring the actual energy present, or by 
comparing its brilliance with that of a standard 
light source. 

To measure the energy of a light source it is 
made to shine on the blackened surface of a 
thermopile — a device which converts heat into 
electricity. The light is absorbed by the black 
surface and transformed into heat. The thermo- 
pile then transforms the heat into electricity 
and the electricity is measured with a suitable 
meter. This method is used for determining the 
efficiency of light sources — i.e., how much of 
the fuel consumed by the source goes into 
useless heat and how much into light. 

The original standard of light was the flame 
of a specified type of candle burning at a 
specified rate and the illumination it produced 
at a distance of a foot is still known as a foot- 
candle of illumination. 

The old standard candle gave a surprisingly 
uniform light, but in the course of time science 
has continued to change it for more accurate 
references. No matter what new reference is 
adopted, however, it is always quoted in terms 
of the brightness of the original candle. 

The present standard source of light is taken 
as that given out by platinum at its temperature 
of solidification; and in order to preserve 
continuity with former standard candles it has 
been agreed that it should be regarded as 
having a surface brightness of so many “old” 
candles per unit area. 

Luminous Flux. The light intensity is often 
also stated in terms of the luminous flux. The 



INVERSE SQUARE LAW. At 2 feet from the source a unit area 
receives only one-quarter the light it gets at I foot, as the same 
amount of light spreads over A times the area. 


unit is the lumen, and is comparatively familiar 
to photographers who concern themselves with 
the efficiency of lamps. The lumen is the flux 
on a unit surface at a unit distance from a 
light source of one candle-power. If we imagine 
a sphere of unit radius surrounding the source, 
all the light flux falls uniformly on it, and each 
unit of area receives 1 lumen. As the surface 
area of the sphere is 4 it units, a source of 1 
candle power emits 4rr, or about 12-6 lumens. 
The Inverse Square Law. The inverse square 
law states that the illumination given by a light 
source varies inversely as the square of the 
distance from the source — i.e., the intensity 
depends on the area of the surface over which 
the flux is spread. This can be understood by 
seeing what happens when a cone of light falls 
on the same surface at different distances from 
the source. The total amount of light in the 
cone is always the same, no matter what the 
distance, but the cross sectional area of the 
cone at any point, and hence the area over 
which the light is spread, increases with the 
square of the distance from the source. 

So the illumination in foot-candles at a 
distance D from a source of candle power C is 
equal to C/(D x D), i.e., C/D 2 . If the light does 
not fall perpendicularly on the receiving plane 
then the intensity is reduced by a factor equal 
to the cosine of the angle between the incident 
beam and the normal or perpendicular to the 
plane. 

The law is of fundamental importance in 
photography because it governs the change in 
exposure required when a light source is moved 
towards or away from the subject (or when the 
enlarger lamphouse is raised or lowered). 

The law applies only to illumination by 
uniformly diverging rays from a point source — 
it does not apply to parallel rays which theo- 
retically give the same illumination at any 
distance. 

Brightness of a Light Source. Foot-candles are 
units of intensity of illumination and not of the 
brightness of a surface. The illumination of a 
surface is the luminous flux reaching it per 
unit area: the lumen per square foot was 
termed the foot-candle. The brightness or 
luminance of a surface depends on the amount 
of light falling on it and the proportion of 
this reflected, and is expressed by its luminous 
intensity per unit area (candles per square foot). 
The brightness has also been given by multi- 
plying the illumination by the reflector factor, 
and expressing it in lumens per square foot 
(foot-lamberts). 

Illumination of Image Plane. The aim of every 
means of illumination used in photography is 
to produce an image on the sensitive material in 
the camera. The degree of illumination of the 
image is governed by the brightness of the light 
falling on the object being photographed, the 
reflectivity of the object, and the relative 
aperture of the lens. If the brightness, B, of the 
object is measured in candles per square foot. 


574 



IND 


then the illumination in the image plane, I, 
is given by the formula : 


where f is the relative aperture of the lens. 

If the emulsion had not been put in the 
camera but it had been put in contact with the 
object plane, the intensity of the illumination 
would be 7t B and then the ratio of the two 
intensities is 1 : 4f s . This ratio is of importance 
for finding the relation between the exposure 
necessary for printing by contact, and optical 
projection (enlargement). R.B.M, 

See also: Colour temperature; Lighting the subject; 
Light sources; Light units; Reflectors. ^ 

Book: Photographic Illumination , by R. H. Cricks 
(London). 

IMAGE. Rays of light reflected from an object 
and focused on a flat surface by a lens or mirror 
form patches of light on the surface correspond- 
ing to the bright parts of the subject. These 
patches of light together form a visible two- 
dimensional representation of the object. This 
recognizable picture of the object is called a 
real image. 

The image may be formed on a plane in 
space, and not on a surface (e.g., in the plane 
of a clear screen in clear spot focu. ,ng). .t is 
then called an aerial image. 

When the eye looks at an object through a 
telescope, an optical viewfinder, or in a mirror, 
it sees an image of the object. This image 
cannot be focused and viewed on a screen, 
like a real image. This type of image is known 
as a virtual image. 

In photography there is a third type of 
image — the invisible change in the emulsion 
produced when a real image is focused on it 
for the duration of the exposure. This image 
must be developed before it can be seen. It is 
called a latent image. 

IMBIBITION PROCESS. Any process for 
making prints by the selective absorption of 
dyes on a gelatin or similar surface. 

See also: Colour print processes; Dye transfer colour 
prints. 

INCANDESCENT LAMPS. Term generally 
applied to light sources in which the light is 
emitted by a glowing metal filament heated to 
incandescence by an electric current, in 
particular, tungsten filament lamps. Also some- 
times applied to arc lamps and flash bulbs. 

Sec also : Light sources. 

INCH (IN.). Lineal measure equal to 1/12 of 
a foot or 1/36 of a yard. In 1305 Edward I 
standardized the inch as equal to “three grains 
of barley, dry and round”. Nowadays it is 
taken as the 36th part of the standard yard 
measure maintained at the Exchequer offices 
in London. 


INCIDENT LIGHT METER. Exposure meter 
which measures the intensity of the light falling 
on the subject (not that reflected from it). 

See also: Photo-electric meters. 

INDICATOR CHEMICALS. Substances which 
by a change of colour show variations in 
the acidity or alkalinity of solutions, or detect 
the presence of silver or other compounds. 

Three main types of chemical indicators are 
used in photography: 

(1) pH (acidity) indicators, 

(2) silver indicators, and 

(3) hypo indicators. 

Hypo indicators are generally used only in 
solution, pH indicators may be used in solu- 
tion or in the form of test papers impregnated 
with the indicator, while silver indicators are 
generally used as test papers. 
pH Indicators. These are organic dyes, usually 
weak acids or alkalis, which change colour at 
different degrees of acidity (i.e., at different pH 
values) of a solution. 

The best-known pH indicator is litmus which 
is red in acid solutions of a pH below 5 and 
blue in alkaline solutions of a pH greater than 
8. The point of change is therefore near the 
point of neutrality (pH 7). 

Litmus is generally used in the form of litmus 
test papers for testing the acidity of stop baths 
and acid fixing baths. If the paper turns blue 
or even just mauve on insertion in the bath, 
the acidity is spent and the acid stop bath needs 
renewal. In the case of the fixing bath more 


INDICATOR DYES 


Indicator 

Acid State 
Colour 

pH 

Alkaline State 
Colour pH 

Malachite 

Yellow 

0 

Blue-green 

2 

green 

Blue 

1 1 

Colourless 

13 

Crystal violet 

Green 

0 

Violet 

2 

Thymol blue 

Red 

1-2 

Yellow 

2 8 

Yellow 

0 

Blue 

9 6 

Bromphenol 

Yellow 

3 

Blue 

4-6 

blue 

Methyl orange 

Red 

31 

Yellow 

4-4 

Bromcresoi 

Yellow 

3*0 

Blue 

5-5 

green 

Methyl red 

Red 

4-2 

Yellow 

6-3 

Para-nitro- 

Colourless 

5 

Yellow 

7 

phenol 

Litmus 

Red 

5 

Blue 

0 

Bromcresoi 

Yellow 

5-2 

Purple 

6-0 

purple 

Bromthymol 

Yellow 

6 

Blue 

7-6 

blue 

Phenol red 

Yellow 

6-5 

Red 

9 

Cresol red 

Yellow 

7-2 

Red 

88 

Naphthol- 

Red 

7-3 

Blue 

8-7 

phthalein 

Thymol blue 

Yellow 

6 

Blue 

9-6 

Phenol- 

Colourless 

8 3 

Red 

10-5 

phthalein 

Thymol- 

Colourless 

93 

Blue 

10-5 


phthalein 


See also: Weightsandmeasures. 
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acid has to be added, provided the fixing 
capacity is not exhausted as well. 

Some indicators may be added in solution to 
provide a continuous check on the state of the 
bath. An example is bromcresol purple which 
is yellow below a pH of 5, and turns purple at 
a pH above 7. The change is slightly on the 
acid side which is an advantage since it pro- 
vides a safety margin. Furthermore, the change 
in colour of a stop bath containing this 
indicator is easy to see by the yellow or orange 
light of a darkroom lamp. Some commercially 
available stop baths do in fact contain such an 
indicator. Some indicators which change at 
the right pH are not visible by a darkroom 
safelight (e.g., yellow to red) and therefore 
not of practical use with stop baths. 

Bromthymol blue, changing colour from 
yellow to blue between pH 6 and 8 is also 
suitable for this purpose. Most other indicator 
dyes change colour at a much lower or higher 
pH and are thus not much use with stop baths. 
They may, however, still be useful for checking 
the state of special processing solutions. 

In practice most indicators are used in a 
0 01 to 0-05 per cent solution in water or 
aqueous alcohol, and added to the solution to 
be tested at the rate of about ten drops per 
ounce. 

Silver Indicators. These show the silver content 
of fixing baths, thus giving an idea of the state 
of exhaustion. Silver indicators are available 
in the form of indicator papers which are im- 
pregnated with a substance that precipitates 
the silver as a brown stain. The silver content 


of the bath is assessed by the time the test 
paper takes to discolour. Fixing baths con- 
taining more than 4 grams of silver per litre 
(35 grains per pint) for use with negatives or 
1 5 grams per litre (14 grains per pint) for prints 
are no longer able to dissolve the unused silver 
compounds in the emulsion completely and 
must be discarded. 

Hypo Indicators. These show whether washing 
is complete, or whether any hypo is left in the 
emulsion of the negative or print. The most 
common indicator for this purpose is a 0-1 per 
cent solution of potassium permanganate 
containing 0T per cent sodium carbonate. To 
test for hypo, drain the negatives or prints, and 
collect about i ounce (10-20 c.cm.) of the 
drainings in a test tube or glass measure. Add 
one drop of the permanganate solution; if the 
colour persists, the water is free from hypo. 
If the colour is discharged, make a blank test 
with washing water direct from the tap. Hypo 
is present if the colour is discharged more 
rapidly in the drainings than in the control 
water (more than one drop may have to be 
added). The blank test or control is necessary 
because the washing water may contain sub- 
stances other than hypo which also decolour- 
ize potassium permanganate solution. L.A.M. 

INDUCTION PERIOD. Interval elapsing 
between the immersion of a negative in the 
developer and the appearance of the first sign 
of an image. It is important in factorial develop- 
ment. 

See also: Developing negatives. 


INDUSTRIAL PHOTOGRAPHY 


Industrial photography can either set down 
the plain facts about machines and products or 
build up a picture story around manufacturing 
processes and busy workers. 

There are two main reasons for making such 
pictures: to serve the manufacturer as a con- 
venient record of his products and plants; 
to produce illustrations for advertisements 
and for sales, instruction, and public relations 
literature. 

Special photographic techniques are also 
widely used in industry. These are mainly 
employed to record things not normally or 
easily visible to the eye — e.g., stresses in 
materials or motion wluch is too fast or 
complex for the eye to assimilate — or to speed 
up manufacturing processes— e.g., the photo- 
graphic printing of radio circuits. Such appli- 
cations of photography are separate techniques 
in their own right, and as such are not con- 
sidered here collectively with normal indus- 
trial photography. Other special techniques in 
photography, not specifically industrial, also 
find their uses — for instance, infra-red photo- 
graphy and document photography. 
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Normal Requirements. The job of the record 
photographer is a varied one. He is often called 
upon to photograph a whole machine while 
emphasizing particular features. Or he may be 
expected to apply imaginative treatment to 
convey not only technical detail, but the 
atmosphere of a particular industrial process. 

If the photographer has merely to make a 
straightforward record of a single machine or of 
a product, there should be no special problems 
which a well-trained technician cannot handle. 

Where there are facilities for lighting the 
subject from any angle, and there is space to 
mancEuvre the camera, the problem is a simple 
one. It calls for no more than the ability to 
apply sound, straightforward photographic 
technique. 

Generally the maximum detail must be 
recorded. This means avoiding heavy shadows 
with loss of detail in the dark spots, and 
reflections from bright parts of the machine. 
Where the use of front light (with the lights, 
or daylight behind the camera) can be em- 
ployed, a very little side light may be sufficient 
to give a feeling of roundness, or modelling. 
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Id practice, few machines lend themselves 
to such lighting treatment without spots of 
high reflection. 

In many general subjects a slight camera shift 
will overcome the difficulty, but in this case the 
camera position is fixed by the mechanical 
requirements and the adjustment must be 
carried out by re-arrangement of the lighting 
or, in daylight, by the judicious use of reflectors 
and screens. 

Nowadays, when the photographer can bring 
as many lamps as he likes, including flash bulbs 
and electronic flash, lighting ought not to 
present any insuperable problems. And the 
same applies to camera technique; the well- 
developed range of lenses in varying focal 
length enables him to work under almost all 
conditions, however cramped. 

A Practical Example. A typical example will 
illustrate some of the special problems of the 
industrial photographer. Say he has been asked 
to make a photograph of a line of machines 
arranged in the usual staggered row down one 
side of a factory bay. The great depth of field is 
his first problem. 

To get all the machines equally sharp he can : 

(1) Stop down the lens until its natural depth 
of field extends from the first to the last 
machine. But this will mean giving a long 
exposure. 

(2) Use a miniature camera which will give 
him the same depth of field at a bigger lens 
aperture. This will cut down the exposure. But 
the negative will have to be enlarged and the 
definition of the final print may not be good 
enough. 

(3) Swing the back of the camera to bring the 
first and last machines into the same focal 
plane. But this will produce graphic distortion. 

Then he must consider the perspective of the 
picture, remembering that: 

(1) A wide angle lens will let him work closer 
to the subject, but it will exaggerate per- 
spective. 

(2) A long-focus lens will give better per- 
spective, but he will have to work at a greater — 
and often impracticable — distance. 

Then he must decide how big to have the 
negative image. For the same lens in each case: 

(1) A negative image that fills all the space 
will need less enlargement, but it may give an 
ugly perspective. 

(2) A small negative image will have more 
natural perspective, but it will need and suffer 
from extra enlargement. And it calls for a more 
distant viewpoint. 

Lighting, too, must be given special attention. 
To light the first few machines and leave the 
others to fade into blackness is a very notice- 
able fault; whilst shadows cast by one machine 
will ofteD fall on the next. 

Progres Photography. This term implies a 
series of record pictures showing the various 
stages in the erection of a building, the day-to- 
day advance of a works’ contract and so on. 


Good continuity, both in subject matter and 
lighting conditions, is essential; the pictures 
should match in tone, scale, and treatment; 
variations in approach and technique are 
distracting. Many of these progress pictures are 
taken out-of-doors where the photographer is 
at the mercy of the weather conditions, but he 
must make every effort to standardize the 
appearance of his pictures so that when seen 
collectively, they appear as a closely-related 
family. 

Creative Photography. Nowadays a more 
dramatic approach to industrial photography is 
coming into favour for advertising, publicity 
and exhibition work. It is in effect a form of 
documentary photography calling for consider- 
able artistic feeling. Whilst straightforward 
catalogue illustrations are purely technical 
reproductions, the modem approach is con- 
cerned with the imaginative interpretation of 
the industrial story. A flawless technique and a 
full understanding of the industrialist’s 
technical problems is still of overriding 
importance, but the photographer needs vision 
and imagination too. 

This method of approach creates many new 
photographic problems. Machines have to be 
photographed in operation, men must be shown 
at work and atmosphere has to be conveyed. 
But the manufacturer is usually willing to 
co-operate and give all the help he can and it 
is nearly always possible to have machines 



MACHINERY. When photographing inside a factory there are a 
number of points to watch, outside the picture area as well as 
In it. These include lamps that may cause flare, windows in the 
background (usually need covering up), vibration due to other 
machines (stop them if necessary), reflections from bright 
steel parts, and polished surf aces just outside the picture area. 
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stopped and things generally arranged as the 
photographer wants them. 

Lighting. There are three broadly different 
types of lighting: factory lighting either by 
daylight or existing lighting installations; 
controlled photographic lighting — i.e., spot 
and floodlighting; and flash lighting, bulb 
or electronic. 

In the past, the industrial photographer 
worked to the convenient maxim that it was 
always wiser to dispense with artificial lighting 
so long as there was reasonably even daylight 
available. To-day it is appreciated that imagin- 
ative lighting, in conjunction with carefully 
chosen camera angles, helps the photographer 
to render detail better, and to put atmosphere 
into his pictures. This does not necessarily 
call for complicated artificial lighting methods 

If, for instance, the job is simply to photo- 
graph a long shot of a machine hall or plant, the 
existing lighting may be all that is wanted. But 
generally — and especially when people are 
included in the scene — some artificial lighting 
is necessary to emphasize the important items 
and suppress the irrelevant material. Artificial 
lighting enables the photographer to separate 
foreground and background elements more 
decisively and to control the over-all balance of 
tones. There is little doubt that on most 
occasions controlled lighting gives wider scope, 
more reliability and greater flexibility in 
approach. 

Flash lighting is of great assistance when 
movement cannot be arrested by any other 
means, and electronic flash lighting comes 
particularly into its own for certain special 
applications — e.g., when photography is used 
for time-study. 

Equipment for controlled lighting should 
consist of spotlights and floodlights. The spot- 
lights should be of the Fresnel lens type of 
variable focus. One 2 kW. and two 500 watt 
spotlights provide adequate spotlighting for 
quite extensive work, although some subjects 
may require more. For more normal jobs one 
500 watt spot is quite sufficient, and more 
portable. The lamps should be on double- 
draw telescopic stands as a high elevation of the 
lamp is nearly always essential in industrial 
photography. 

Floodlighting equipment should consist of at 
least two to three flood reflectors which can be 
either held in the hand or mounted on light 
telescopic tripods. One of these lamps should 
also be adaptable as a boom light. 

Flashlight equipment must be perfectly 
synchronized with the photographer’s hand 
cameras. 

Useful lighting accessories are “aprons” for 
the flood reflectors and “bam doors” for the 
spotlights. These devices serve to avoid light 
spill and confine the light to the desired areas. 
Exposure. Decisions about exposure in 
industrial photography are usually complicated 
by extreme lighting contrast since the subject 


may contain both brightly-lighted white or 
polished surfaces and black unpainted areas of 
metal in shadow. The only safe method is to 
measure the light values of typical highlight 
and shadow areas with a photo-electric meter 
held close to the subject. If the area is in- 
accessible, its brilliance can be measured from 
a distance with a remote-reading photometer. 

The two readings will give the lighting 
contrast ratio. If the ratio is too great for the 
sensitive material (generally about 100 : 1), 
extra light must be directed into the shadows, 
or the highlights must be subdued. 

No matter how carefully the lighting has been 
measured and adjusted, it is generally wise to 
take several shots, shorter and longer than the 
calculated time. 

Sensitized Materials. Although orthochromatic 
materials are still used for certain special 
branches of industrial photography, the 
industrial photographer uses panchromatic 
plates or films for nearly all his work. Medium- 
speed panchromatic film or plate materials 
serve well for most subjects. In documentary 
photography, where shorter exposure times are 
usually called for, fast panchromatic films can 
nowadays be used with confidence. Modem 
development techniques have done away with 
excessive grain — provided the negative was not 
over-exposed. All sensitive materials used for 
industrial photography must be anti-halo 
backed. 

The Camera. In industrial photography there 
is no ideal camera; different jobs call for 
different cameras. For record photography, 
whether of machines, buildings or progress 
work, a stand camera with all the regular 
camera movements, is absolutely essential. 
This camera should be equipped with a normal, 
a long-focus and a wide-angle lens. 

For documentary industrial photography, 
where liberty to move about and experiment 
with camera angles plays a leading part, the 
orthodox stand cameras may, however, be 
found to be unsuitable. Whether a 4 x 5 hand 
camera or a miniature camera should be used 
instead, is a matter of personal opinion. It is, 
however, well to remember that a focusing 
screen is an important help in making good 
pictures. Also there is little doubt that reliability 
and high quality are not the strongest features 
of very small negatives. Thirty-five mm. 
equipment should be considered only for 
particular and well-defined purposes — e.g., for 
fast, instantaneous exposures from eye level, 
and all work requiring great depth of field. 

A good sturdy tripod with a pan-head should 
be usrxl whenever possible. 

Presentation. As it is the final print that counts, 
the skill of the camera operator must be 
matched by that of his darkroom staff. Indus- 
trial subjects can only be expressed fittingly 
in terms of immaculate printing technique. The 
photographer must also have a knowledge of 
the problems of printing by half-tone or photo- 
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gravure and he must be able to supply prints 
which enable the user to get the best out of the 
pictures under the specified printing conditions. 

The first presentation copies to the client are 
usually required to be glazed black-and-white 
prints at least 8 x 10 ins. Each print should 


carry the negative reference number, so as to 
enable the client to re-order prints easily. B. A. 

See also: Commercial photography; Exploded views ; 
Industrial radiography ; Motion study ; Photo-elasticity; 
Schlieren photography; Templates . 

Books : Photographing Machinery , by B. Alfleri (London); 
Applied X-rays , by G. L. Clark (New York). 


INDUSTRIAL RADIOGRAPHY. Rontgen 
discovered X-rays in 1895, and in the same 
year he used his discovery to make an X-ray 
picture of the scale weights in a wooden box. 
This was the first industrial radiograph. Since 
that date X-rays have become an indispensable 
tool in a great many branches of industry — 
quite apart from their important uses in medi- 
cine and scientific research. 



INDUSTRIAL RADIOGRAPHIC METHODS. Top: X-ray tube as 
the source. Bottom: Radioactive substance used as source of 
gamma rays. In both cases the film records a shadow of the 
flaw ( air holes, cracks ) in castings, welds, etc. R, source. 
O, flaw. S, shadow of flaw. F, X-ray film in contact with casting 
being radiographed for examination. 

Non-destructive Testing. The principal use of 
radiography in industry is for non-destructive 
testing — i.e., examining castings, welds, and 
finished components for internal flaws without 
breaking them open or destroying them. 

A weld or a casting may conceal a defect 
which will pass the usual physical tests and 
inspection, but cause the part to fail after some 
use. Previously such flaws could not be 
detected without destroying the part. This 
meant that no matter how many samples were 
taken, or what proportion of the finished 
articles were tested to destruction, the sound- 
ness of the part put into actual use had to be 
taken on trust without being tested. The risk 
was considerable in the case of highly stressed 
things like flywheels, turbine shafts and aero- 
plane parts. 

Radiography now makes it possible to check 
the internal soundness of anything from a thin 
weld or a light alloy casting to heavy iron 
castings several feet through. X-ray inspection 
is an accepted routine test of the welding that 
now often takes the place of rivets in the con- 
struction of bridges, ships, boilers and pipes. 


It is also used to test the fitness of trainees for 
employment as welders. 

Portable X-ray units are used in the building 
trade to show the position of the reinforcing 
bars in concrete structures when machinery or 
plumbing has to be installed after erection of 
the building. In this way the holes for the pipes 
or holding-down bolts can be drilled to miss the 
metal and so avoid weakening the structure. 
High-speed Radiography. Very powerful units 
have been developed for studying fast-moving 
events, such as explosions which are normally 
hidden in smoke and flame, projectiles in 
motion in the barrel of the gun or just leaving 
the muzzle in the region of the flash. The same 
units are used for investigating how dense 
fluids flow in pipes, and how metal cracks under 
a sudden blow. Exposures in this branch of 
radiography may be as short as one millionth 
of a second. 

Assembly Inspection. X-rays are also used for 
checking the correct assembly and spacing of 
the parts in many manufactured products— 
particularly where a number of components are 
moulded into a plastic body and cannot be 
easily inspected. 

Manufacturers also use permanent and 
continuous X-ray inspection to verify the 
contents of packaged products and to detect 
the presence of foreign bodies in foodstuffs. 
Soft X-rays (Grenz Rays). The development of 
soft X-rays of long wavelength has made it 
possible to widen the field of application of 



PIPE WELD RADIOGRAPHY. I and 2. Longitudinal welds, 
exposed from the inside and outside respectively. The film 
must be long enough to cover the section of the weld to be 
Investigated. 3. and 4. Circumferential welds. 5. Circum- 
ferential weld exposed through both pipe walls, producing oval 
shadow on film. R. radioactive source. F, film, W,w eld. 
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radiography to include a new range of subjects. 
Ordinary X-rays will only show tone differences 
in the developed image if there are correspond- 
ingly well-marked differences in thickness or 
opacity in the subject. Soft X-rays, however, 
will show up comparatively small differences 
and so can be used to examine and record the 
internal structure of such substances as leather, 
wood and even glass. The soft rays are also 
useful for examining living botanical and 
biological specimens. Beetles and small 
creatures may be radiographed without being 
killed in the process. 

Gamma Rays. Gamma rays have a shorter 
wavelength than X-rays and so are more 
penetrating. They are given off by radio-active 
substances. At one time radium and its gaseous 
decay product, radon, were the chief sources 
available, but nowadays atomic piles are being 
used to produce a number of suitably radio- 
active isotopes. 

The French scientist, Becquerel, first applied 
this method in 1896, using a uranium com- 
pound. No further use was made of the idea 
until Pilon and Laborde, in 1925, used 1 gram 
of radium to examine the blades on a marine 
steam turbine on board a liner. 

Gamma radiography is carried out by 
placing a source on one side of the specimen 
and a sensitive film on the other. When two 
lengths of pipe are welded together, for 
example, a radiograph of the weld is obtained 
by sliding a source along the inside of the tube 
until it lies at the centre of the weld. A sensitive 
film is wrapped around the tube at the weld and 
left for the required exposure time. The 
duration of the exposure may range from 
minutes to several hours, depending on the 
thickness of the metal, the diameter of the pipe, 
and the power of the source. When the film is 
unwrapped and developed, it shows a radio- 
graph of the weld in a straight line. 

The radio-active material may be enclosed 
in a capsule about 8 cm. long and l cm. in 
diameter, or it may consist of a cylindrical 
isotope only 2 or 3 mm. long. Sources of this 
size can be introduced into places that would 
be completely out of reach of the normal 
X-ray tube — e.g., inside pipes and drilled holes, 
to examine welds, cracks, and shrinkage. 
Because the source is so small, it produces 
well-defined radiographs. 

Gamma radiography with isotopes is 
flexible, easy to carry out, and very cheap when 
compared with the initial and operating costs 
of an X-ray unit doing the same class of work. 
X-ray Crystallography. When X-rays strike a 
crystal under controlled conditions, they travel 
away from it in a pattern known as an X-ray 
diffraction pattern which can be recorded on a 
sensitive material. The pattern varies with the 
material and conveys information about its 
crystal structure. Experiments have shown that 
the resulting diffraction pattern has a character- 
istic shape for crystalline and non-crystalline 


structures and pure substances, compounds 
and mixtures. 

Since this discovery was made, the method 
has been widely applied in all branches of 
industry for detecting and identifying various 
materials. G.T.S. 

See also: Gamma radiography; High speed photography ; 
X-ray crystal analysis. 

Book: Handbook of Industrial Radiography , by J. A. 
Crowther (London). 

INERTIA. Particular value of exposure arrived 
at by continuing the straight line portion of the 
characteristic curve to meet the exposure axis. 
It is constant for any given combination of 
emulsion and developer and is the figure used 
in determining H. and D. speeds. 



INERTIA. This is the point where the continuation of the straight 
line part of t/ie curve cuti the fog level line, and Is the basis 
for H. & 0. speeds. It is, however, misleading, as a fast film I 
may have a higher inertia i i than a slow film 2. 

When the speed of an emulsion is measured 
by the H. and D. system, the figure increases 
as the developing time is extended. At the same 
time the inertia falls to a lower value. The effect 
is due to the presence of free bromide in either 
the developer or the emulsion. 

See also : Speed of sensitized mater lab. 

INFECTIOUS DEVELOPMENT. Effect that 
can be observed in some negative images, 
particularly in process-type emulsions de- 
veloped in a hydroquinone developer with a 
low concentration of sulphite. One of the 
oxidation products of the developer accelerates 
the action of the partly exhausted solution. The 
result is that lightly exposed parts of the image 
— e.g., the fringes of lines exposed by irradia- 
tion or halation — may develop to a visible 
image. This effect may cause blocking up in 
line negatives in which there are fine close 
lines. 

INFINITY (oo ). Mathematical term for a di- 
mension or quantity of sufficient size to be 
unaffected by finite variations. Also a position 
on the focusing scale of a camera lens. With 
the lens set to this position, the sensitized 
material is in its rear focal plane, and receives 
a sharp image of very distant objects. 
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Although only infinitely distant objects are 
perfectly sharp, all objects extending forward 
to the hyperfocal distance for the particular 
lens are rendered sufficiently sharp for most 
purposes. For checking the infinity setting of a 
lens visually on a focusing screen, the object 
at infinity may in practice be the horizon, or 
an object at 1,000 yards or so from the 
camera. 

INFORMATION AND INQUIRIES. The 
answers to most technical questions about 
photography are usually to be found in books 
and in technical journals dealing with the 
special subject. Where the information is in- 
sufficient, authors, who can usually be 
approached through their publishers, will 
generally give the reader fuller details. 

Non-technical information is sometimes 
more difficult to obtain, the chief difficulty 
being that the inquirer does not know where to 
turn and wastes time in trying the wrong source 
of information. For instance, manufacturers of 
cameras will not usually enter into corres- 
pondence with individual photographers, as 
they prefer them to deal with the retailer or 
agent. Chemical manufacturers cannot be 
expected to divulge the composition of pro- 
prietary solutions where the formulae have not 
been published, nor can this type of informa- 
tion be found elsewhere. 

On the other hand, most information can be 
obtained from the editorial departments of 
photographic magazines. Focal Press have a 
special Inquiry Department, which will answer 
inquiries direct. A self-addressad, stamped 
envelope for a reply should always accompany 
the query. 

The following list is intended to serve as a 
guide to those seeking information in Britain 
about some aspect of photography. Where more 
than one source of information is given, the 
most likely is listed first, 
uooks. Rare or out-of-print: Librarian, Royal 
Photographic Society of Great Britain. Current 
publications: photographic publishers, book- 
sellers, photographic dealers. In Great Britain, 
any public library can obtain books available 
in other public libraries. Advice on specific 
literature is also given by Focal Press. 

Cameras and Accessories. Photographic dealers. 
Special books are published that deal with one 
make only — e.g., Focal Press Camera Guide 
and Camera Way series on individual camera 
techniques. 

Clubs and Societies. Royal Photographic 
Society; Photographic Alliance (c/o Royal 
Photographic Society); local public libraries; 
local newspapers; local photographic dealers. 
Legal. General information: H.M. Stationery 
Office. Photographic: The Market for Photo- 
graphs. Literary: The Writers’ and Artists' 
Year Book. 

Customs. Full information can be obtained 
from H.M. Customs and Excise. Leading 


photographic dealers are usually prepared to 
assist by answering queries on this subject. 
Employment. Local branch of Ministry of 
Labour. Institute of British Photographers. 
Vacancies are often advertised in The British 
Journal of Photography and other photographic 
magazines. 

Examinations. Examinations to test various 
grades of proficiency are held by the Institute 
of British Photographers and by the City and 
Guilds of London Institute, Department of 
Technology. 

Fellowship and Associatesbip. Particulars as to 
qualifications are obtainable from the Secretary 
of the relevant society. Honorary titles are 
sometimes awarded in recognition of special 
services. 

Photographic Technique. Books and magazines 
supply information of varying degrees of 
technicality. The Focal Press Inquiry Depart- 
ment answers specific queries by post. 

Models. Model agencies. Sometimes art 
schools can put inquirers in touch with models. 
Some photographic classes occasionally em- 
ploy models. Classified advertisements in 
photographic magazines. 

Manufacturers’ Instructions. For new apparatus, 
dealers. For second-hand apparatus, manu- 
facturers’ instructions are often not available. 
Many popular cameras are dealt with in Focal 
Camera Guides and Camera Way books. 
Photographic Permits. Appropriate authority or 
public relations office. It should not be assumed 
that permission to photograph will necessarily 
be granted — e.g., at some forms of public 
entertainment copyright difficulties preclude 
the issuing of permits. 

Training. Professional: schools and colleges. 
For time tables and fees, apply to Principals of 
Institutes in question. If in doubt whether 
photographic instruction is supplied in any 
particular district, inquire from the local 
Education Officer. Examinations: Institute of 
British Photographers; City and Guilds of 
London Institute, Department of Technology. 

Amateurs: clubs and societies. Evening 
classes of educational bodies — e.g., London 
County Council (information from local 
Education Officer or public library). 

Selling Pictures. Photographic and press 
agencies; magazines, publishers. Publications: 
The Market for Photographs ; The Writers' and 
Artists' Year Book; Willing's Press Guide. B.M. 

See also: Literature on photography; Museums and collec- 
tions; Print libraries. 

LNFRACHROMATIC. Term sometimes used 
to describe emulsions sensitive to infra-red 
radiations, as used for infra-red photography. 

INFRA-RED (LR.). Band of invisible rays that 
occurs in the spectrum beyond the visible red 
region is known as the infra-red. These rays, 
which have a wavelength of roughly 7,000 to 
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150,000 Angstrom imits penetrate fog, mist 
and haze more readily than visible light rays 
and the longer wavelengths transmit heat. 
Infra-red rays up to 12,000 Angstrom units will 
produce a developable image on specially sen- 
sitized photographic plates. 

The sun’s rays are rich in infra-red radiation, 
and any body heated to just below red heat 
will act as a source of artificial infra-red rays. 

Flash bulbs are another convenient source of 
infra-red radiation. They can be screened with 


a filter which removes all the visible light rays 
and allows only the infra-red to be used for 
taking photographs. 

Distant scenes normally obscured by mist or 
haze can often be photographed successfully 
by using a plate specially sensitized to infra-red 
rays and adding a filter over the lens to cut out 
all but the infra-red region of the spec- 
trum. 

See also: Flash for Infra-red: Infra-red photography; 
Spectrography; Spectrum. 


INFRA-RED PHOTOGRAPHY 


Infra-red photography is of interest to the 
amateur and commercial photographer and 
to scientists and technologists because it 
permits results to be obtained which are not 
possible with panchromatic films. In its practice 
there is scarcely any difference between infra- 
red and normal photography. The same cameras 
and light sources can be used, together with the 
common developers and fixing solutions. The 
main difference lies in the choice of film and the 
need for filters. 

TECHNIQUE 

The peculiarities of infra-red photography 
lie in the ability of the film to “see” what 
the eye cannot see (permitting, for instance, 
photography in the dark); in the fact that 
many materialsreflect and transmit infra-red 
in a manner different from the way in which 
they behave towards visible light; in the ability 
of infra-red radiation to penetrate certain 
kinds of haze in the air so that photographs 
can be taken of distant objects which cannot 
be seen or photographed on normal films; and 
in the ability to photograph hot objects by the 
heat rays which they emit. These properties 
permit infra-red photography to be used as an 
important adjunct to photography by normal 
light. 

The infra-red lies “below the red” — that is, 
it includes all radiations between wavelengths 
just beyond those of the deepest red end of the 
visible spectrum, and the invisible heat waves 
which can be felt but not seen. But though we 
are able to double our range of vision in the 
spectrum by using infra-red photography, there 
is a limit to the part of the infra-red which can 
be photographed. 

Photographs by infra-red were made in the 
last century, but it was not until the early 
nineteen-thirties that it became possible to 
carry out infra-red photography with the ease 
and certainty of ordinary photography. Just as 
orthochromatic and panchromatic films owe 
their response to green and green-and-red 
light to the inclusion of cert in dyes, infra-red- 
sensitive materials owe their response to special 
infra-red-dye sensitizers. The earlier infra-red- 


sensitive materials were quite low in speed, but 
with recent improvements in the methods of 
making photographic emulsions and the dis- 
covery of new dyes, it has been possible to 
make available for general use infra-red films 
which are at least as sensitive as the fast pan- 
chromatic films. 

Infra-red photographs are indispensable to 
astronomers, physicists and other scientists 
and have permitted many important discoveries 
to be made. It was, in fact, with these dis- 
coveries in view that most of the development 
of infra-red films was originated, but out of 
this highly specialized development have come 
films of far broader interest. The visible spec- 
trum ends to all practical purposes at a wave- 
length of 7,600 A., but films have been made, 
and are used by scientists, which respond to 
radiations beyond 12,000 A. Those which are 
used for general infra-red photography, how- 
ever, must have good speed and in practice 
they respond to about 9,000 A. with a maxi- 
mum response at a wavelength somewhat 
longer than 8,000 A. 

One limitation of infra-red materials is 
that the sensitizing dyes are less stable than 
those used for normal ortho or pan emulsion. 
Infra-red films and plates therefore do not 
keep well, and are often sensitized to special 
order only by the manufacturers. 

Infra-red Sources. The light sources commonly 
used in photography are suitable for infra-red 
materials. Most of them depend for their visible 
light on heating certain materials to visible 
incandescence, but a great part of their radia- 
tion is nevertheless in the invisible infra-red 
region. The tungsten filament lamps of the 
normal and over-run (Photoflood) variety 
and the foil- or wire-filled flash lamps are 
especially suitable, since they have the peak of 
their emission in the part of the infra-red 
where the films have their maximum sensitivity. 
The natural incandescent light source is the sun. 
It is clear from its warming influence that it is a 
great source of infra-red, and, in fact, it is this 
rich source of radiations that makes outdoor 
infra-red photography possible. 

In addition to the sources which depend on 
the heating of materials, there are some which 
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depend on an electric discharge through gases 
in a tube. There are many such sources, but 
some, like the fluorescent tubes used for 
lighting, are not suitable for infra-red work. 
Electronic flash tubes are most satisfactory. 

It is always necessary to use a filter for infra- 
red photography because all the normal films 
are highly sensitive to blue light and, if no 
filter were used, the infra-red effect would be 
largely masked by the blue exposure. The 
common yellow filters may be used, but it is 
best to use the standard red filters of the tri- 
colour type. More pronounced effects may be 
obtained by using deep red filters. Filters 
require an increase of exposure which is greater 
the deeper the filter. 

Equipment. Normal cameras can be used for 
infra-red photography, but there are two points 
to be checked: the bellows, film holders 
and draw slides, although black, must be tested 
to ensure that they do not transmit infra-red; 
the focus of the lens in the infra-red may be 
different from that in the visible spectrum. 

The camera and its attachments can be tested 
by loading film in the camera or in the film 
holder, searching it closely with a bright electric 
lamp, and developing the film. Absence of fog 
indicates safety. The presence of fog means that 
the bellows (i.e., the camera) must be changed, 
or the film holder must be replaced by one that 
is opaque to infra-red. Some manufacturers 
test their holders for infra-red and guarantee 
them safe. 

Most lenses do not have their best focus in 
the infra-red when they are focused for visible 
light. Usually it is necessary to rack the lens 
forward slightly, as if focusing on a nearer 
object. The exact distance to give a sharp 
image must be determined by a few tests. 

For development, standard developers may 
be used. Fixing, washing and drying are as for 
normal photographic materials. 

Lighting. Outdoor photography is done with 
the sun and skylight as the natural sources of 
infra-red, and a filter is used over the camera 
lens to confine the exposure to the longer wave- 
lengths. 

The normal rules for subject lighting are 
followed, although compensation must be 
made for the fact that the photographic con- 
trast of scenes in the infra-red is higher than 
for ordinary photography. 

In the studio with artificial lighting, normal 
tungsten filament lamps, photoflash-type lamps, 
Photoflood-type lamps, and electronic dis- 
charge tubes are all satisfactory. The lighting 
is generally flat from the front. 

Filters must be used on the lens, or, to make 
pictures “in the dark”, on the light source. 
Infra-red polarizing filters are manufactured 
for use over light sources and over the camera 
lens for special polarized-light photography 
in the infra-red. As in the case of all filters, 
those used over the lens must be chosen so that 
they will not impair the definition of the lens. 


APPLICATIONS 

For many years, the popular conception of 
infra-red photography was that it was a way of 
seeing through fog. This was largely the result 
of the sensational handling of the subject by 
the press. In fact, infra-red photography does 
not provide a way of seeing through fog, al- 
though it can improve visibility through certain 
kinds of haze. 

Long-distance Photography. This property is 
particularly important for long-distance photo- 
graphy on the ground where the detail of 
distant objects is often obscured by haze, and 
for high altitude and especially oblique photo- 
graphy from the air. Actually, infra-red photo- 
graphy does not always result in a very marked 
increase in the range of vision, but it may in- 
crease the contrast of the distant subjects and 
thus the amount of detail which can be seen. 
This produces the effect of greater penetration. 

For long-distance infra-red photography the 
modem fast infra-red film is used with a red 
filter equivalent to a tricolour red. By this 
means the “atmosphere” so dear to many land- 
scape photographers is entirely lost, and the 
general effect is one of enhanced and distorted 
contrast. Grass and leaves of deciduous trees 
appear white as if covered with snow, although 
the coniferous trees generally appear dark. 
The clear sky is very dark, particularly away 
from the horizon and away from the sun. 
Clouds appear white and, in the case of heavy 
cumulus clouds, stand out strikingly against the 
dark sky. High, wispy clouds which may be 
invisible in an ordinary photograph may show 
up clearly. Water generally appears black, un- 
less it is turbid with suspended matter. 
Portraiture. Portraiture, outdoors or inside, is 
not satisfactory by infra-red unless for an 
occasional bizarre effect because by infra-red 
flesh has a chalky appearance, red lips are very 
pale, and eyes appear as dark spots. Some- 
times, however, doctors have infra-red photo- 
graphs made for diagnostic purposes. The 
infra-red tends to penetrate the turbid skin and 
show up the veins lying close to the surface, 
and from their appearance certain conclusions 
can be drawn. 

Surrey and Reconnaisamce. In infra-red photo- 
graphy outdoors from the ground or from the 
air, grasses and the foliage of deciduous trees 
appear white because of the transparency of the 
green colouring matter, chlorophyll, in the 
infra-red, and the high reflectance of the 
cellulosic structure of the. grass and leaves. The 
result is that the infra-red contrast of a land- 
scape or an aerial terrain may be quite different 
from the visual contrast, and this, over and 
above enhanced penetration resulting from 
longer wavelength, may help to increase visi- 
bility of distant objects. Further, it helps in 
aerial survey and reconnaissance to distin- 
guish deciduous trees and grass from coni- 
ferous, diseased and dead trees and burnt grass 
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which tend to appear dark in an infra-red 
photograph. 

In war, the infra-red is of potential use for 
camouflage detection, especially in areas where 
the day-by-day erection of camouflage cannot 
be observed. Most green paints, which match 
green foliage visually in the summer, are 
strong absorbers in the infra-red and appear 
dark in an infra-red picture, while natural green 
foliage photographs as white. Some paints 
have been developed in which the spectral 
reflectance is high in the infra-red and they are 
more difficult to detect by infra-red photo- 
graphy. Special multilayer colour Aims have 
even been made and used in which one layer 
responds to the infra-red and produces a dis- 
torted-colour picture in which infra-red- 
absorbing camouflage shows up as an abnormal 
colour. 

In practice, infra-red photography has been 
used in forest survey to distinguish between 
stands of coniferous and deciduous trees, and 
it has even been stated that if a yellow instead 
of a red filter is used it is possible to differen- 
tiate between different types of conifers. 

An important application of inf ra-red aerial 
photography in war is its use for determining 
depth of water and detecting underwater 
obstacles off potential landing places on 
enemy coastlines. It has been claimed that by 
comparing infra-red and visible-light photo- 
graphs in average coastal waters, depths to 
20 feet can be determined to an accuracy of 10 
per cent. It has been suggested also that the 
method might be applied to construction of 
charts, study of sandbars, silting of navigable 
channels, control of erosion and pollution, 
charting of currents and the study of marine 
life. Seaweed surveys have been made by infra- 
red photography. 

In the Dark. Since the infra-red is invisible, 
photography in total darkness can be readily 
carried out if infra-red film is used and the 
light source is covered with an infra-red- 
transmitting filter. 

Infra-red flash photography has been used in 
this way for many special purposes, such as 
press photography outdoors in the blackout 
during war and in other situations where a 
bright flash would be disturbing (or betray the 
photographer), detection of intruders and 
criminals in the dark, audience-reaction studies 
in lectures, training-film projection and motion- 
picture theatres, unobtrusive instrument re- 
cording in aircraft, dark adaptation studies of 
the eye, and photography of industrial opera- 
tions which are carried out in the dark, as in 
the photographic industry. 

Usually, filters which permit the passage of 
the minimum of visible light are used — and it 
must be recognized that deep red light can be 
very visible in the dark. The filters may be 
placed in holders over the reflectors, or the 
flash bulb or the jackets of electronic discharge 
tubes may be dipped in a dark, infra-red- 


transmitting lacquer. Normal safelight lamps 
provide a good lamphouse if an infra-red filter 
is used in the place of the safelight glass. Suit- 
ably dyed plastic bags have also been used as 
covers for flash bulbs. 

In audience-reaction studies by flash, it is 
usually sufficient to cover flash lamps and 
reflectors with an infra-red filter, and point 
them to the ceiling as for bounce-flash to 
produce illumination which is invisible to the 
audience. (If a person looks directly at a flash 
lamp covered with a deep infra-red filter, he 
will be conscious of a red flash.) 

A f ew deep ruby bulbs among the cove lights 
or in the exit signs of rooms can often provide 
enough unobtrusive illumination for short- 
exposure infra-red photography. 

With the modem high-speed infra-red film, 
short exposures will give good photographs at 
the normal low level of illumination pertaining 
in motion picture theatres, night clubs, and so 
on. Under low levels of tungsten-filament lamp 
illumination, the fast infra-red film will permit 
fuller exposures than the fastest panchromatic 
films f or the same exposure values. 

Document Inspection. Infra-red photography 
has found several applications in crimino- 
logical investigations and it is a standard tool in 
many laboratories for the study of faded, 
burnt, worn, dirty or altered documents; the 
differentiation between pigments, dyes and 
inks which may appear indistinguishable to the 
eye; examination and identification of cloth, 
fibres and hair; detection of secret writing, 
and a variety of other special applications. 

In the study of documents, infra-red photo- 
graphy was dramatically used in the early 
thirties for showing up printing underlying the 
obliterating ink of censors which, although 
black to the eye, happened to be transparent 
to infra-red. In this respect, infra-red photo- 
graphy is an important adjunct to ultra-violet 
photography in document examination. Printed 
matter, engravings and photographs which 
have become indecipherable through dirt or 
age can frequently be revealed, mechanical or 
chemical erasure can often be determined even 
if overwritten, provided, of course, the over- 
writing is in an ink transparent to infra-red, 
and even writing originally on documents 
charred in fires has been made readable pro- 
vided the charring has not gone too far. Infra- 
red photography has taken a place with 
chemical, ultra-violet and X-ray study in 
determining the authenticity of works of art. 
Scientific and Industrial. Infra-red photography 
is one of the accepted tools of the applied 
photographer, and the imaginative worker 
should have little difficulty in recognizing its 
possibilities and enlarging its field. Among the 
special uses, mention can be made of; plant 
pathology, in the study of plant diseases where 
there is change in pigment or cellular material; 
palaeobotany, particularly in coal petrology; 
in the textile field for detection of irregularities 
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in dyeing or weaving of cloth or damage to the 
fibres, particularly where the material is dyed 
a dark tone and visual examination is impos- 
sible; in photomicrography of deeply pig- 
mented tissues and thick sections to show en- 
hanced details of internal structure; in the 
study of furnaces while they are operating. 

Since heated objects emit infra-red radia- 
tion, in some circumstances they may be photo- 
graphed on infra-red films by their own rays. 
The surface temperature of hot objects such 
as hot plates, engine parts, stoves, cooling 
ingots and castings, has been studied in this 
way. The useful range is limited, however, 
because at temperatures below about 400° C. 
the exposure times become impracticably 
long. 

Infra-red photography is a tool of rapidly 
increasing importance in astronomy and spec- 
trography. Through its means, hundreds of new 
lines have been recorded in the spectra of the 


elements, much has been learned of the com- 
position of the stars and of the atmospheres of 
the planets, new stars have been discovered 
and the haze of nebulae has been penetrated to 
bring about a fuller knowledge of the universe. 

It is probable that with the increasing sensi- 
tivity of infra-red-sensitive films and with the 
greater stability of the materials resulting from 
the application of the new techniques of the 
emulsion maker and the chemist, infra-red 
photography will find increasing special uses 
in the future. It appears certain, however, that 
direct infra-red photography by normal 
practical photographic techniques as we know 
them to-day will not be possible beyond a 
wavelength of about 13,500 A. W.C. 

See also: Flash for Infra-red; Negative materials; Spec- 
trography; Ultra-violet and fluorescence photography . 

Bo oka; Infra-red and Ultra-violet Photography, by 
Eastman Kodak (Rochester, U.S.A.); Photography by 
Infra-red , by W. Clark (London). 


INKS FOR PHOTOGRAPHS. It is necessary 
to choose a suitable ink for writing numbers or 
data on the emulsion of negatives or prints. 
Ordinary writing ink should not be used for 
reference numbers or data on the margins of 
negatives; there is a tendency for the ink to 
run ; it is not easy to make it take on the smooth 
surface, and some inks tend to come off after 
drying. 

The best ink for this purpose is black draw- 
ing ink which should be applied with a fine 
penof the kind used for map drawing. 

Ordinary commercial writing inks can be 
used for writing data on the back of prints. 
Most of these inks are permanent but if the 
print has not been thoroughly washed they 
may bleach, especially if the print is stored 
under damp conditions. Some of the inks used 
in ball point pens are not permanent, especially 
if exposed to strong light for long periods. A 
signature on the print should always be written 
in black drawing ink. 

The choice of ink for titling prints mounted 
in albums depends upon the tone of the pages. 
On a dark toned page the white ink sold by 
photographic dealers for this purpose should 
be used. If the white looks a little too glaring it 
may be diluted with a trace of black ink. This 
will give a grey tint which can be attractive on 
dark grey or black paper. For light toned or 
white pages black ink looks best. 

If required, a waterproof ink can be made 
up as follows: 

Add i ounce of borax to 4 ounces of hot water 
and heat together with J ounce of shellac 
until most of it has dissolved. Pour off the clear 
liquid and mix with enough Indian ink or 
lamp-black to leave a good black impression. 

Glossy surfaced papers and hardened nega- 
tive emulsions are reluctant to accept inks and 
water-colours. The difficulty can be overcome by 


adding a drop of prepared ox gall (obtainable 
from any artists’ supplier) to the medium, or by 
applying a smear of the preparation to the 
surface to bo written or painted on. R.M.F. 

See also: Titles. 

INSECTS. It is assumed that anyone who is so 
interested in insects that he wants to make 
photographs of them will also know something 
of their habits; if not, it will pay him to find 
out. In this branch of photography few things 
help more than a knowledge of what the subject 
will do next. 

Stalking insects in the field with, say, a reflex 
camera is good fun and it sometimes results in a 
good photograph. But in the open air it is 
difficult to keep the subject in one place, and 
there is usually a wind to make matters worse. 
It is also unlikely that the subject will be kind 
enough to pose against a suitable background. 
Far better results are obtained by bringing the 
insects indoors or, better still, by rearing them 
from the egg or caterpillar stage and taking 
their photographs by artificial light under 
controlled conditions. 

Camera. The single lens reflex or a miniature 
with a close-up reflex attachment is the best 
camera for insect photography. The twin lens 
reflex and the conventional hand camera are 
unsatisfactory for such close-up work because 
they both suffer from parallax. As the aim is 
generally to get as large an image as possible on 
the negative, the camera must have a very long 
extension or be fitted with a supplementary lens 
to permit close-up work. 

Lighting. For insects like butterflies, dragon- 
flies and large caterpillars, two Photofloods will 
give all the light needed. They should be 
controlled by a series-parallel switch so that 
they can be run in series during the business of 
arranging and focusing the subject and then 
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instantly switched to full brilliance just before 
making the exposure. Smaller insects are best 
illuminated by a focused spotlight, and restless 
subjects may have to be taken with a flash. 

Some insects, in particular dragonflies, are 
quite docile in the dim light, but will fly as soon 
as the bright lights are switched on. Photo- 
graphs of such subjects are best taken by 
focusing in as dim a light as possible and then 
making the exposure with a synchronized flash 
bulb. 

Flash bulbs are also used to arrest slow 
movement like the crawling of a caterpillar. 
The flash bulb is held at about 4 feet from the 
subject for a lens aperture of /26 and is kept 
well to one side to throw up the modelling of 
the subject in sharp relief. 

High speed electronic flash lighting may be 
used to arrest the movement of insects that 
normally move about quickly and demand very 
short exposures and proportionately brilliant 
lighting. The duration of the flash is so short — 
anything down to 1/10,000 second — that move- 
ment ceases to be a problem. 

Exposure. As in other branches of natural 
history photography, every detail must be 
critically sharp. This means small apertures and 
long exposures. It is impossible to give hard 
and fast rules about exposure, but a time of 
about one second at /22 on a fast pan film or 
plate with two 275 watt Photofloods at 3 and 
5 feet from the subject should give a reasonable 
negative. 

Negative Material. The choice of negative 
material generally calls for a compromise 
between two opposing techniques: using a 
fast, but relatively grainy emulsion, and using 
a fine-grain, but relatively slow emulsion. 
If the image can be made large enough on the 
negative in the first place, then it is better to use 
a very fast panchromatic film or plate, since 
there will not be enough enlargement to show 
the grain. 

But if it is impossible to get a big image on 
the plate to start with — either because the 
subject tends to move about, or because the 
camera cannot be focused close enough — then 
it is better to use a slower but finer grained 
emulsion that will stand the necessary extra 
amount of enlargement. A smaller image on the 
plate means that a shorter exposure can be 
given, and this helps to compensate for the 
slower speed of the negative material. 

Colour. There is no special difficulty about 
photographing insects in colour. The technique 
is the same as that used for monochrome 
photography except that lighting, filters and 
exposures need even greater care than usual. It 
is even more difficult to give any guidance on 
exposures for colour than for black-and-white. 
The problem can be solved only by experiment, 
particularly as even individual makes of colour 
film vary from one batch to the next. 

Large Insects. The larger insects are persuaded 
to take up a position on suitably arranged 


foliage set up in front of the camera. Butterflies 
are fairly docile in artificial light, and a patient 
operator can generally succeed in getting the 
subject to rest where he wants it by going to 
work slowly and gently. The members of some 
species will expand their wings in the light of 
the Photofloods; others — those that do not 
naturally rest with their wings open — may 
refuse, and have to be photographed with them 
folded. 

With this type of subject there is a strong 
temptation to use a wide lens aperture and a fast 
shutter speed to arrest movement. But the best 
photographs are made by the photographer 
who has the patience to wait until the insect is 
quite still and then to give a relatively long 
exposure. In this way the lens aperture can be 
kept small enough to give the necessary depth 
of field. If the insect is free to move, the image 
must be constantly examined through the 
f ocusing magnifier to keep it f ocused within the 
limits of critical sharpness. 

Small Insects. The photography of small objects 
like eggs, young caterpillars and grubs of 
insects has to be handled by the special 
technique of low-power photomicrography. A 
magnification of about five times life size on 
the negative is generally sufficient. With larger 
magnifications than this it is difficult to obtain 
the necessary depth of field, even at very small 
apertures. 

The enlarged image is best produced by 
using a short focus lens and a long camera 
extension. A camera with a normal extension 
may be mounted with its back to the lens panel 
of another with a long bellows. The subject of 
such large magnifications calls for a small spot 
of concentrated light. 

Underwater Insects. Water-dwelling insects 
and pond life may be photographed either from 
above or from the side. When they are photo- 
graphed from above, the insects are placed in a 
shallow glass dish with just enough water for 
them to swim in. This restricts their movement 
and keeps them within the limits of the depth of 
field of the lens. 

When water insects are photographed from 
the side, they are confined in a very narrow 
Perspex or glass tank which leaves them free- 
dom to move up and down, but not from front 
to back. This arrangement greatly simplifies 
focusing. 

The field covered by the lens can be marked 
out on the side of the tank, so that once the lens 
is set to include the full width of the tank in its 
depth of field there is no further need to watch 
the image in the focusing screen. The photo- 
grapher simply waits for the insect to move into 
the picture area, switches on the lights and 
makes the exposure. 

This type of set-up leaves the photographer 
free to use a background of the most suitable 
tone to show up the subject and even to employ 
back lighting against a dark ground, perhaps 
the best type of illumination for dealing with 
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the almost transparent hairs and antennae 
possessed by many water-dwelling insects. 

When the subject is enclosed between glass 
walls in this way, the image on the focusing 
screen must always be examined very carefully 
for unwanted reflections with the full lighting 
switched on. 

Life Cycles. Perhaps the most interesting insect 
photographs are those that show a series of 
events, like the successive stages in the pupation 
of a caterpillar, or a butterfly emerging from its 
chrysalis. This type of record calls for careful 
preparation because most metamorphoses of 
this sort are over very quickly. The camera, 
lighting and plate holders must all be ready for 
instant use, and the photographer must be 
prepared to keep up a continuous watch so as 
not to miss the start of the process. 

Controlling Live Subjects. It is fairly common 
practice to control the movement of insects by 
stupefying them with carbon tetrachloride or 
ether, or chilling them in a refrigerator to slow 
down their rate of movement. This should be 
done only as a last resort with insects like silver 
fish and cockroaches that move at great speed 
and seek dark comers. In such cases the method 
of control should always be stated — e.g., 
etherized, temperature controlled, etc. 
Photography In the Wild. In spite of the many 
difficulties inherent in attempts to photograph 
insects in the field, there are occasions when this 
is desirable. 

When the insects are at rest, a tripod should 
be used ; all preparations such as the setting up 
of the camera and the removal of unwanted 
foliage require great care in order not to dis- 
turb the insect. For the photography of insects 
feeding on flowers, and of other moving sub- 
jects, it is usually necessary to hold the camera 
in the hand, but sometimes a single support 
resting on the ground can be utilized to give 
extra steadiness. A compromise must be 
reached between a short enough exposure to 
arrest slight movement and a small enough 
aperture to give sufficient depth of field. 

For this work, a single-lens reflex is desir- 
able, and it is best to bring the subject into 
focus by moving the camera as a whole nearer 
to or farther away from the subject, rather than 
to use the normal focusing system of moving 
the lens in relation to the plate or film. If a 
reflex is not available, a rod may be attached 
to the camera so that this rod projects from the 
front, but is just out of the field of view. The 
camera, with its focus correctly set, is then 
moved bodily to or from the subject until the 
end of the rod is in line with the insect, where- 
upon the exposure is made. 

When photographing moving insects with the 
camera held in the hand, it is as well to make 
several exposures of the same subject, as it is 
very probable that some will be spoilt by the 
movement of the insect or by camera shake. 
Dead Insects. What has been said above refers 
to the photography of living insects. Photo- 
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graphs of dead insects should be made against 
a plain background. The subject should never, 
for example, be attached to a flower to make it 
appear to be alive. There are, unfortunately, in 
books on natural history, many such faked 
photographs, and in some of them the corpses 
are arranged in positions that the living insects 
would never assume in nature. Photographs 
like these bring discredit on natural history 
photographers and are greatly to be depre- 
cated; if the insect is dead, it is better to be 
honest about it and mount it like a museum 
specimen. No skill in disguising the withered 
shell of a dead insect can ever imitate the 
miniature miracle of life presented by the living 
reality. S.B. 

See also: Macrophotography. 

Books: All About Photographing l/ueet by O. E. Hyde 
(London); Entomological Photography In Practice , by 
E. F. Linsscn (London). 

INSTANTANEOUS EXPOSURE. Old- 
fashioned term for an exposure made with an 
automatic shutter speed of 1/25 second or less. 
Nowadays it has no significance except that the 
initial “I” is still much used to indicate the 
automatic exposures on shutter controls. 

INSTITUTE OF AMATEUR CINEMATO- 
GRAPHERS. Organization founded in 1932 
to help amateur cinematographers by dis- 
seminating technical information and provid- 
ing facilities for the exchange of views and 
experiences. All duties in the organization are 
performed in an honorary capacity. 

The Institute has its headquarters in Eng- 
land, but its membership includes amateur 
cinematographers and a large number of 
societies and clubs in many parts of the world. 

Membership is open to all bona fide amateurs 
who either practise or are interested in cinema- 
tography, and the council awards Fellowships 
to members in consideration of outstanding 
film productions or for services rendered to the 
movement. 

There is a quarterly publication, the I.A.C. 
News, and the Institute provides technical 
advice, a library, scripting advice and film 
judging. Membership carries with it privileges 
for cheaper technical services and a low-fee 
lending library of outstanding amateur films. 
The Institute also runs an annual film compe- 
tition, film festival and convention. L.M.F. 

INSTITUTE OF BRITISH PHOTO- 
GRAPHERS. The Institute of British Photo- 
graphers was founded in 1901 as the Profes- 
sional Photographers’ Association. It is con- 
sulted by government departments on matters 
of concern to the photographic profession. 

Its aims are to represent all who practise 
photography as a profession in any field; to 
establish for the profession a reputation com- 
mensurate with the importance of photography 
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and improve i ts quality; to establish the neces- 
sity for recognized qualifications and a high 
standard of conduct; to safeguard the interests 
of the profession in every direction, and, in the 
light of these aims, to render service to its 
members. 

It has laid down a code of conduct to which 
all members are expected to adhere. 

Membership is open to all who practise 
photography as a profession, whether em- 
ployers or employees, and the Institute’s 
present membership extends to most parts of 
the Commonwealth. Students are accepted as 
student members. 

The governing body is an elected council. 
Its duties are universal and every member is 
expected to work as a member of the team for 
the profession as a whole. Promotion of purely 
sectional interests by any area, section, branch 
or interest is precluded by the constitution. 

Specialized needs are looked after by com- 
mittees appointed by the Council and further 
fostered by groups of members in some 
branches. There are groups for medical photo- 
graphers, industrial staff photographers, theatre 
photographers, those interested in colour 
photography, press photographers and cine 
photographers. 

Special conferences are organized within the 
groups and each year there is a four-day con- 
ference for members as a whole. 

Specialized and national exhibitions are 
held in London and tour the country. Exhibi- 
tions are sent overseas. 

The Institute publishes a monthly journal 
and has issued a series of reports on matters 
of general and sectional interest, such as reports 
on Medical Photography, Colour Photography, 
Industrial Staff Photography, Guide to Prices in 
Industrial and Commercial Photography, The 
Business of Photography, Examination Sylla- 
bus, etc. 

Local centres play an important part in the 
development of the Institute, and close liaison 
between members and the Council is effected 
by a committee of local centre delegates who 
meet regularly at headquarters. 

The examinations of the Institute of British 
Photographers have become generally accepted 
as a qualification of competence for the pro- 
fession. They are held at three levels and all 
have a strong practical bias. The final examina- 
tion qualifies candidates for the Associateship. 
Associateships and Fellowships are awarded by 
a Qualifications Board. A.F.B. 

INSTRUMENT RECORDING. Photography 
offers a convenient means of recording the 
readings of scientific instruments. It releases 
the human observer, and at the same time 
provides a permanent record of the readings 
of every instrument throughout the duration 
of the experiment. 

There are two principal ways of recording 
instrument readings with photographic 


material: dia Jinstrument records — e.g., photo- 
graphs taken of the normal instrument dials; 
and trace records — e.g., of instruments in 
which a moving spot of light takes the place 
of the calibrated dial and pointer. 

Dial Instrument Record. The instrument dials 
are grouped closely together and a cine camera 
fitted with a wide angle lens is focused on them 
scrthat they fill the negative area. As a rule the 
aim is to read the instruments at regular inter- 
vals over a long period of time. This is done by 
setting the shutter release of the camera for 
single shot working and making the exposures 
by means of a solenoid-operated shutter release 
energized at regular intervals by a contactor 
clock. 

The instrument dials are illuminated by 
diffused lighting so that the pointers do not 
case confusing shadows, and the light sources 
are placed so that they are not reflected in the 
dials. Where possible the glass is removed from 
the front of the instrument to reduce the risk of 
reflection of either the light source or the camera 
itself in the polished surface. 

The dials are preferably finished in dead 
black with white figures and pointer as this 
combination gives a clear image and less risk of 
trouble with reflections. 

If the exposures are made at fairly short 
intervals, the lighting is left switched on all the 
time. This is wasteful if the exposures are made 
at intervals of an hour or so. In this case the 
solenoid is equipped with switch contacts to 
switch on the light just before the shutter itself 
is tripped by the mechanism; the entire opera- 
tion is then automatic. 

The whole set-up is enclosed to keep out 
extraneous light and enable a standard exposure 
to be given. 

If the instruments can be strongly lighted, 
microfilm is used for Its high resolution; this is 
specially necessary when there are a large 
number of instruments crowded into the pic- 
ture space. 

Self-Contained Units. Very often the camera 
has to record instruments inside a self- 
contained piece of apparatus out of reach of a 
power supply — e.g., in a meteorological 
balloon. In this case the power for lighting the 
instrument dials and driving the camera is 
supplied from a small storage battery. If the 
test is to last for a long period, the camera may 
be operated by clockwork to save the drain on 
the battery. The battery can be made to last 
even longer by cutting down the power of the 
illumination until it just gives a readable image 
on the fastest panchromatic film. This is only 
possible when the grain of the emulsion does 
not make it difficult to read the instrument to 
the required degree of accuracy. 

In self-contained units of this type, the size 
of the unit is kept down by using an arrange- 
ment of mirrors to give the required optical 
separation between die lens and the subject 
within the space available. The mirrors are of 
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the surface silvered type to avoid getting double 
images with each mirror used. 

Trace Records Photographing normal instru- 
ment dials is at best a make-shift arrangement 
that is only justified where the instruments are 
already performing a distinct function — e.g., 
for records of the instrument panels in an air- 
craft. Where the sole purpose of the instruments 
is to provide a permanent record, it is far more 
satisfactory to get rid of the dial and substitute 
a moving light spot for the pointer. The light 
spot can then make its own record directly on 
a moving strip of sensitized film or paper with- 
out any need for a camera. If necessary, the 
moving elements of a number of instruments 
can be grouped to record simultaneously on the 
same piece of sensitized material. Or each 
instrument may make a separate record. 

How the light spot is produced depends upon 
circumstances. In the simplest case the moving 
element of the instrument carried a mirror. A 
narrow beam of light falls on the mirror and is 
reflected on to the sensitized material. When 
the mirror rotates, the light moves across the 
sensitized material and leaves a developable 
trace. 

The light trace may also be produced in a 
cathode ray tube. In this case its movement 
may be recorded directly on sensitized material, 
or it may fall on a fluorescent screen and leave 
a luminous trace which can be recorded by a 
camera. 

Instrument records of this type, where the 
instrument is specially designed for the purpose, 
are made nowadays inside projectiles and in 
other places where it would be impossible to 
have either a human observer or conventional 
instruments. F.P. 

See tlio : Time lapse photography. 

INSURANCE. In so far as a camera, with its 
appurtenances, is part of the equipment of a 
professional photographer’s studio it will be 
insurable with the stock in trade, fixtures, 
fittings and othercontents of the studio. 

Similarly, the camera in private ownership 
is insurable with furniture, clothing and 
personal effects in the owner’s private dwelling 
house or flat. 

In both cases it will be insured whilst in the 
premises described in the policy against such 
perils as are fully set out iq the policy itself. 
Comprehensive Policy. The ordinary house- 
holder's “ comprehensive ” policy does not 
insure a camera for more than 5 per cent of 
the declared full value of the contents. So the 
owner of a valuable camera, or, say, a cine- 
projector, should make sure that the value of 
each separate article in his photographic 
equipment does not exceed 5 per cent of the 
full value of the contents of his house. If it 
does, he must so declare it, have his equipment 
specially described in the policy of insurance, 
and insured specifically for such amounts as 
he considers reasonable. 


This means that if the total contents of his 
house are insured for £2,000, a camera or other 
item of photographic equipment valued at 
more than £100 should be specially insured. 

A comprehensive policy on the contents of a 
private house or flat provides for the temporary 
removal of personal effects, including cameras. 
Up to 15 per cent of the total value of the 
contents will be held insured against a limited 
number of perils while temporarily removed 
to other dwelling houses or other buildings in 
which the owner or his family may be residing. 
In other words, when the owner goes off on 
holiday the things he takes with him, including 
his camera, will be insured against certain 
risks whilst on the premises of the hotel in 
which he is to spend his holiday. 

But fifteen per cent of the total value of the 
contents of a house does not go very far if the 
owner’s wife has packed her smartest frocks, a 
few of her best furs and a selection of her 
choicest jewellery. There will be very little left 
of the permitted amount of insurance to take 
care of expensive cameras. 

Note also that ordinary insurances are 
restricted to stated locations. The camera is 
insured only while it is in the house or flat, in 
the studio, or in the hotel. 

All Risks Insurance. The operator of ten takes his 
apparatus to the scene which he wishes to 
photograph, and, unless he is a studio-portrait 
photographer, cannot wait for his subjects to 
visit him. The real need of the camera owner 
is a form of insurance which will protect his 
camera against loss or damage, anywhere. 

This is available. It is known as “All Risks ” 
insurance, but although its name implies that 
every form of loss or damage is covered, this 
is not strictly true. It does not cover wear and 
tear, mechanical breakdown, or electrical 
defects. It may exclude customs confiscation 
or detention. It sometimes excludes theft from 
unlocked motor cars. Loss or damage by 
rioters, strikers, and other forms of malicious 
damage are usually excluded, as is all damage 
or loss occasioned by war, invasion, foreign 
enemy and the like. Earthquake (outside 
Britain), or looting or pillage following earth- 
quake, are other excluded perils. 

These exceptions apart, the puipose of an All 
Risks insurance on cameras is to provide 
insurance protection against loss or damage, 
however and wherever caused. It may contain 
a clause which provides that the owner shall 
bear a small share — usually ten shillings or so — 
of c laims in respect of damage to flash bulbs, 
which are particularly susceptible to damage, 
and special clauses dealing with damage or 
breakage of lenses are sometimes encountered. 

Premium rates vary within fairly wide limits. 
Amateur photographers can obtain All Risks 
insurance on a camera worth £50 for as little 
as 10s. 6d. per annum if the cover is restricted 
to the United Kingdom, but for world-wide 
policies required by professional and press 
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photographers, annual premium rates will rise 
to as much as 45s. per cent of the value of the 
apparatus to be insured. 

In the United States of America the average 
premium rate is $1.50 per annum per $100 
value insured. Usually there is a premium 
discount over a 3-year period, with an effective 
rate of 24 times the annual rate. 

Valuation. It is desirable that the camera or 
other equipment should be independently 
valued before it is insured. Apart from deter- 
mining the real value of the camera, it enables 
the owner to describe it accurately. This 
description is of great importance if the camera 
should later be lost or stolen. 

It is important that the full value of the 
equipment should be insured, because the 
policy usually contains an average clause. This 
provides that in any case where the value of 
any camera or apparatus exceeds the sum 
insured on it, the insured will be considered as 
being his own insurer for the difference between 
the real value and the sum insured, and shall 
share the loss accordingly. It is sometimes 
possible, by arrangement with the insurance 
company, to have this clause deleted, but only 
if the company is satisfied that the full value 
of the photographic equipment is insured. 
Claims. The policy of insurance is a contract 
of indemnity. This means that the insurance 
company or underwriter undertakes to make 
good, by cash payment, reinstatement or repair, 
the intrinsic loss suffered by the owner as a 
result of the loss or damage from the insured 
peril. It is not an undertaking to pay a stated 
sum: the amount payable is measured by the 
extent of the loss suffered, with a maximum of 
the sum insured which is set out in the policy 
itself. 

If there should be any dispute between the 
parties about the settlement of a claim under 
the policy, it is referred to the decision of an 
arbitrator, and the policy contains an arbitra- 
tion clause which fully protects the interests 
of both insured and insurer. 

It is rare for the arbitration clause to be 
invoked. Claims usually are negotiated by 
independent assessors, who do not hesitate to 
enlist the services of experts when dealing with 
losses of such specialized property as photo- 
graphic equipment and cameras. 

All Risks insurances on cameras and photo- 
graphic equipment are transacted by a number 
of insurance companies and by underwriters at 
Lloyd’s. The office or offices handling the 
ordinary insurances of the photographer, either 
amateur or professional, will generally quote 
for his camera insurance, or will at least put 
him in touch with an insurer transacting the 
business. 

Plate Glass Insurance. Apart from the insur- 
ance of his cameras and photographic equip- 
ment, there are other risks against which the 
owner of a professional studio should seek 
insurance protection. 


If the studio forms part of the ground floor 
of the premises, it is more than likely it will 
have display windows, and the accidental 
breakage of the plate glass in windows, doors, 
fanlights and other parts of his shop front 
as well as neon signs, glass counters, display 
cabinets, and the like should be covered by 
insurance. 

Motor Car Insurance. The motor car used by a 
professional photographer to make visits to 
the scene of his operations must be insured to 
conform with the provisions of the Road 
Traffic Acts, but the compulsory cover pre- 
scribed by law is restricted to insurance against 
liability for personal injuries to third parties. 
It is desirable that motor vehicles should be 
insured in such a way that the third party 
indemnity is extended to cover damage to the 
property of third parties as well as injuries to 
the person. Accidental damage to the motor 
vehicle itself should also be insured, including 
damage by fire, loss or damage by theft, and 
malicious damage as well as risk of injuries to 
passengers. 

Motor insurers provide what is known as a 
“ comprehensive ” policy which is wholly 
admirable. It gives wide cover and deals 
effectively with the hazards of motoring. It 
should be noted that mechanical breakdowns 
of motor cars are not normally insurable. 

The professional photographer who uses his 
private car for professional purposes is advised 
to examine his existing motor insurance policy, 
and in particular, the certificate of insurance 
which is issued to him by his insurance com- 
pany. A motor car used solely for social, 
domestic and pleasure purposes is insurable at 
a lower rate of premium than one used for 
professional purposes. And while it is true 
that the user of a private car who insures it 
as such is permitted in the terms of his policy 
(and certificate of insurance) to make what are 
called “business calls in person”, it is unlikely 
that a private motor car used for the purposes 
of a professional photographer is insurable at 
“private car” premium rates. 

Where the car owner merely uses his car to 
take him to and from the studio, this will be 
treated as “ private purposes,” and the lower 
premium rate will be charged, but if, in addi- 
tion, he uses his vehicle to visit churches to 
take the inevitable wedding group photographs, 
if, in fact, his motor car is used to convey 
apparatus and operator to places where work 
is to be done, the motor car should be insured 
as a private car used for business purposes and 
the appropriate premium for such use paid. 

It is a serious offence at law to use a motor 
car on the roads without proper insurance, and 
the importance of ensuring that motor vehicle 
insurance is in order cannot be over-emphasized. 
Any photographer who allows an employee to 
use his car for business should see that the 
employee is correctly insured and, of course, 
that he holds a current driving licence. 
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Liability Insurance. Other forms of insurance 
to which the professional photographer should 
give attention include the important “liability” 
insurances. 

As an employer he is liable at common law 
for the consequences of injuries to people in 
his employment caused by his negligence. He 
is also liable for injuries to people in his 
employment caused by the negligence of their 
fellow employees. To deal with this liability 
he must take out an employer’s liability policy. 
This will cover all his employees, both regular 
and casual, and a modest premium based on 
the total wages expended in each year is 
charged for cover which fully meets all con- 
tingencies under this heading. 

Apart from liabilities to employees, the 
professional photographer owes duties to 
members of the ordinary public, to the people 
who visit his premises as clients or otherwise, 
and to the people who pass by. He is required 
to exercise reasonable care in the practice of 
his profession so that no harm shall come to 
them through his negligence. His studio must 
be maintained in a safe condition, well lighted, 
in proper repair, and when he, or members of 
his staff, leave the studio on “ outside ” work, 
care must be taken to see that no damage or 
injury is done to third parties even when the 
latter do everything possible to impede photo- 
graphic work by crowding in on the subject. 

These public, or third party, liabilities are 
taken care of by property owner’s liability 
policies (applicable where the photographer is 
the owner of the premises in which he has his 
studio) and by third party insurance policies. 
It is usual to arrange this form of insurance with 
a limit of indemnity in respect of any one acci- 
dent, and as awards in damages by the courts to 
injured third parties are tending to rise steeply, 
it is unwise to fix the limit of indemnity at less 
than £10,000. A.S.W. 

INTAGLIO PROCESS. Photomechanical 
printing process in which the printing area of 
the block is incised into the metal and the non- 
printing areas stand up. When the block is 
inked up and then wiped off, the sunk areas are 
left filled with ink which prints as an image 
when pressed on to the paper. The most com- 
mon example of this is photogravure. 

INTEGRAL TRIPACK. Set of three emulsions 
and a filter layer coated on to a single film and 
used for making subtractive negatives or 
transparencies in an ordinary camera, or for 
colour prints when coated on a white base. 

See also : Colour materials. 

INTEGRATING EXPOSURE METER. Meter 
which adds up the amount of light coming from 
the scene during exposure; all other meters 
measure the amount of light received at any 
one instant and, if the amount of light varies, 
the meter reading varies with it. Integrating 


meters can only be used for making long expo- 
sures, therefore they are not much used by the 
ordinary photographer. They are employed 
principally in process work where exposure 
times often run into many minutes and where 
arc lamp illumination may vary considerably 
during the period of exposure. 

See also : Actinometers. 

INTENSIFICATION. Process of strengthening 
a photographic image which is too weak to give 
a satisfactory picture. It is possible to intensify 
both positive and negative images. 

Negatives. Most methods of chemical inten- 
sifying either add another metal to the silver 
image, or make the image less transparent to 
actinic light. In either case the effective density 
increase is proportional to the existing density 
of the image. So the highlights are intensified 
more than the shadows and the over-all contrast 
of the negative is increased. 

No chemical intensification can add much 
density to very faint images, and it cannot 
therefore greatly improve under-exposed nega- 
tives. 

Most intensifiers (except perhaps silver) 
increase the image grain. 

Chromium Intensification. Chromium intensi- 
fication consists of first bleaching the image, 
and then redeveloping it. Bleaching is carried 
out in a halogenizing bath containing potas- 
sium bichromate. 

Stock solution A 

Potuiium bichromate i ounce 12*5 grams 

Water to make 10 ounces 250 c.cm. 

Stock solution B 
Hydrochloric acid concen- 
trated 4 ounce 12-5 c.cm. 

Water to make 10 ounces 250 c.cm. 

The working solutions depend on the degree 
of intensification required as follows : 


CHROMIUM INTENSIFIERS PROPORTIONS 


Intensification 

A 

Proportions of 
B 

Water 

Slight 

... 10 parts 

10 parts 

5 parts 

Medium 

10 parts 

A parts 

1 1 parts 

Strong 

10 parts 

2 parts 

13 parts 


The negative is left in the working solution 
until it has bleached right through and turned 
yellow-buff. It is then rinsed in a 2-5 per cent 
potassium metabisulphite solution, until the 
yellow stain has completely disappeared. It is 
then rinsed in water and transferred to a 3 per 
cent borax solution. Finally, the negative is 
redeveloped in an ordinary (not fine grain) 
metol-hydroquinone developer. 

Mercury Intensification. In mercury intensifi- 
cation the image is first bleached and then 
darkened. 

The bleach consists of a 2-5 per cent mercuric 
chloride solution containing about 1 -5 per cent 
hydrochloric acid. After bleaching the negative 
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INTENSIFICATION. This consists of adding density to the image 
by chemical action, and usually increases also the over-all 
contrast of the negative. The density can only be added to 
existing image areas, not to clear parts. 


is rinsed in three or four successive baths of 
3 per cent hydrochloric acid (a few minutes in 
each), washed in water, and then treated with 
a suitable darkener. 

A number of chemicals are capable of 
darkening the image. Those below are arranged 
in order of increasing intensifying power: 

(1) A 10 per cent sodium sulphite solution. 

(2) A normal metol-hydroquioone or amidol 
developer. 

(3) 0-880 ammonia solution diluted 1 : 20. 

(4) A 2-5 per cent solution of sodium thio- 
antimoniate (Schlippe’s salt) containing 1 per 
cent ammonia. 

(5) A 1 -5 per cent sodium sulphide solution. 

(Both the mercuric chloride and the sodium 

thiosantimonate are intensely poisonous.) 

Mercury intensification is uncertain and it 
does not form a permanent image. 

Silver Intenaifier. This is really a physical 
developer used on the fixed film. It does not 
appreciably increase the negative grain. 

One of the earliest formulae was that of 
Wellington which used a mixture of silver 
nitrate, ammoniun thiocyanate, and hypo, with 
pyro to trigger the reaction. A more modern 
and cleaner formula is the following: 


Stock solution A 
Sodium sulphite, anhydrous 
Distilled water 

2 ounces 
40 ounces 

Stock solution B 
Silver nitrate 
Distilled water 

2 ounces 
40 ounces 

Stock solution C 

Sodium thiosulphate, crystals 

Distilled water 

4 ounces 
40 ounces 

Stock solution D 
Metol 

Sodium sulphite, anhydrous 
Distilled water 

140 grains 
68 grains 
40 ounces 


50 grams 
1.000 c.cm. 


50 grams 
1.000 ccm, 

100 grams 

1 .000 ccm. 

8 grams 
5 grams 

1.000 ccm. 


For use, stir 1 part of A slowly into 1 part of 
B and add 1 part of C. The white precipitate 


first formed should dissolve at this stage. Then 
stir in 4 parts of D. Immerse the negatives 
until sufficiently intensified, and then leave in a 
20 per cent plain fixing bath for about ten 
minutes before washing. The working solu- 
tion of the intensifier does not keep. 

Toning Intensiflers. It is possible to intensify 
a negative image by sulphide-toning it by the 
method used for toning prints. Here the 
intensifying effect is partly the result of turning 
the image yellow and thereby making it much 
more opaque to the active rays in the printing 
light. The toned image is permanent. 

Negatives can also be intensified in this way 
if the image is coloured by dye-toning it with a 
red dye, or by developing the bleached negative 
in a colour-coupling developer for red. 

Prints. Negative intensiflers like chromium 
and mercury, which actually add neutral image- 
density, can be made to work on prints. The 
results are, however, inferior, partly because 
the reducer usually has an effect on the image- 
colour, and partly because the print-image does 
not in any case offer much scope for intensifi- 
cation. Again, it is usually quicker to make a 
fresh print. 

Staining and similar chromatic intensiflers 
which intensify the negative by changing its 
colour and thus making it more opaque to 
actinic light, are used as print-toners, but not 
for intensifying prints. 

Certain toning processes themselves also 
intensify the original image. L.A.M. 

See also: Optical qftertreatment. 

Books: AU About Improving Negatives, by F. W. Frerk 
(London); Deve oping, by C. I. Jacobson (London). 

INTENSITY SCALE. Scale of exposures in 
which the steps differ in the intensity of the 
light received but not in the time of exposure— 
e.g., the scale resulting from exposing through 
a step wedge and not by subjecting each step 
to an increasing time of exposure at a constant 
intensity of illumination. This is the type of 
scale favoured for sensitometry. 

INTERFERENCE. As light is a wave motion 
the waves may be out of phase, with the 
“crests” of one set coinciding with the 
“troughs” of another from the same source. 
When this occurs, the light is extinguished. 
This most commonly occurs by reflection in a 
thin film; if its thickness is comparable with 
the wavelength of the light, light waves re- 
flected from the back may be out of phase with 
light reaching the front, and interference will 
occur. 

The anti-reflection coating of a lens produces 
an example of interference: the light rays 
reflected from the surface of the glass are out 
of phase with the rays reflected from the surface 
of the coating (the thickness of the coating is 
controlled to make this happen). The result is 
that the individual reflected rays cancel out and 
there is no reflection from the lens surface. 
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Interference commonly leads to the produc- 
tion of colours. If the light is initially white, 
only those wavelengths are extinguished for 
which the thickness of the film produces inter- 
ference, and the residual light is coloured. 
Newton’s rings are an example of this effect. 

Lippmann’s process for making colour 
photographs relies on stationary waves 
produced by interference. 

INTERIORS. Photographing the interior of a 
building has much in common with the photo- 
graphy of architecture in general. The aim is to 
produce an acceptable representation of the 
scene as it appears to the eye, with no violent 
or apparently false perspectives, no featureless 
shadows and no “burned out" highlights. 
Equipment. The most satisfactory apparatus, 
containing all the requisite movements, is the 
field or stand camera. Most of the modem 
4x5 ins. cameras are based on the original 
design of the early stand camera, including 
swing back (both vertical and horizontal) and 
the independent front with swing, rise and fall. 
These cameras are also usually fitted with a 
wide angle rack. Cameras without an adequate 
rising front impose definite limitations and it is 
nearly always better to use a camera possessing 
all the normal movements. 

A tripod which can be used up to a height of 
5 feet 10 ins., or any intermediary height down 
to 2 feet, is of inestimable value. The lower 
positions facilitate the photography of details 
on the sides of table tombs, font bases and 
similar subjects situated at low levels. 

When using roll film it is advisable to have 
three roll film holders. One should be devoted 
exclusively to interiors and very contrastive 
subjects, one for normal exteriors and similar 
well-lit subjects and the third for flat exteriors, 
tablets, ledger stones, and other shots lacking 
in contrast. Processing can then be adjusted to 
suit the particular requirements of each roll 
(e.g., for soft contrast subjects, increased 
development should be given). 

Two small pieces of lighted candle or a 
pocket torch are useful forjudging the extreme 
edge of the field where otherwise it would be 
too dark to f ocus visually. 

Viewpoint. For general interiors it is as well to 
use as distant a viewpoint as possible, and the 
longest focal length that will include the 
required area of the subject. Where the space 
is confined and it is necessary to use an extreme 
wide angle lens close to the subject, the view- 
point must be selected with great care or else 
the perspective will be so violent that the 
resulting photograph will look more like a 
tunnel than a room. 

The height of the camera is important: a low 
viewpoint gives a good ceiling or roof perspec- 
tive but foreshortens the floor and vice versa. 
When photographing a low cloister, for 
instance, where the interest is in the vaulted 
roof, a viewpoint about 2 feet from the floor 


with the lens well raised would show all the 
details in good perspective. Photographing this 
same view with the tripod extended and the lens 
below centre would produce a fine photograph 
of the floor, but the roof would be in such sharp 
perspective that its features would be lost. 

To obtain correct drawing without apprec- 
iable distortion, only the centre of the field of 
the lens should be used, therefore the longer the 
focus of the lens in relation to the plate the 
better. 

Lighting. Most interiors, with the exception 
of cinemas, theatres and other darkened 
buildings, can be photographed by natural 
lighting, but it is generally better to supplement 
it with some form of artificial light. 

Large interiors — e.g., of a theatre or cinema 
— call for either a battery of 500 watt floodlights, 
a number of flash bulbs ora really large dose of 
flash powder. Flash powder is cheaper than 
bulbs, but it is advisable to use it only where 
there is a good extractor fan to suck the 
resulting clouds of smoke from the building. 

Flash bulbs are the most convenient form of 
lighting, but for big buildings they are rather 
costly. Experienced workers often photograph 
large interiors by the light of consecutive flashes 
covering the whole field, but the flash position 
must be carefully chosen to prevent the result 
from looking patchy. 

Flood lamps have the advantage that they 
allow the final effect to be judged before expo- 
sure. Also, flood lamps can be tied to a pole 
and hoisted aloft in dark church roofs. A 
suitable power-supply is, however, necessary. 

Shops, showrooms and well lighted buildings 
can be satisfactorily photographed by their own 
lighting. Electronic flash is not as a rule power- 
ful enough for general interiors, but can be very 
useful for close-ups and details. 

When artificial light sources are used to 
supplement existing lighting or daylight, they 
must not be allowed to cast defined shadows, 
particularly when they are used to lighten up 
shadows in a photograph taken against the 
light. 

Professional photographers are of ten asked to 
take factory or school interiors without 
interrupting the normal activity of the people 
present. A reflex camera with a four-way swing 
front, a /4'5 lens and a fast panchromatic plate 
form an excellent combination for this type of 
work. With brightly lighted subjects of this 
type it is often possible to give an exposure of 
1/15 sec. at /II even when photographing 
against the source of light. 

Windows are difficult to reproduce by normal 
methods. If the exposure is long enough to 
show detail in the interior, it over-exposes the 
windows and reproduces them as blank areas 
of paper surrounded by halation. The trouble 
can be partly cured by using a backed plate, 
developing in a compensating developer and 
giving extra exposure to the highlights when 
enlarging by using cut-out masks. 
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Sometimes it is possible to set up the camera 
and make an exposure in daylight for the 
windows only, making a second exposure for 
the interior by artificial light after sunset. Where 
the camera can be left undisturbed for the 
required time, this is an excellent way of solving 
the problem. 

Setting Up. The camera is set up at the chosen 
viewpoint and adjusted to give a sharp image 
over the required depth of field, with all vertical 
lines parallel to the sides of the picture and all 
horizontal planes in satisfactory perspective. 
Where the camera has no camera movements, 
it may be necessary to accept some distortion 
which it may or may not be possible to correct 
during enlarging. 

Focusing. Focusing follows the pattern for 
normal photographs of architecture — that is, 
everything should be critically sharp (except 
when special effects are required). Particular 
attention should therefore be paid to depth of 
field, ensuring that the lens is stopped down 
sufficiently to render every plane in the subject 
sharp. 

When photographing interiors the vertical 
swing front is used more than when taking the 
outsides of buildings. Flights of stairs, for 
instance, call for vertical swing to bring the 
whole length inside the depth of field of the lens, 
while details of floors and roofs are much easier 
to record with the aid of this camera movement. 

The relatively poor lighting of interiors is apt 
to make focusing difficult. But it is quite easy 
to focus on a small electric torch, or even a 
candle flame held by an assistant or simply 
propped on a table or chair. 

When it is impossible for the photographer 
to get behind the camera to focus, the method 
of working is simple: he measures the distance 
from the subject to the position that the lens 
cap will occupy. Then he focuses on a piece of 
printed matter a similar distance from the lens 
cap, in a place where he can conveniently view 
the screen. The next step is to cap the lens, 
draw the slide, and put the camera into posi- 
tion. The subject is now sharply focused on the 
place without further adjustment. 

Sensitized Materials. As it is often desirable to 
give individual development, plates are pre- 
ferable, though cut films are equally satis- 
factory. With roll films and tank development 
control of gradation is confined to choice of 
developer and printing paper grade. 

With interiors in particular, it is unlikely that 
a roll film would give a series of negatives that 
would compare with the same subjects photo- 
graphed on a dozen plates and developed 
individually. 

Medium speed panchromatic plates are ideal 
because they have a fine grain and the contrast 
can be regulated by varying the length of 
development. They should, of course, have 
anti-halation backing. 

The best plate for architectural interiors is 
the double coated type consisting of a fast 


emulsion coated on a slow contrasty emulsion. 
These plates lend themselves to the abnormal 
contrasts so often encountered when photo- 
graphing the inside of buildings where light 
sources — windows or artificial lights — appear 
in the picture. 

Exposure. When photographing interiors, a 
photo-electric exposure meter can be mis- 
leading. Quite the best type of instrument is the 
photometer type of meter with its nanow 
acceptance angle which makes it possible to 
take an accurate reading on an isolated shadow. 
Extinction meters also will give most consistent 
readings and can be relied upon after a little 
experience has been gained in their manipula- 
tion. If, however, conditions are so dark that it 
is difficult to use the meter, no attempt should 
be made to persist; the adaptability of the 
human eye will inevitably lead to false readings 
under such conditions. 

Exposure tables or calculators are excellent 
for exteriors. 

With interiors the reading of any type of 
meter must be regarded as a guide and not an 
infallible indication. It is always safe to take 
the meter reading on the darkest part of the 
subject (the roof of the building or its darkest 
comer) and then multiply the exposure indicated 
by 3. When photographing details against a 
contrasting background — e.g., bronze statuary 
against white marble — the meter should be read 
close up to the subject to exclude the eff ect of 
the background. 

Stained glass windows can generally be well 
rendered by measuring the exposure necessary 
to photograph them from outside, and giving 
from 6 to 10 times this exposure inside. This 
generous exposure, followed by development 
curtailed to one-third the normal time for 
general interiors, will give excellent negatives. 

For dark woodwork detail it is practically 
impossible to over-expose, but great care must 
be taken in developing to avoid high contrast, 
otherwise the highlights will print white and 
the shadows black instead of in proportionate 
tones of grey. 

As a very rough guide for general interiors 
where the lighting is normal, using a medium 
speed material and a stop of / 32, an exposure 
of the order of 6 minutes is ample between 1 1 
and 3 p.m., from May till the end of August. 
Stained glass windows will call for an exposure 
of 4 to 10 seconds at /32, while church brasses 
and heraldic ledger stones found generally in 
dark places on the floor may need as much as 
15 minutes at/ 16. 

With architectural interiors, the old rule of 
exposing for the shadows and developing for 
the highlights will nearly always prove to be 
reliable. 

Development. Development calls for just as 
much care as exposure: the aim in the one case 
is to give enough exposure for the shadows to 
show detail, in the other case to give enough 
development to show detail in the highlights 
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but not so much that they become clogged and 
look “burned out” in the print. 

The sort of negative aimed at is one which 
will give a full scale of tones when printed on 
normal bromide paper. L.H.-F. 

See also: Architecture; Camera movements. 

INTERMITTENCY EFFECT. Phenomenon 
met with in sensitometry having reference to 
the fact that a large number of brief separate 
exposures do not produce the same effect on 
the sensitive material as the theoretically 
equivalent single exposure. 

INTERNATIONAL CANDLE. Basic unit of 
illumination; the light output of a spermaceti 
wax candle burning at the rate of 120 grains of 
wax per hour. 

See al so : Light units. 

INTERSECTION OF THIRDS. Popular art 
term decribing the division of the picture area 
into thirds by two horizontal and two vertical 
lines. The points where these lines cross have 
been claimed to be particularly suited for plac- 
ing the picture’s “centre of interest”. This 
recommendation means, of course, turning into 
an over-simplified positive assertion the truth 
that neither a strictly symmetrical position nor 
one near the edges is likely to be the best for 
most subjects 

See also: Composition; Golden section {secto aurea). 

INVERSE SQUARE LAW. When a surface is 
illuminated by a point source of light, the 
intensity of illumination produced is inversely 
proportional to the square of the distance 
separating them. 

This is the law of inverse squares; it is easier 
to understand from a practical example. If the 
distance between the light and the surface is 
doubled, the intensity of illumination is reduced 
to one quarter; at three times the distance, it is 
reduced' to one-ninth and so on. 

See also: Illumination. 

INVERTED TELEPHOTO LENS. Lens 
designed to have a short focal length but a 
relatively long back focus — i.e., a short focus 
lens which works at a relatively long distance 
from the plate. The construction consists of a 
group of diverging lenses followed by a con- 
verging group. 

Lenses of this type are used in one method 
of colour cinematography where room must be 
left between the lens and the film to accom- 
modate a prism system. 

See also: Wide angle lens. 

INVERT (INTAGLIO) HALF-TONE. Photo- 
mechanical reproduction process similar in 
some respects to photogravure. The image 
is etched into the cylinder to comparatively 
equal depth and the tones are produced by a 
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half-tone dot formation. The Dultgen process 
is a well-known form. 

INVISIBLE RAYS. Visible light forms only a 
small proportion of the range of electro- 
magnetic vibration. The whole range extends 
from radiations with a wavelength of several 
miles to those with a wavelength of less than a 
hundredth of an Angstrom unit (one ten- 
millionth of a millimetre). 

Over this immense range of radiations only 
a small fraction (from about 4,000 A to 
about 7,000 A — i.e., violet to red) is visible 
as light. Above and below the visible spectrum 
the radiations take the form of invisible rays. 
Below — i.e., longer than — the visible red rays 
there are infra-red, heat, and “wireless” waves, 
all of which are invisible. Above — i.e., shorter 
than — the visible violet rays, there are invisible 
ultra-violet rays, X-rays and gamma rays. 

Some of these forms of radiation — e g., the 
infra-red, ultra-violet, X- and gamma rays — 
although invisible, are able to produce a 
developable image in a photographic emulsion. 
Furthermore, these radiations all behave in 
characteristic ways which differ from visible 
light — e.g., X- and gamma rays will penetrate 
opaque objects, ultra-violet rays cause certain 
substances to fluoresce visibly, and Infra-red 
rays will penetrate fog and haze more readily 
thin visible light. Thus invisible rays can be 
utlized for certain types of photography that 
would not be possible with normal visible light. 


IODINE. Used in reducers and bleachers. 
Formula and molecular weight: I,; 254. 
Characteristics: Black crystals. Attacks 
rubber and cork, therefore keep in glass 
stoppered bottles. 

Solubility: Very slightly soluble in water, 
freely soluble in potassium iodide solutions, 
also in alcohol and ether. 

IRIS DIAPHRAGM. Standard type of adjust- 
able lens stop. It consists of a number of thin 
metal or vulcanite leaves arranged to form a 
roughly circular aperture. The aperture size can 
be varied by movement of a lever. 

See also: Diaphragms. 

IRIS MOUNT. Type of lens mount that 
stands out from the lens panel with the iris 
diaphragm adjustment well clear. 

See also: Lens mounts. 

IRON ALUM. Chemical used in some toners 
and reducers. Available as purple crystals 
which give a yellow solution. 

See also: Alum, Iron. 

IRON PRINTING PROCESSES. Various 
largely obsolete methods of making prints 
from negatives by the conversion of certain 
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ferric to ferrous salts on exposure to light. Same 
as iron salt processes. Blue prints are made by 
an iron printing process. 

IRON SALT PROCESSES. Photographic 
processes utilizing the action of light on ferric 
salts which are reduced to the corresponding 
ferrous salt. The latter acts as an intermediary 
in forming a visible image. Thus it can be con- 
verted into Prussian blue (blue print process) 
or used to reduce silver salts in the emulsion to 
silver (Kallitype and other iron-silver processes) 
or to reduce palladium or platinium salts 
(palladiotype and platinotype). 

In a variation of the blue print process (Pellet 
process) the iinexposed iron salts are converted 
into Prussian blue to form the image. 

Yet another type of iron salt process is based 
on insoluble coloured compounds formed by 
ferric salts with gallic or tannic acid (ferro- 
gallic and ferro-tannic process). 

See also: Fabric printing; Ferro-prussiote process; Obso- 
lete printing processes. 

IRRADIATION. Rays of light falling on the 
sensitive emulsion tend to be scattered by 
reflection from silver halide crystals as they 
travel through it. This scattering effect is called 
irradiation; it is caused by the physical struc- 
ture of the emulsion. 



IRRADIATION. The scattering of light by the grains in the 
emulsion causes the image to spread sideways from the directly 
exposed area, resulting in a diffused surround. 

The effect of irradiation is to spread the 
image and destroy definition — i.e., it lowers the 
resolving power of the emulsion and is one of 
the reasons why thick emulsions have a lower 
resolving power than thin. 

Irradiation increases the effect of halation — 
i.e., image spread caused by light rays scattered 
within the emulsion layer after reflection from 
the surface of the support. 

The effects of irradiation can be minimized 
by processing emulsions in a surface developer. 
In this way, the image is confined to the surface 
of the emulsion and spreads less severely. 

See also: Faults ; Flare; Ghost; Halation; Negative 
materials. 

ISENRING, JOHANN BAPTIST, 1796-1860. 
Swiss painter, engraver, daguerreotypist and 


photographer. In December, 1 839, Isenring 
produced daguerreotypes of his native town, 
St. Gallen, Switzerland, and early in 1840 
set up as portraitist. In 1841 opened a studio 
in Munich. He was one of the first to retouch 
and colour daguerreotypes. Biography by 
E. Stenger (Berlin 1931). 

ISOCHROMATIC. Term much usedatonetime 
to describe emulsions which were more or less 
sensitive to colours in proportion to their visual 
intensity. It covered many types of sensitized 
materials, some of which were sensitive to all 
colours, and some to only a part of the visible 
spectrum. It has now been dropped in favour 
of the more current classifications, ortho- 
chromatic and panchromatic. 

ISOTOPES. Atoms of an element having 
different atomic masses (i.e., different indivi- 
dual atomic weights). As long as they still 
have the same atomic number, they are chemi- 
cally the same element and behave like it in 
practically all respects. They cannot be 
separated by normal methods of chemical 
analysis but only by physical means which 
depend on atomic weights. For example, heavy 
hydrogen (atomic mass 2) is an isotope of 
ordinary hydrogen (atomic mass 1). 

Most elements have several natural isotopes. 
Artificial isotopes may be of photographic use 
as they are often radioactive. These are pro- 
duced in an atomic reactor and are available 
as a convenient source of gamma rays. They 
are used in industrial radiography for the non- 
destructive testing of welds and castings. 

See also : Gamma radiography. 

ITALY. Photography in Italy has roots which 
can be related to the sixteenth century. At 
that time, the camera obscura, the origin of 
which is very remote, was described by 
Leonardo da Vinci in the Codice Atlantico. 
Later, in 1 568, the Venetian nobleman, Daniello 
Barbaro, improved it by putting a lens where 
there had formerly been a small hole through 
which passed the rays forming the image. The 
scientist, G. B. della Porta of Naples described 
it in his book Magia Naturalis and as a result 
its invention was often wrongly attributed to 
him. Nevertheless his name has always been 
linked with the history of the camera obscura 
as he made it widely known. 

Earl; Photographers. In the early days of 
photography proper, daguerreotype were made 
in Italy, but few details are available as at the 
time Italy was split up into a number of small 
states and not united until 1 870. 

Already, about 1853, there were excellent 
photographers some using the collodion pro- 
cess, others albumen, among them Luigi Bardi 
in Florence, Ponti in Venice and Anderson in 
Rome— (the firm established by Anderson 
still exists today). At about this period, Robert 
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MacPherson worked with great success for 
some time in Rome. The Aiinari brothers 
established a considerable business in Florence 
towards the end of the last century, reproducing 
on collodion plates the principal works of 
painting and sculpture in Florence, Rome, the 
Vatican and elsewhere in Italy. At the begin- 
ning of the present century they opened a 
collotype establishment for printing three- 
colour reproductions of the principal paintings 
in Italy, which have been exported throughout 
the world. 

Italy has had some outstanding photo- 
graphers. Typical of these is Sella, who pro- 
duced excellent mountain studies on collodion 
plates with a telephoto lens. He was attached 
as official photographer to the Stella Polaris 
North Pole expedition and the Himalayan 
expedition to Karakorum (K2) led by the Duke 
of Abruzzi. 

Pesce of Naples had an excellent collection 
of historic cameras and lenses. 

Industry. Since the second World War, photo- 
graphy in Italy has made considerable pro- 
gress in all fields. The production of cameras, 
accessories and sensitive materials has kept 
pace with the increase in the number of pro- 
fessional and amateur photographers and of 
photographic societies. 

About twenty firms are engaged in the pro- 
duction of cameras, their total output being 
about 250,000 units per annum, valued at about 
1,400 million lire, of which about one-third 
are exported. The most popular negative size 
is the miniature, 24 x 36 mm., but a number of 
cameras are also made for 21 ins. square and 
21 x 31 ins. negatives. The greater part of the 
production of enlargers and photographic 
lighting equipment is in the hands of two films. 
Sub-standard cine projectors are manufactured 
in 8 mm. (silent) and 16 mm. (sound and 
silent), but cine cameras are not produced. 

Sensitive materials are manufactured by two 
large firms. They include plates, films and 
papers, both for normal photography and for 
radiography, the graphic arts and all scientific 
purposes. Colour film in both reversal and 
negative-positive emulsions is manufactured 
for both still photography and cinematography. 

The number of photographic dealers has 
greatly increased since the late war and now 
totals over 5,000. They are supplied by about 
thirty-five wholesalers. Very few of these 
dealers are now equipped to do their own finish- 
ing; they call on the services of numerous 
independent photo-finishers, some of whom are 
fully equipped for colour. 

Professional Training. Training in photo- 
graphy as a career is offered by state-authorized 
schools in Rome, Milan and Turin, which 
hold day and evening classes and issue certi- 
ficates of competence. However, no one wish- 
ing to set up m business as a photographer is 
required to produce evidence of his qualifi- 
cations or general education, but only needs 


1VE 

to fulfil certain formalities of an administrative 
character. There is no organization linking pro- 
fessional photographers together for technical 
or instructional purposes. 

The number of professional portrait photo- 
graphers has greatly decreased in recent years, 
while industrial, publicity, press and action 
photography has become correspondingly more 
popular. 

Amateur Clubs and Societies. The leading 
association of Italian photographers in the 
nineteenth century was the now defunct 
Societa Fotografica Italians (Italian Photo- 
graphic Society) of Florence. Its president was 
the late G. Pizzighelli, who was well known 
for his researches in photographic optics and 
platinum paper. The society with the largest 
membership today is the Society Fotografica 
Subalpina (Subalpina Photographic Society) of 
Turin, which also dates from the past century. 
In the past five or six years there has been a 
considerable increase in the number of societies 
throughout the country, which now exceed 
fifty, with an aggregate membership of over 
3,000. They are particularly active in the 
organization of exhibitions. A further increase 
is expected to accrue from the formation of 
photographic sections within the Circoli 
Ricreativi per i Lavoratori (Workers’ Recrea- 
tion Clubs) which have been formed for the 
employees of all the larger firms. The majority 
of photographic societies are affili ated to the 
Federazione Italiana Associazioni Foto- 
grafiche (Federation of Italian Photographic 
Associations). Two photographic societies 
broke away from the Federation with the 
declared aim of raising the standard of pictorial 
photography. One is now extremely active, 
especially in organizing exhibitions of members' 
work. 

The older-established societies generally have 
large premises for meetings, and equipment for 
still and sub-standard cine projection; some 
also have a completely equipped darkroom for 
the use of members. Owing to the high rents 
now prevailing, most of the more recently 
formed societies have no proper headquarters, 
meetings being held at caf6s and in members’ 
own homes. 

Publications. The following is a list of periodi- 
cals dealing with photography and sub-stan- 
dard cinematography. Except where otherwise 
stated, they are published monthly. Milan: 
Ferrania, Folografia (bi-monthly), II Progresso 
Fotografico ; Turin: II Corriere Fotografico, 
Vila Fotografica (quarterly); Vicenza: Rivista 
Fotografica Italiana ; Palermo: La Gazzetta 
della Folografia. A.O. 

IVES, FREDERIC EUGENE, 1856-1937. 
American printer. At eighteen, became official 
photographer of Cornell University. Later he 
turned to the development of photomechanical 
processes. He introduced many improvements 
in half-tone processes with a cross-line screen. 
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Published his three-colour process (composite 
heliochromy) and projected three-colour pic- 
tures with a triple lantern in 1 888. He designed 
the Photochromoscope camera (1891) for 
taking three-colour separations and the 
Kromskop (1892) for viewing the separa- 
tions in their natural colours; the Royal 
Photographic Society granted him their 
Progress Medal in 1903 for his work in colour 
photography. He improved the parallax stereo- 
gram process of stereophotography. Autobio- 
graphy : Philadelphia 1928. 

IVORYTYPE. Photographic positive in- 
tended to imitate a painting on ivory. The 


method of preparation (no longer practised) 
was as follows. A print on plain salted paper 
was stretched face up on a sheet of glass and 
coloured by hand. The print was then im- 
pregnated with wax, stripped from the glass 
and squeegeed face down on to a hot sheet of 
polished glass. The paper base, then translu- 
scent (owing to the wax), was finally backed 
up with white or ivory-tinted paper. 

The same name was sometimes applied to 
transparencies prepared by the Ebemeum 
process, which gave a similar effect. This 
method was more troublesome and never 
achieved the popularity of the Ivorytype. 

Sec also : Obsolete printing processes. 
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JANSSEN, PIERRE JULES CESAR, 1824- 
1907. French astrophysicist. Invented in 1874 
a “photographic revolver” with focal plane 
shutter for the chronophotographic study of 
the Venus transit. Photographed the sun in 
1877, the big comet of 1881 and sun spots in 
1885. Worked on solarization (1880) and found 
in 1881 the reciprocity law failure. Received 
the Progress Medal of the Royal Photographic 
Society in 1906 “for his eminent services to 
photography, especially in its applications to 
solar and spectroscopic investigations”. 

JAPAN. Photography is used extensively in 
Japan in science and industry, and besides its 
normal commercial applications, it also has a 
very strong amateur following. 

History. The first camera to be introduced into 
Japan was a daguerreotype apparatus brought 
through Dutch trade to Nagasaki in 1 840 at a 
time when Japan's foreign commerce was 
limited almost wholly to that with Holland. 
A Nagasaki chemist, Toshinojo Ueno, acquired 
this daguerreotype outfit and began a study of 
photography, and today he is considered the 
father of photography in Japan. 

Ueno’s photograph of the powerful feudal 
lord Prince Nariakira Shimazu taken on 1st 
June 1841, in Kagoshima in southern Kyushu, 
is recorded as the first in Japanese history. The 
use of the camera for portraits and scenic 
photographs spread rapidly among the Japan- 
ese, who displayed considerable skill in the 
new medium of art. A number of students of 
photography emerged from among the great 
feudal lords, including Prince Shimazu and other 
nobles and leading scholars of the day as well 
as from among the common people, many of 
whom in the early period had regarded the new 
instrument with superstitious fear. 

Photography spread in the various treaty 
ports and through the influence of the foreign 
residents until finally foreign trading firms and 
Japanese middlemen in Nagasaki and Yoko- 


hama began to deal in photographic supplies. 
Two major Japanese importers of photographic 
material were established by Tokichi Asanuma 
and Rokuemon Konishi, both of whom began 
as middlemen during this early period. 

The pioneers in professional photography in 
Japan were Renjo Shimooka, who began his 
work in Yokohama in 1862, and Hikoma 
Ueno, who opened his studio in Nagasaki in 
the same year. Subsequently eminent pupils 
of these two pioneers began to attract atten- 
tion, and with the advance of technical skill 
throughout the country photography deve- 
loped into a highly respected profession and 
art. 

During the Meiji Period (1868-1911) photo- 
graphic research organizations were established 
by the Englishman W. K, Burton, Kazumasa 
Ogawa, Seibei Kajima and others. 

This period saw the beginning of Japan’s 
photographic industry and the first appearance 
of photographic publications. Amateur photo- 
graphy spread rapidly, and the foundation for 
today’s popular and highly developed photo- 
graphic culture, industry and profession was 
established. S.U. 

Science. Photographic science and technical 
training have been incorporated in the curri- 
cula of such Japanese educational institutions 
as Kyoto and Chiba universities, where a 
photographic science department has been 
established. Tokyo Photographic Junior Col- 
lege has departments in photographic industry 
and photo-engraving, while the Chiba and 
Nihon universities offer motion picture 
courses. 

Three of the four major photographic equip- 
ment and supply manufacturing companies in 
Japan maintain independent research labora- 
tories, while the fourth has a research depart- 
ment There are more than 300 independent 
photographic research workers, among whom 
are a number of university professors and 
graduate students. 
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Only a few of the many camera manufactur- 
ing companies have their own research labora- 
tories and their staffs are relatively small. How- 
ever, the ability of the research workers in the 
lens-making companies and in universities is 
recognized throughout the world. 

The Society of Scientific Photography of 
Japan, established in 1926, and the Optical 
Science Section of the Society of Applied 
Physics of Japan, founded in 1952, have a 
total membership representing 90 per cent of 
the aforementioned scientists and research 
workers and regularly hold lectures, discus- 
sions and other meetings and publish perio- 
dicals. During 1954, over 150 research papers 
and reports on various aspects of photography 
were published. 

In assessing the comparative levels of 
Japan’s photographic science and technology, 
one can note that the quality of Japanese 
sensitive materials is the most highly advanced, 
followed by optical science. Cameras and 
accessories come third on the list. 

The war and the confused situation of the 
immediate post-war years were major handi- 
caps which hampered Japanese photographic 
rsearch workers and cut them off from activi- 
ties in foreign countries. However, various 
projects were undertaken. One group conducted 
a research into the reaction mechanism of 
chemical sensitizers and their adsorption to 
the silver halide surface by means of electro- 
chemical methods. 

Other groups sought to account theoretically 
for various anomalous effects of sensitizing. 
The research laboratory of one leading photo- 
graphic manufacturer conducted studies to 
explain the mechanism of latent image forma- 
tion and chemical sensitizing by experiments 
on the failure of the reciprocity law. Since 1941, 
research bas been carried out on the ripening 
inhibitor contained in photographic gelatin. 
Natural and artificial ripening inhibitors for 
bromide emulsion, including known and un- 
known constituents, were tested and more than 
130 inhibitors were synthesized. A part of these 
results was presented to the International Con- 
gress of Photography in 1953. Some excellent 
inhibitors were discovered by these researches — 
e-g., vitamin B, and penicillin G and their 
derivatives — and a convenient process was 
worked out for testing inhibiting power by the 
silver potential titration of the fog inhibitors. 

An electron microscope cinematograph film 
dealing with the change of silver salt under 
exposure was successfully made by the same 
research laboratory referred to above. An in- 
genious process for manufacturing silver halide 
emulsion continuously by mixing and over- 
flowing, followed by washing, was developed. 
Another firm introduced an improved process 
for manufacturing a new kind of printing paper 
in which polyvinyl alcohol is used as a vehicle 
instead of gelatin. This photographic paper has 
been placed on the market. S.F. 


Commerce and Industry. The Japanese camera 
manufacturing industry has made impressive 
advances in the post-war years. There has been 
a substantial increase in production and in 
exports. However, several difficult problems still 
exist. A major obstacle is the high production 
cost which can be reduced only by a renewal 
of the factory equipment and machines. In 
addition, the international market conditions 
have created critical problems for Japanese 
camera manufacturers seeking overseas 
markets. 

Japanese cameras, once cheap and unreliable, 
have made great progress and have now wiped 
out the poor reputation of the past. They are 
now being favourably received in foreign 
countries. This unfortunately has induced 
many inexperienced manufacturers from other 
industries to convert their facilities and enter 
the camera-making business, so that buyers 
need to be selective in their purchases. 

The photographic materials industry in 
Japan began with the manufacture of dry 
plates in 1888. Production on a commercial 
scale for paper and plates started in 1902 and 
for films in 1925. Today there are four com- 
panies with seven factories making sensitive 
materials. All types of sensitive materials are 
manufactured in Japan, and the total output 
ranks next to that of the United States, Great 
Britain and Germany. Production figures for 
1955 are estimated as follows: 7,500,000 
square metres of raw film, 14,500,000 square 
metres of photographic paper, 1,100,000 
dozens (cabinet size) dry plates, 1,700,000 
square metres of X-ray raw film, 5.000,000 
square metres of cinema raw film and 2,800,000 
squaremetres of roll and other raw film. 

The record export year for these products 
was in 1940, when 290,000 square metres of 
raw film, 2,000.000 square metres of photo- 
graphic paper and 900,000 dozens of cabinet- 
size dry plates were exported. There were no 
exports during the war, or during the post-war 
period until 1949. Today the major markets 
for these items include Hongkong, Formosa, 
South Korea, Okinawa, Central and South 
American countries, Africa, Thailand, the 
Philippines, India, Burma, Pakistan, Indonesia, 
Malaya and others, but the total exports have 
not reached the 1940 figures. 

The production of natural colour film and 
paper is also being undertaken on a commercial 
scale. There are three kinds of colour material 
on the Japanese market. Two are films which 
do not incorporate a colour coupler; these are 
used for motion picture photography. The 
third is a film that incorporates its own coupler. 

The manufacturing of film has been converted 
gradually to triacetate safety film, and from 
1955 the emulsions have mostly been coated 
on to safety film base. R.K.N. 

Amateur Photography. About 3 million people 
own cameras in Japan, and of these about 
60,000 are members of nearly 1,500 dubs, 
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societies and other amateur photographic 
organizations established throughout the 
country. Of these -organizations, there are 
eighty-eight amateur photographic clubs which 
have over one hundred members each, and 
twelve which have over 1,000 members each. 
The largest society is the All-Japan Association 
of Photographic Societies which has a mem- 
bership of about 10,000 and is sponsored by 
the newspaper Asahi Shimbun. This organiza- 
tion was established in 1926, and among its 
annual activities are the International Photo- 
graphic Salon and the All-Japan Photographic 
Salon. 

Photographic contests are held regularly 
and are extremely popular. Among the out- 
standing ones is the Fuji Photo Contest spon- 
sored by the Fuji Film Company, and in 1955 
this had nearly 114,000 entries. In Tokyo there 
is an average of seven photographic exhibitions 
every month. 

There are nine photographic magazines, of 
which the Asahi Camera, with a circulation of 
180,000, is the largest. The Asahi Camera, 
Camera Mainichi, and Sankei Camera are 
published by newspaper companies. In addi- 
tion, there are the Nippon Camera, ARS 
Camera, and other widely circulated photo- 
graphic magazines. ARS Camera, which was 
first published in 1921, is the oldest amateur 
photographic magazine in Japan. There are 
several photographic annuals, such as the 
Asahi Camera Annual, ARS Photographic 
Annual and others. Lectures and books are also 
widely published. 

Pictorial Photography. The carbon process was 
introduced into Japan about 1877 following 
research and experiments by Matsusaburo 
Yokoyama, but it was not widely adopted. 
However, after the introduction of gum prints 
and through exhibitions of foreign photo- 
graphy, from about 1894 Japanese photo- 
graphers began to take an increased interest in 
pictorial photography. 

With the establishment of the Tokyo Sha- 
shin Kenkukai and the Nihon Shashinkai 
(Photographic Society) in 1907, the trend 
toward pictorial photography became more 
marked. In 1915 a photographic course was 
included in the curriculum of the Tokyo Fine 
Arts School. In 1921 the magazine Photographic 
Arts was published. 

Until about 1925 the various photographic 
trends apparent in English photographic 
periodicals and annuals exerted considerable 
influence in Japan. This phase produced such 
pictorial photographers as Shinzo Fukuhara. 

The German trend of pictorial representation 
influenced Japanese photography from about 
1930, but only for a short time; otherwise the 
tradition remained unchanged. Following the 
Pacific War, the influence of American jour- 
nalistic photography with its emphasis on 
realism and humanism of the social scene 
became a major trend in the creative art and 


there was an increase of interest in workers 
like Ihee Kimura and Ken Domon, who are 
representative of the pictorial photographers of 
this period. 

The International Photographic Salon is the 
major photographic exhibition in Japan and is 
displayed in Tokyo and other cities; the 15th 
was held in 1955. Other important annual 
photographic exhibitions are the Japan Photo- 
graphic Salon, and the Japan Photographic 
Art Exhibitions. In addition, a large number of 
photographic collections are printed and pub- 
lished each year. S.K. 

JENA GLASS. Name for the optical glasses 
made in the Thuringian town of Jena. 

As photography developed during the last 
century, it started the search for glasses with a 
much lower dispersion in relation to refractive 
index than had previously been required for 
optical work. 

Glasses of this specification were first 
produced by Otto Schott and Emst Abbe, 
working together. They joined forces in 1 886 
with Carl Zeiss and with the backing of the 
Prussian government started the large scale 
manufacture of the new optical glasses at 
Jena. In a short time they gained almost a 
monopoly of the optical glass trade. The Jena 
factories continued to enjoy this monopoly until 
World War I. Since that time the optical glass 
industry developed in Great Britain has ended 
the exclusive supremacy of the Jena factories 
in that field. 

See also: Optical gLus. 

JENKINS, C FRANCIS, 1867-1934. American 
pioneer of cinematography. Founder and first 
President (1916) of the Society of Motion 
Picture Engineers. Designed in 1893-94 the 
Phantascope projector and camera with con- 
tinuous movement and optical compensation. 
Prolific inventor holding more than 300 
patents; in later years active in the field of 
radio and television. Autobiography: The 
Boyhood of an Inventor (1931). 

JEWELLERY. Photographs of real jewellery, 
as distinct from imitation or costume jewellery, 
fall into two distinct categories. Imitation 
jewellery is photographed for pictorial or cata- 
logue purposes only, so it is easier to deal with 
and presents no special technical difficulties. 
Such photographs are regularly handled by the 
ordinary general studio. 

Photographing real jewellery, because of its 
extreme value, is highly specialized work. 
There are many uses for such photographs, but 
it is a fairly limited market for photographers. 
First, because jewellery of this expensive class is 
also frail, jewellers are not very keen to let it be 
taken away from their premises. Most of the 
really important jewellers, in fact, have a photo- 
graphic department on the premises run by 
their own photographic staff. Some set aside a 
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room for the use of an outside photographer 
who may keep his own apparatus set up in 
position for use at any time. 

A knowledge of gemmology and the cry- 
stallography and structure of precious stones is 
a great advantage for the photographer. 

Jewellery in this category is photographed 
for many purposes apart from the pictorial and 
advertising interest. In one large firm all jewels 
that are regarded as important new creations 
are photographed so that the pictures may be 
Interchanged between the various branches all 
over the world, so that designs and trends may 
be maintained at a high standard. Albums of 
these photographs are kept in the show- 
rooms to assist clients in choosing designs 
around which their old and out-of-date jewellery 
can be remodelled. The photograph of the 
original jewel before remodelling can be of 
great assistance to the designer when making up 
the new design. Photographs are taken of 
these original jewels to keep a record of the 
stones before they are unmounted in case of 
any dispute afterwards. 

Important jewellers hold photographic 
records of all pieces of jewellery made by them 
to hand to the police in the event of loss or 
burglary. Photographs are also taken of large 
and specimen stones on offer in the London or 
other markets. These are then sent to overseas 
branches for the consideration of likely purcha- 
sers as it is not advisable to keep sending stones 
backwards and forwards unless something defin- 
ite is demanded. An X-ray photograph is some- 
times taken of a pearl where there is a doubt 
about its being cultured. The pattern on the 
film caused by the deflection of the rays shows 
at once whether it is genuine or not. Photomic- 
rographs taken of faults and inclusions enable 
a stone to be identified. Stones have actually 
been identified in a court of law by means of 
such a photograph taken years previously. A 
gem is often identified solely by photographs, 
and photography does provide a useful supple- 
ment to the normal records kept by the jeweller 
of each important stone. 

Photographs are taken from a number of 
angles, including plan, from behind, and side 
views. These photographs are printed the same 
size and attached to the record. Enlargements 
may be made to indicate precisely the position 
of flaws and surface imperfections, and in some 
cases photomicrographs are made of superficial 
irregularities with the stone immersed in oil. 
The oil, which is highly refractive, creates an 
intense black line around the edge of the stone, 
clearly outlining the shape of the indentation. 

Another photographic means of identifying 
stones is to record the pattern produced on a 
sensitive emulsion when a narrow pencil of 
light falls on the stone from a given angle. An 
extension of this method is to record the pat- 
tern of fluorescence produced by the diamonds 
in a piece of jewellery exposed to filtered ultra- 
violet light. 


Diamonds are sometimes coloured artificially 
by exposing them to the radiations of radium. 
Where this has been done, it can be detected by 
putting the diamond in contact with a photo- 
graphic plate in the dark for a period of several 
hours — if the stone has been radium treated, an 
image shows on the plate. X-ray records are 
also used to identify the details of the mount 
in which the gems are set. 

Jewellery designers make considerable use 
of photography for enlarging or reducing a de- 
sign, thereby saving themselves hours of work. 
Equipment. Jewellery is usually photographed 
same size — as it loses a certain amount of defin- 
ition and brilliance if enlarged. The best 
camera for this work is a 8 x 10 ins. process 
camera on rails mounted on trestles. A vertical 
easel covered with thick lino is used for pinning 
up jewels for photographing because they are 
displayed to better advantage hanging than 
lying flat. 

An 18 ins. process lens is used as it is 
essential to have a long focus lens to keep the 
camera well away from the jewels and so allow 
sufficient space between lens and easel for man- 
auvring the lights. A vertical set-up on the 
principle of a copying camera is also useful for 
jewels that have to be laid down flat. 

For general and perspective work, a whole 
plate stand camera with colour -corrected 
anastigmat lens is used. If it should be necess- 
ary to reduce the size of a jewel in taking the 
photograph, the amount of reduction is kept to 
the absolute minimum. 

Lighting. The most suitable type of illumina- 
tion is given by a floodlight with a general 
diffusing type of reflector, fitted with a 1500 
watt tungsten light. A pointed or concentrated 
light certainly does not give as good results. 

When lighting jewellery, the main source 
must always be supplemented with reflectors 
to fill in dark hollows in the stones which would 
otherwise debase their apparent quality. Small 
movable white reflectors on stands, adjustable 
white roller blinds on two sides opposite the 
light and a large white card reflector around 
the lens are used to highlight the reflecting sur- 
faces of the jewels. 

The main light source shines at an angle of 
45° on to the Bubject. 

Materials. Most coloured precious stones, 
such as emeralds, rubies and sapphires, repro- 
duce darker on orthochromatic emulsions; 
and stones are usually more valuable when the 
colour is deeper. For this reason ortho 
films are often preferred. But a panchromatic 
emulsion is used when a fault or inclusion is to 
be photographed. 

Colour transparencies of jewellery are made 
on reversal colour film, using tungsten light 
and a correction filter. It is usual for salesmen 
to take out 2x2 ins. colour slides and a 
viewer to avoid carrying too much jewellery. 
Background. The detail and beauty in stones 
is always more apparent when the background 
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is kept simple. A fine-grained linen paper — 
of a suitable shade — is generally all that is 
needed. 

To avoid shadows which may obscure the 
detail of the delicate mountings, the piece may 
be fixed to a sheet of glass with cellulose cement. 
The glass is then supported a few inches away 
from the background. 

The finished print is made on a brilliant 
black-and-white bromide paper and is always 
glazed to add sparkle. A.C.K. 

See also: Glaware; Silverware. 

JOHNSTON, JOHN DUDLEY, 1868-1955. 
English amateur photographer. Honorary 
Secretary, Curator and Editor of the Royal 
Photographic Society. A founder of the Photo- 
graphic Alliance of Great Britain and a well- 
known lecturer, exhibitor and selector. Presi- 
dent of the R.P.S. 1923-25 and 1929-31; 
received their Progress Medal in 1951. 

JOLY, JOHN, 1857-1933. Dublin professor. 
Was a pioneer in screen-plate colour photo- 
graphy. His linear screen-plate process (1893) 
was the forerunner of many other additive 
colour processes, such as the Thames, the 
Paget, and the Dufay plate and film , to men- 
tion but the more important. 

JONES, HENRY CHAPMAN, 1855(?)-1932. 
English chemist and photographer. President 
of the Royal Photographic Society, 1912-14. 
Instructor in, and writer of books on, photo- 
graphy. In 1901 introduced a sensitometer, 
under the name of the Chapman Jones Plate 
Tester, that was widely used by photographic 
manufacturers in England. It replaced the 
Wamerke sensitometer. 

JONES, LLOYD ANCILE, 1 884-1 954. Ameri- 
can physicist and electrical engineer. Joined 
the Research Laboratories of the Eastman 
Kodak Company on their establishment in 
1912 and worked there (later as Head of the 
Physics Division) until his retirement a fort- 
night before his death. Specialized in sensi- 
tometry and the measurement of the properties 
of photographic emulsions. Received in 1948 
the Progress Medal of the Royal Photographic 
Society “for his great and outstanding contri- 
butions to photographic science and practice, 
notably in the field of sensitometry”. 

JOULE. Unit of energy, equal to 10,000,000 
ergs, or 1 watt-second. It is named after J. P. 
Joule ( 1 8 1 8-89) who first formulated a mechan- 
ical equivalent of heat energy. In photography 
joules are used to measure the energy dis- 
charged in an electronic flash tube. In terms of 
light output of an electronic flash, 1 joule is 
approximately equivalent to 40 lumen-seconds. 

See also : Light units. 


JUDGES FOR EXHIBITIONS. Most photo- 
graphic exhibitions are judged by qualified 
persons having no direct interest in the organi- 
zationholding the exhibition. 

In Britain, the various area Federations of 
amateur photographic societies maintain panels 
of judges; these are listed collectively in a 
publication of the central body, the Photo- 
graphic Alliance. All of these judges are avail- 
able to affiliated societies. In some cases, 
specialists are listed for exhibitions devoted to 
particular subjects (e.g., nature photography). 

In other cases, it is common for well-known 
photographers, picture magazine editors, and 
artists to be invited to judge photographic 
exhibitions. Provided that the exhibition is of 
a reasonable standard and size, a courteous 
letter will frequently produce agreement to 
judge an exhibition; but adequate notice must 
alwayB be given. 

Invited judges sometimes prefer to have the 
exhibition entries sent to their home or office 
for selection; others may visit the organizers’ 
headquarters for the purpose. Always, how- 
ever, selection is carried out at least a few 
days before the exhibition is due to open so 
that the catalogue can be prepared and printed. 
Frequently the judge will also attend either the 
opening of the exhibition or a meeting at which 
a commentary on the prints is given and any 
lantern slide entries are projected. 

At all times, the decisions of the judge must 
be sincerely respected. 

JUDGING EXHIBITION ENTRIES. Every 
year thousands of photographs are submitted 
to pictorial photographic exhibitions by 
entrants who hope that their pictures will be 
considered good enough to be accepted for 
hanging. The experts chosen by the organizers 
to perform the task of selection are called 
judges (and sometimes also selectors, jurors, or 
critics). Their function is to consider the 
pictures submitted and select those which in 
their opinion possess the highest merits. 

The selection of a picture for hanging is not 
decided by the whim of the judge; there are a 
number of systems for arriving at a fair assess- 
ment of the merits of a print. There is usually 
a simple explanation for any apparent anoma- 
lies. For example, an entrant may have his 
picture accepted by one well-known exhibition 
and yet rejected by another. In such circum- 
stances he may quite well feel that the judges 
cannot be right in both cases and that he has a 
legitimate grievance. But he may not be com- 
peting against prints of the same standard on 
both occasions, and the best at one exhibition 
may be the second best at the other. 

The number of prints accepted varies from 
one exhibition to another. Any pictorial 
exhibition approved by the Royal Photo- 
graphic Society of Great Britain in this country, 
and by the Photographic Society of America 
in America displays all accepted prints so that 
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they can be properly seen by the general public. 
But the space available varies from large wall 
spaces in a first-class art gallery to compara- 
tively few screens in a small local hall. The 
organizers of the exhibition at their preliminary 
meeting have to weigh the space available for 
their final display against the total entry they 
are likely to receive and the proportion of this 
entry it is advisable or possible to hang. 

The average open international exhibition 
(“ open ” in this case meaning that the 
exhibition is not confined to members of a 
particular society or club) receives on the 
average from 500 to 1 ,000 entries from all over 
the world. Bigger exhibitions, like the Royal 
Photographic Society’s Annual Pictorial Exhi- 
bition and that of the London Salon of 
Photography, may receive anything from four 
to six thousand prints. As in neither of these 
cases will more than two or three hundred 
prints be hung in the gallery space available, 
the percentage of entries displayed is naturally 
small. Acceptance at such exhibitions is there- 
fore more highly prized. The average pro- 
vincial exhibition usually hangs one in three or 
one in four of the prints submitted, unless, as 
occasionally happens, the standard is unusually 
low. So it follows that a print rejected from 
the major salons may quite well be accepted in 
a less well-patronized exhibition. 

Sometimes there is only one judge, but 
generally a panel of judges makes the selection. 
A panel consists of an uneven number; say 
three, five, or occasionally seven, so that in a 
case of dispute they can return a majority 
verdict. 

A good judge must be an experienced critic, 
able to make up his mind quickly. He should 
be able to see at a glance whether a photograph 
shows evidence of original thought or is merely 
a slavish copy of somebody else’s previous 
exhibition success. And he should know what 
constitutes a generally accepted standard of 
good pictorial photography. The judge must 
also be free from prejudices against certain 
types of subject; he should be open to new ideas 
and not hide-bound by tradition. Even so, in 
the end much depends upon his personal taste 
in pictures. 

It is not always appreciated that judges give 
their time freely in return for nothing more 
than their out-of-pocket expenses, and there 
are not many experienced judges who have 
enough leisure to travel from one part of the 
country to another on this arduous work. 
The soundness of a judge can be proved only 
by the resulting exhibition and while it is not 
possible for the judge to please everybody, he 
soon loses his reputation if the majority of 
experienced photographers consistently dis- 
agrees with his selection. 

Amateur photographic organizations in 
some countries maintain lists of judges pre- 
pared to give their services free (excepting 
expenses). 
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The A, B and C Method. There are various 
methods of judging, but the most popular is 
what is known as the A, B and C method. 
Under this system there is open discussion 
between the members of the panel. The 
pictures are put up one by one in front of the 
panel and each member in turn classifies the 
picture as A, B or C. A signifies that they 
consider it well up to the standard required, 
B that it is not quite equal to the A standard, 
but is worthy of further consideration and 
discussion, and C that it is below standard. 
If with a panel of three there is one A and two 
B's, the print will go into the B category and 
come up for further consideration, whereas if 
there are two A’s and one B, the print will be 
classified as A. C prints are not generally 
viewed a second time. 

When the first round has been completed, 
the total number of A’s and B's is counted and 
if for example the organizers have a thousand 
entries and decide to hang two hundred and 
fifty pictures and there are only one hundred 
A's, then the B’s are gone through again and 
the best of these selected. If the total number 
of A’s and B's does not reach the desired 
number on this round, the organizers will have 
to put up with a smaller number, and this often 
happens. For example, the gallery accommo- 
dation may be sufficient for two hundred and 
fifty pictures, but the total A’s and B’s may 
not add up to more than two hundred. In 
such a case only two hundred pictures will be 
hung. 

Marking Method. Some judges prefer to allot 
marks, say from one to ten, to each print, 
according to their opinion of its merits. The 
total number of prints selected for the exhibi- 
tion is then made up by going down the list of 
each category and taking all the tens, then all 
the nines, and so on down until the total 
number desired is reached. The objection to 
such a system of judging is that it is impossible 
to attach numbers to abstract qualities with any 
degree of accuracy. 

Push Button Method. In the third system, 
known generally as Push Button judging, each 
judge has an electrical deviceconsisting of three 
push buttons, or a three-position switch for the 
A, B and C categories. The voting is done 
secretly and one judge does not know which 
way the others are voting. Those who advo- 
cate this method claim that it prevents any one 
judge from dominating the others, but those 
who oppose it say that it is fairer to the entrant 
to have a free discussion amongst the judges 
on the merits of the picture and that in any 
case a judge who allows himself to be domin- 
ated by others will not maintain his reputation 
very long. 

Points Method. Another idea that has been 
tried without much success has been to provide 
each picture with a sheet listing a large number 
of qualities to which the judges allot points. 
The various qualities may reach as many as 
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twenty and include among other things, 
technique, presentation, originality of ideas, 
composition, and emotional impact. With 
twenty such categories and a maximum of ten 
marks in each category, the ideal or perfect 
print would have a possible two hundred marks. 
The difficulty is that no one can dissociate the 
various qualities that go to make a good picture, 
or say that any one quality is more important 
than another. Finally, even if the judges were 
skilful enough to consider each print in this 
way, to do it conscientiously would take up 
too much time. 

Popular Vote. Occasionally attempts have 
been made to submit the judgement to popular 
vote, leaving the visitors to decide which prints 
are the best. The usual procedure is to give 
each visitor a form in which, for example, he 
is asked to place say the ten best prints in 
order of merit. Unfortunately in this as in 
many other branches of life the mere counting 
of heads does not produce wisdom. Certain 


types of pictures are “ sure-fire winners " in 
popular voting. Young and helpless looking 
kittens and puppies; children with their hands 
in jam-pots and with jam-covered faces; cats 
in baskets; kittens in boots; very small children 
dressed up in adult clothes ; in fact, any pictures 
with a highly sentimental or sugary appeal. 
Then there are certain conventions that the 
general public expects the photographer to 
observe. For example, the sharper the picture, 
the better; a broad treatment of tones, or any 
picture which faithfully reproduces the soft 
mistiness of evening light or early morning fog 
will be peered at closely and dismissed as 
“ not sharp.” 

No method of judging prints is perfect, but 
it is generally agreed that the A, B and C 
system is the best available and it has now 
been adopted for most of the exhibitions in 
this country and abroad. P.W.H. 

See also: Criticism of photographs; Exhibitions and 
salons; Judges for exhibitions; Visual appeal. 
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KALL1TYPE. Obsolete printing process, simi- 
lar to platinotype but forming an image in 
metallic silver instead of platinum. 

See also: Obsolete printing processes. 

KATAPOSITTVE, Positive printed on an 
opaque base to be viewed by reflected light as 
opposed to a diapositive which is printed on a 
transparent base to be viewed by transmitted 
light. The term is rarely used to-day. 

KEEPING QUALITIES OF MATERIALS. 
The length of time sensitive materials stay 
fresh depends on the storage conditions, the 
chemical properties of the support and the 
dyes used for colour sensitizing. 

Storage Conditions. Certain conditions make 
negative materials deteriorate rapidly: mois- 
ture or high atmospheric humidity, high 
temperatures and the presence in the atmos- 
phere of fumes and gases (e.g., sodium sul- 
phide, or fumes from burning fires) which 
react with the silver halide in the emulsion. 

Sensitized materials keep best in a cool, dry 
place, well away from smoke, fumes and vola- 
tile substances. Special precautions are re- 
quired in tropical and other extreme climatic 
conditions. The effects of unsuitable storage 
conditions on sensitized emulsions are loss of 
speed, sometimes with increase of contrast, 
increased fog level and mottling, streaks, and 
patches causal by the uneven action of damp, 
f umes or high temperature. 

Chemical Properties of the Support. Most 
emulsions lose speed when kept for any length 
of time. Plate materials suffer least; under 
normal conditions they may remain usable for 
many years. The cellulose nitrate films used for 
most roll films keep for a much shorter time, 
because the support tends to decompose. In 
decomposing, the cellulose nitrate gives off 
nitrogen peroxide fumes which often affect the 
emulsion characteristics and increase fog level. 
Nitrogen peroxide fumes also tend to destroy 


the latent image in exposed but undeveloped 
films. Cellulose acetate (safety base) films keep 
better than cellulose nitrate films. The paper 
base of printing papers has no adverse effect 
on keeping qualities, though these materials, 
too, lose speed and increase in contrast on 
storage. 

Sensitizing Dyes. In orthochromatic and pan- 
chromatic negative materials the sensitizing 
dyes tend to decompose very slowly. This 
lowers the speed and alters the colour sensi- 
tivity. In colour films of the multilayer type 
the decomposition of the sensitizing dyes may 
upset the colour balance. 

Ordinary roll films will keep their speed and 
general characteristics up to about two years 
from the date of manufacture, so long as they 
are properly stored. An expiry date is usually 
stamped on the film carton. 

Expiry Date. Film materials are generally still 
usable even after the expiry date, although they 
will not be as fast as when new. Special pre- 
cautions — e.g., using a developer improver — 
should, however, be taken when developing 
stale materials in order to keep down fog. 
Colour films are less likely to be usable if good 
colour rendering is required. 

The dyes used for sensitizing negative emul- 
sions to the more extreme infra-red radiations 
are very unstable and in consequence the 
material are usable only up to a few weeks 
from the date of sensitizing. Manufacturers 
often make such emulsions to special order 
only. Even then the films or plates may have 
to be stored with solid carbon dioxide at tem- 
peratures of around —80° C. to slow down the 
rate of deterioration. 

Because plates and printing papers keep 
better than films, expiry dates are not usually 
given for them. Papers especially keep well for 
several years if properly stored, and the loss of 
speed rarely matters. Here, too, special pre- 
cautions — e.g., use of developer improvers in 
the developer — are advisable when processing 
old material. 
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Some scientific materials have to be hyper- 
sensitized before use to give them the highest 
possible speed. Such hypersensitized materials 
will only retain their extra speed for a few days. 
After that time they lose their speed again, but 
increase in fog density. 

Exposed Materials. Long storage of materials 
after exposure and before development may par- 
tially destroy the latent image and thus reduce 
the effective speed of the emulsion. This applies 
particularly to high-speed emulsions. Exposed 
materials should therefore be developed as 
soon as possible. This is specially important 
with colour materials where a delay of develop- 
ment of more than two months may noticeably 
alter the results. L.A.M. 

See also: Chemicals; Exhaustion of solutions; Faults. 

KELLER-DORIAN, ALBERT, 1877-1924. 
French photo-engraver and manufacturer of 
textile embossing rollers. Pioneer of an additive 
three-colour cinematography process using 
lenticular films (with minute embossed lenses 
on one side of the film support, and with a 
panchromatic emulsion on the other). Through 
a three-colour filter separation of colours, 
images are formed in the emulsion, which are 
reversed in development; when projected with 
a similar filter they produce a picture in natural 
colours (1908). The Keller-Dorian process was 
improved by Berthon and became known as the 
K.D.B. process, the rights of which were 
acquired by the Eastman Kodak Company. 
They improved and marketed it in 1928 under 
the name Kodacolor. Another version was the 
Siemens-Berthon process and the Agf a amateur 
colour film. 

KELVIN DEGREES. Units on the absolute 
scale of temperature, numerically equal to 
degrees Centigrade plus 273. Named after 
W. T. Kelvin (1824-1907) and used for measur- 
ing colour temperatures of light sources. 

See also: Colour temperature. 

KENNETT, RICHARD, 1817-96. English 
amateur photographer. Produced and patented 
stable silver bromide gelatin pellicules in 1 873. 
These could be kept and, when swelled and 
melted in water, used to coat glass plates, thus 
replacing collodion. In 1874 he produced and 
sold dry silver bromide gelatin plates. 

KEPLER, JOHANNES, 1571-1630. German 
astronomer. Author of the inverse square law 
relating the intensity of light with the distance it 
travels from the source. Founder of modern 
optics by his book, Dioptrice, published in 
Augsburg, 1611. Enunciated the laws of 
planetary motion and was an early user of a 
camera obscura in the form of a revolving tent 
with a tube at the top, having a lens which 
rojected images on to the paper. Biography 
y D. Brewster (8th ed. 1 874). 
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KERR CELL. “Shutter” used in high speed 
photography consisting of a glass tank filled 
with a fluid which, in conjunction with a 
pair of polarizing screens, will allow light to 
pass through it when a high voltage is applied. 
This permits exposure times of less than 
1 / 1 ,000,000 second. 

KEY. A photograph can be an acceptable 
picture without including the whole of the tone 
scale from black to white that is usually present 
in photographs. The image may consist of 
only a few shades of grey selected from any 
part of the tone scale. 

If tones are taken from the lower end o( 
the scale the picture will be made up of black 
and a few shades of dark grey with only small 
areas of highlights. The general impressioc 
will be one of sombre gloom. An image of this 
type is said to be in a low key. 

If the image is formed by a few pale gre> 
tints and white paper, it will convey an im- 
pression of lightness and delicacy. Such a 
picture is said to be in a high key. 

The photographer may set out deliberately 
to restrict the number of tones in the final 
picture. He may wish to produce either a high 
or a low key picture to suit the special character 
of the subject. 

A true high or low key picture is produced 
by restricting the tones of the original image — 
i.e., by manipulation or selection of the lighting. 
A portrait of a fair-haired subject wearing 
light-toned clothing and photographed against 
a white background by soft lighting from the 
front will produce a high key picture without 
any departure from normal exposing and 
processing technique. The delicate atmosphere 
of such a picture cannot be imitated by taking 
an ordinary photograph and falsifying its tones 
in development or exposure or by any kind of 
aftertreatment of the print. 

In the same way, a true low key picture can 
be produced only as a result of low key lighting; 
it is not a print that has been deliberately 
over-exposed or over-developed. F.P. 

See also: High key; Low key. 

K-FILTERS. Colour filters made by dyeing 
gelatin with the dye Filter Yellow K. Once 
necessary with early pan and ortho materials. 

KILO. Prefix signifying a thousand in the 
metric system — e.g., kilogram, kilometre. 
Seldom needed in photography. 

See also: Weights and measures. 

KILOWATT. One thousand watts. Sometimes 
a more convenient practical unit of electrical 
power than the watt. 

KILOWATT HOUR. Commercial unit of 
electricity consumption; the amount of power 
used in one hour by an apparatus rated at 
1,000 watts or one kilowatt. 
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KINEMATOGRAPH. (Greek, kinema = 
movement.) More correct, but less common, 
term for cinematograph. 

KIRCHER, ATHANASIUS, 1601-flO. 
German mathematician and scholar. Gave 
descriptions of the camera obscura, magic 
lanterns and other optical instruments. Is often 
named (erroneously) as the inventor of the 
optical lantern. 

KITES. Cameras suspended from kites have 
been used for taking aerial photographs of the 
ground. A series of exposures may be made 
automatically by a clockwork mechanism 
which transports the film and sets the shutter, 
or a single exposure may be made by setting a 
clockwork or wind-driven delay mechanism 
before the flight. The technique is similar to 
that used in photographing from captive 
balloons. 

Seeslao : Balloons and kins, 

KLIC, KAREL, 1841-1926. Czech painter and 
newspaper artist Creator of modern photo- 
gravure; he combined the use of the half-tone 
screen, carbon tissue, aquatint grain and iron 
chloride etchants (1879). Also introduced 
rotogravure— the process of printing intaglio 
cross-line screen images from cylinders on high- 
speed rotary presses (1895). Biography Karl 
KJielsch by K. Albert (Vienna 1927). 

KNIFING. Removal of opaque blemishes 
from a negative or print by scraping with a 
knife. The action of knifing actually removes 
fine layers of emulsion until the density has 
been reduced by the required amount. 

See also: Retouching. 

KOBELL, FRANZ VON, 1803-75. German 
mineralogist. Professor at University of 
Munich. He and Steinheil were the first in 
Germany (1839), to make paper negatives by 
their own process, similar to Talbot’s. Also 
made photomicrographs at an early date and 
invented the galvanographic (non-photo- 
graphic) reproduction of paintings in 1840. 
Biography by A. Dreyer (Munich 1904). 

KODACHROME. Pioneer subtractive process 
of colour photography introduced by Kodak 
in 1935. It makes use of an integral tripack in 
which the emulsions contain no colour formers 
but are subjected to individual dye develop- 
ment. It is available for still and motion picture 
photography bur in each case it must be 
returned to the maker for processing. 

See aleo : Colour history. 

KODACOLOR. Originally an additive method 
of producing colour photographs with the aid 
of a lenticular screen embossed on the front of 
the film. It was first made available commer- 


cially in 1928 on 16 mm. cine film. The name is 
now applied to a negative-positive process for 
making subtractive colour prints. 

Se« also: Cine history ; Colour history. 

KODAK. Trade name of Kodak Limited, 
coined by George Eastman, founder of the 
organization, in 1888 and first registered in 
Great Britain on May 3rd, 1888, then in the 
United States on September 4th, 1888, and 
subsequently in many other countries. It was 
first used in connexion with Eastman's original 
box-type camera. Eastman was determined 
to adopt a trade mark that could not be mis- 
spelled or mispronounced, in any language, or 
infringed or copied by anyone. He wanted a 
strong word that could be registered and that 
everyone could remember and associate with 
the products of his manufacture. He based it 
on the letter K, which attracted him because it 
was “ firm and unyielding ” and easily pro- 
nounced, and by a process of association and 
elimination he arrived at the word Kodak. It 
is nowadays often, but wrongly, applied in 
describing any basic-type snapshot camera, 
irrespective of its origin. 

See else : Camera history. 

KODALK. Proprietary alkali of the sodium 
metaborate type used in developers. 

Characteristics: White crystalline powder. 

Solubility: Freely soluble in water at room 
temperature. 

KONIG, ERNST, 1869-1924. German dye- 
chemist. Producer of many sensitizers of which 
orthochrome, pinaverdol, pinachrome and 
others have played an immensely valuable part 
in ortho- and panchromatic photography (from 
1904), and the di- and tri-carbocyanines (1923) 
have extended the sensitivity into the extreme 
red and near infra-red. Pure filter dyes were 
also produced by Kbnig and he also investi- 
gated the desensitizers discovered by Liippo- 
Cramer. He invented pinachromy by leuco 
bases, and was author of a number of books on 
colour photography. 

KOSTINSKY EFFECT. Phenomenon of de- 
velopment resulting in the shifting of the 
relative position of two image points situated 
very close to each other. The shift is the result 
of the change in the concentration of active — 
or exhausted — developer ingredients imme- 
diately between the points. 

Where two heavily exposed point images are 
developing in a solution without agitation, 
they rapidly exhaust the developer in contact 
with them. When that happens, they depend 
for further increase in density on the fresh 
solution that diffuses from the emulsion around 
them. If the points are close together, the solu- 
tion in between them becomes exhausted at a 
very early stage and development ceases where 
the points are closest. 
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K0ST1NSKY EFFECT. Developer between closely spaced heavy 
image points gets exhausted and under-develops areas closest 
to each other, so that image points appear to move apart. The 
opposite occurs with clear spots on a dark ground. 

On the outside of each point, however, the 
images can go on developing because a supply 
of fresh developer is constantly diff using through 
the emulsion from unexposed areas to take the 
place of the exhausted solution. 

The result of this selective action is that the 
nearer borders of each point stop developing 
while the outer borders continue, so the reg- 
ions of maximum density move away from 
each other and the point images appear farther 
apart than they would have done if development 
had been even all over. 

The opposite effect occurs when the nega- 
tive image consists of clear spots on a dense 
ground. In this case, the solution lying imme- 
diately between the points becomes exhausted 
and fresh solution diffuses inwards from the 
clear spots. The supply is limited, however, 
and the demands of the heavily exposed space 
between the points is great. So the adjacent 
borders of the image points cannot get enough 
fresh developer to satisfy their needs, and the 
margins remain clear instead of developing to 


a visible density. The demands for fresh solu- 
tion at the outer edges of the spots are only 
about half as great, so the image develops at 
full strength right up to the edge. The net effect 
of all this is that the clear spots grow on their 
nearer borders and so appear closer. 

Image movements of this type cause errors 
in certain scientific measurements based on 
photography and produce distortion of the 
sound record in cinematography. F.P. 

See also : Eberhard effect. 

KROMSKOP. Instrument (invented by F. E. 
Ives) for viewing monochrome colour separ- 
ation transparencies through a system of 
mirrors and colour filters to produce a natural 
colour picture by additive synthesis. The 
mirrors were arranged so that the images of the 
separation transparencies were all combined 
in register. The transparencies were illuminated 
by a single source and the stereosopic colour 
image viewed through eyepiece lenses. 

KRONE, HERMANN, 1827-1916. German 
photographer and professor at Dresden. 
Made the first daguerreotypes of shooting stars 
in 1847. Investigated multiple solarization in 
1851. Experimented with silver bromid*-silver 
iodide collodion emulsions in 1 856. Later used 
Taupenot’s albumen process and experimented 
with the Lippmann colour process. Well known 
as photographer and publisher of beautiful 
landscape, portrait and stereo pictures. 

Kl)HN, HEINRICH, 1868-1944. Austrian 
pictorialist. Notable for his multiple gum- 
bichromate prints, glue prints and for his 
syngraphy, a process for the simultaneous 
production of negatives having different 
gradations. 
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LABELS. Made-up chemicals are usually well 
enough labelled by the manufacturer for the 
label to remain readable throughout the life 
of the contents. But trouble arises with bottles 
containing stock solutions. These are handled 
more than most bottles — often with wet hands 
— and the inevitable dribbles of solution soon 
discolour and loosen ordinary gummed labels. 

The two essentials for such labels are that 
they should be clear and be proofed against 
wet solutions so that they will stay clear. The 
label should be boldly printed on white paper 
in ordinary draughtsman's waterproof indian 
ink. It can then be made solution-proof, in 
one of two ways. 

For a temporary job, the label should be 
held in place with transparent cellulose 
adhesive tape. The tape should cover the 
whole label and overlap generously on to the 
bottle all round so that dribbles of solution 
cannot get at the label. This method is useful 
for labels that cany the date of making up; 
it is easy to strip off and renew. 

Permanent labels are best attached with a 
fairly thick solution of celluloid in amyl 
acetate — made by shredding old film, cleaned 
of its emulsion, into the solvent and leaving it 
for a day or two. The bottle should be 
polished clean and dry, and then given a coat 
of the celluloid varnish. When this coat is 
dry, the back of the label is brushed with the 
varnish and pressed on to the bottle. After 
half an hour, the front of the label and the 
side of the bottle for half an inch around are 
coated with the varnish. This makes a per- 
manent label which will withstand handling, 
solutions, and washing in cold water. It will 
stand up to hot water long enough to allow 
the bottle to be washed out. 

Perspex dissolved in chloroform or ethyl 
acetate makes an even harder and more water 
repellant coating. 

Another temporary label can be made by 
writing on the glass with one of the special 
pencils sold for the purpose, and covering the 


letters with cellulose tape. Glass writing inks 
are also available from laboratory suppliers 
in various colours (including white for dark 
bottles). They will not wash off and can be 
removed only by hard scrubbing. 

But no matter what system is used, the 
solution should be labelled right away to 
avoid mistakes. Relying on memory is bound to 
lead to errors. 

It is a good plan to mark bottles with labels 
cut to a distinctive shape — e.g., round for 
negative developer, triangular for fixer, long 
and narrow for paper developer. As soon as 
the shapes become familiar, it is no longer 
necessary to read the label. This can be useful 
when working only by the illumination of a 
safelight. 

Another valuable aid to quick and certain 
recognition is to store the various processing 
solutions in bottles of different shapes and 
sizes. This may produce an untidy array of 
bottles on the shelf, but it makes the solutions 
so much easier to recognize by sight, and it is 
the only way of recognizing them by touch in 
the dark. 

Anyone who keeps many small objects such 
as nails, screws, etc., in boxes, will do better 
to place a sample of each kind on a sheet of 
bromide paper under the enlarger and make a 
silhouette print, than to use a label bearing a 
laborious description of the contents. The 
location of the desired object is greatly facili- 
tated by such a pictorial label; a written 
description does not catch the eye nearly so 
easily during a hasty search. F.P. 

LAINER, ALEXANDER, 1858-1923. Aus- 
trian chemist, professor at Salzburg and Vienna. 
Recommended in 1889 (independently of M. 
Andresen) the acid fixing bath for the removal 
of fog. Worked on platinum prints and dis- 
covered in 1896 the Lainer effect (acceleration 
of developer action by potassium iodide). 
Established (1900) in Vienna a dry plate and 
paper factory (later Herlango). 
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LAMBERT. Unit of brightness applied to 
the measurement of the luminosity of illumin- 
ated surfaces and of incandescent bodies. One 
lambert is equal to a rate of light emission or 
reflection of one lumen per square centimetre — 
i.e., 10,000 lumens per square metre. 

In scientific work the brightness of a surface 
is expressed by a measure of the light emitted 
or reflected by it, and termed its luminance in 
terms of its luminous intensity per unit area 
(candles per square inch). 

See alio: Light units. 

LAMP CAPS AND FITTINGS. When 
ordering or replacing lamps for use in photo- 
graphic lighting or apparatus, the photographer 
needs to know certain details of construction to 
avoid mistakes. 

There are British Standard Specifications 
dealing with the basic types of electric lamp. 
Most lamp manufacturers list these standard 
types under various trade code descriptions, 
and most also manufacture non-standardized 
types for special purposes. 

When ordering ordinary tungsten filament 
lamps for any purpose, the minimum essential 
data to be given are: voltage watts consump- 
tion, type of glass envelope — i.e., clear, frosted 
or opal — and type of cap. 

When ordering other types.— e.g., projector 
bulbs, studio spotlights, fluorescent and vapour 
discharge lamps, and flash bulbs and tubes — it 
may be necessary to state further particulars — 
e.g., A.C. or D.C. supply, and the maker’s 
code description. 

Both electric incandescent and flash bulbs 
are fitted with caps that allow them to be 
secured in a lampholder and connected to the 
electricity supply. These caps differ in both 
design and size. The following descriptions 
cover the lamp caps most used in photography, 
but there are many others which are used less 
often for specialized applications. 

In addition to the different types of cap 
connexions listed below, various adaptors are 
made to enable one type of cap to be used in a 
socket of diff erent type. 


Bayonet Capa. The bayonet type of cap is 
pushed straight into the socket and turned 
clockwise to secure it, two studs on the body 
of the cap engaging with shaped slots in the 
socket. 

There are two no rmal double contact sizes — 
the large double contact bayonet cap (B.C.) 
and a smaller double contact version (S.B.C.). 
The filament in B.C. and S.B.C. lamps is con- 
nected to two insulated contacts on the base of 
the socket. 

Single contact lamps have a single central 
contact and the circuit is completed through 
the wall of the cap itself. There are single 
centre contact versions of the large cap (C.C.) 
and the small (S.C.C.). There is also a minia- 
ture centre contact cap (M.C.C.). 

The B.C. is used in Great Britain (but not in 
America) for domestic and some photographic 
lamps of relatively low consumption (up to 
ISO watts). The smaller type of cap is used in 
flash bulbs, motor car lamps and in instrument 
lighting circuits. The miniature cap is used on 
pilot and indicator lamps. 

In the U.S.A. the S.B.C. and S.C.C. caps 
are also known as double contact bayonet 
candelabra (D.C. Bay.) and single contact 
bayonet candelabra (S.C. Bay.) respectively. 
Screw Caps. There are four common types of 
screw cap, the miniature Edison screw (M.E.S.), 
the small Edison screw (S.E.S.), the Edison 
screw (E.S.).and Goliath Edison screw (G.E.S.). 
The M.E.S. cap is used on flashlamp bulbs, 
pilot and indicator lights; the S.E.S. on miners’ 
handlamp bulbs; the E.S. cap for all domestic 
lamps in America, for large flash bulbs and for 
various lamps of the order of 200 watts in 
Great Britain, and the G.E.S. cap for lamps of 
up to 1 ,500 watts. In addition, there is a very 
small cap which is used for flash unit test 
lights and various types of indicator. 

American equivalents of S.E.S., E.S. and 
G.E.S. caps are candelabra (Cand.), medium 
screw (Med.) and Mogul (Mog.) respectively. 
Prefocns Caps. Where the filament of the lamp 
must always be at a fixed distance and position 
in relation to the base of the support (as in 



LAMPCAPS.Ai giant idison screw (G.E.S.). B. Edison screw (E.S.). C, double bayonet cap (B.C.). D, imo// centre contact bayonet 
cap (S.C.C.). E, t/ire.-p/n bayonet cap. F, mogul prefocus. G. medium prefocus ( P.F . ). H, double contact prefocus ( motor c ar head- 
light type). I, two pin. J, double contact prefocus with slotted flange. K, bipost. 
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BUI A SHAPES. Approximately 1/6 natural she. A, class £ projector lamp (for use with epidiascopes end spotlights ). B, wide tube 
class Al projector lamp (for use In lantern slide and similar projectors). C, narrow tube class A I projector lamp (for cine and 
miniature projectors). D, flood lamp. E, high power studio lamp. F, household lamp. 


projection lamps) the bulb is fitted with a 
special type of bayonet cap known as a pre- 
focus cap. There are several types of prefocus 
cap varying in the method of engaging the 
contacts and positioning the filament. Three 
caps are used in photographic projectors. 

In the first and moat usual type there is a 
single centre contact and the lamp is held in 


the socket by a pair of flanged projections 
which engage with corresponding slots in the 
socket and fix the height of the filament in 
relation to the base. There are two sues of 
prefocus cap of this type, the large prefocus 
and the medium prefocus. 

American designations are Mogul prefocus 
(Mg. Pf.) and medium prefocus (Md. Pf.). 


LAMP CAP DATA 


Type of Cap 

Contacts 

Abbreviation BS. 

Diameter of 

Uses 


Britain 

USA. Designation 

Barrel (mm.) 


Glass 

Two 

Capless 

AG — 



Flash bulbs (British and American type 


wires 




different) 

Bayonet 

Double 

B.C. 

B22 

22 

Domestic and all normal types of 

contact 




tungsten filament lighting up to 150 
watzs 


Bayonet 

Centre 

contact 

c.c. 

B.ru 

22 

Double cap tubular vacuum lamps 

Small bayonet 

Double 

S.B.C. 

O.C. B.y. B.I5d 

15 

Motor-car side and rear lamps, instrument 
lighting. Flash bulbs and exciter lamps 






for 35 mm. projectors (S.C.C. only) 

Small bayonet 

Centre 

contact 

S.C.C. 

S.C. Bay. B.ISi 

15 


Miniature 

Centre 

M.C.C. 

Min. Bey. B.9s 

9 

Pilot indicator lights 

bayonet 

contact 




3-pln bayonet 

Double 

contact 

3-pln B.C. 

B.22m 

22 

Mercury, sodium, etc., vapour dlacharg e 
bulbs with choke connected in circuit 

3-pln bayonet 

Centre 

contact 

3-pln C.C. 

B.2la 

21 


Goliath Edlaon 

Centre 

G.E.S. 

Mof. E.40 

40 

Tungsten flood lights and vapour dls- 

Screw 

contact 



charge lamps up to 1,000 wans 

Medium Edlaon 

Centre 

E.S. 

Med. E^7 

25 

Tungsten and projector lamps up to 250 

Soew 

contact 




watts. Large flash bulbs 

Small Edlaon 

Centre 

S.E.S. 

Ctnd. E.I4 

14 

Miner's lamps and similar portable 

Screw 

contact 




battery lamps 

Miniature 

Centre 

M.E.S. 

E.IO 

10 

Pilot and indicator lights 

Edlaon Screw 

contact 





Blpaot 

2-pln 


Md. Blp. 

— 

Studio spotlights up to 5 kW. (distance 
between centres of pin — l| In. and f In.) 

Prefocua 

Single 


M*. Pf. P.40 

40 

Projectors 

large 

contact 





Prefocus 

Single 


Md. Pf. P.2B 

2B 

Motor-ar headlamps 

medium 

contact 





Prefocua disc 

Single or 


P.22*, or d. 

22 

•• 


double contact 




Prduoii disc 



S.C. Pr.f. P.I5s. or d. 

15 

Projectors, exciter lamps and motor-car 


double contact 

or 


headlamps 




D.C. Prof. 


Bl-pin 

Double 


024 

3S \ 

Fluorescent tubes. Dimensions refer to 

contact 



m 

barrel diameter. Pin spacing — 13 mm. 
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A second type with double or single contacts 
aDd smaller than the above, has a circular 
locating flange or disc with a single cut away 
portion which engages with a projecting key 
in the lamp socket. This type is principally 
used in motor car headlamps. 

The third and smallest prefocus cap is sur- 
rounded by a circular flange in which there are 
three elongated tapering holes; these lock with 
a bayonet action over three corresponding studs 
on the face of the socket. This type also has a 
double or single contact cap (D.C. Pref. and 
S.C. Pref. respectively in America) and is most- 
ly used in some sound projector exciter lamps. 
Bipost Fitting. A special type of two-pin cap is 
used for heavy current lamps in film studio 
work. These caps, of which there are two com- 
mon sizes, have contacts formed by two metal 
posts which are continued inside the lamp as the 
filament supports. Lamps of this type will carry 
currents up to 10 kW. 

Special Caps. In addition to the above types of 
cap, there are a number of special fittings used 
on lamps which have a more limited applica- 
tion in photography. 

There are several types of fitting for double 
ended tubular filament lamps — some have an 
insulated centre contact cap at each end, others 
have plain metal caps which also form the 
contacts. A third type of “straight light” 
tubular lamp fitting consists of metal posts 
projecting from the back of the tube 38 mm. 
from each end. This arrangement is adopted 
so that when the tube is in position in the 
appropriate type of socket, the contacts and 
sockets cannot be seen from the front. 

Tubular fluorescent lamps are made with 
two different types of end fitting. Bi-pin (up to 
4 feet) and B C. (8 feet). 

Pear-shaped fluorescent and vapour dis- 
charge lamps have a three-pin bayonet cap 
which prevents them from being accidentally 
plugged into an ordinary tungsten lamp holder. 
This is necessary because fluorescent lamps 
must be connected to the supply through a 
choke; if a vapour discharge lamp could be 
plugged into an ordinary supply point it would 
short circuit the supply and almost certainly 
destroy the tube. Sodium vapour discharge 
lamps are fitted with ceramic bayonet caps. 

Flash bulb caps may be either of the S.C.C. 
bayonet type (in the smaller sizes) or E.S. type 
(larger sizes). Modern miniature flash bulbs 
often carry no cap at all, contact being made 
directly with the two wires entering the base of 
the glass bulb. 

Electronic flash tubes have caps corres- 
ponding to radio valves — e.g., 4-pin, Octal or 
UX — or in some cases the tube may be supplied 
with soldering tags only. 

Lamp Socket Adaptors. The lamp socket is 
normally part of the apparatus in which the 
lamp is used, and there are naturally sockets 
corresponding to all the types of lamp cap 
described above. As a general rule any lamp 


plugged into a particular socket should have a 
cap that corresponds with it, and the differences 
in shape and size do in fact ensure this. How- 
ever, there are adaptors which enable one type 
of lamp cap to be plugged into another type 
of socket. Such adaptors are always of a type 
that will permit a lamp to be plugged into a 
socket designed f or one of higher consumption, 
never the other way round. (If a low power 
socket were adapted to take a high power lamp, 
the fuse would blow when the lamp was switched 
on.) The only exception to this rule applies to 
adaptors for flash bulbs. In this case there is no 
objection to the use of a large bulb in a small 
socket, and suitable adaptors are available for 
making all sizes of flash bulb and socket com- 
pletely interchangeable. 

The most useful lamp socket adaptors are 
the G.E.S. to E.S., the G.E.S. to B.C., the 
E.S. to B.C. and the B.C. to E.S. In addition, 
for flash bulbs, there are E.S. to S.C.C. and 
S.C.C. to E.S., as well as capless to S.C.C. 
Lamp Shapes. The shape of the glass envelope 
surrounding the light source varies according to 
the function of the lamp and the disposition and 
loading of the filament. As far as possible, the 
glass is kept well away from the filament to 
keep its temperature down. This is the reason 
for the pear shape of the normal type of elec- 
tric light bulb as used in domestic lighting, 
photographic flood lighting, enlargers, and 
similar situations where there are no other 
factors to dictate another shape. 

Fluorescent and cold cathode lamps give off 
very little heat and can therefore take the 
shape of a narrow tube. 

The mercury and sodium vapour type of dis- 
charge lamp may also be tubular, but in this 
case the narrow tube containing the vapour is 
generally surrounded by a larger glass en- 
velope. The space between the two is evacuated 
to prevent loss of hea f rom the inner tube and 
thus ma'ntain the lamp at a more efficient 
working temperature. 

Tubular lamps may be either single or double 
ended — i.e., they may have both contacts at 
one end, or one at each. Generally such lamps 
are double ended because a socket at each end 
gives a more secure mounting. Light sources 
of this type may be manufactured in any shape 
to suit the working conditions — e.g., circular 
tubes are used in the integrating sphere type of 
enlarger lamphouse. F.P. 

See also: Light sources. 

Book: Photographic Illumination, by R. H. Cricks 
(London). 

LAMPHOUSE. Light-tight (and usually ven- 
tilated) chamber holding the light source in pro- 
jection apparatus — e.g. an enlarger, lantern 
slide projector or cinematograph film projector. 

The size and shape of a lamphouse is 
governed by the particular function of the 
equipment it is part of. 

See also: Cinematography; Enlarger; Projectors {still). 
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A landscape is a piece of inland scenery. 
Besides such natural features as hills and trees, 
fields and hedges, a landscape may include 
water (river, lake, waterfall) and countryside 
objects forming a part of scenery, like the 
village church, cottages, inn, farms; also 
agricultural operations of various kinds, 
ploughing, harvesting, etc. The appearance of 
a landscape is affected by natural effects, e.g., 
sunshine and storm, light and shade, and by the 
seasons of the year. 

The landscape photographer is presented 
with the raw materials, and he has to make his 
picture from them. He does so through a selec- 
tion of viewpoints by movement within the 
chosen scene, and by a choice of lighting and 
seasonal conditions suited to his purpose. His 
object, generally, is to produce a picture por- 
traying some characteristic of the scene or 
mood of nature, which will also satisfy the eye. 

The first thing to consider is the composition, 
the setting of the item or items of principal 
interest in the “frame”, and the arrangement of 
the foreground and the sky. Then the lighting 
must be studied and the time of day f or the best 
effect chosen, although, unless the photo- 
grapher has unlimited time at his disposal, 
this may have to be something of a compromise 
with the viewpoint. 

The landscape photographer, particularly 
if he is on tour, has to make the best of things 
as he finds them, or note the required condi- 
tions and return another day. 
lbe Principal Interest. A landscape, like any 
other kind of picture, needs a principal item of 
interest to which the eye naturally travels. This, 
as a rule, lies in the distance or middle distance. 

The main item of interest may be emphasized 
by adjusting its tone scale and placing in the 
final picture. It is not often possible to 
emphasize it by differential focusing, because 
most lenses render the middle distance and 
distance equally sharp at all apertures. 

But there is often some atmospheric haze 
in the air and this splits up the picture into 
more or less clearly defined planes. This haze 
lightens the tone and softens the edges of shapes 
in the far distance. There is less haze between 
the closer planes and the camera, so the nearer 
they are, the clearer and sharper they look. And 
the shadows of nearer objects have a thinner 
veil of mist over them, so they appear blacker 
than more distant objects. 

This natural separation of the picture planes 
can be reduced by the use of colour filters. 

But the interest must also be prevented from 
being led out of the picture. Straight, hori- 
zontal lines — fences, roads, waterways, and the 
horizon itself — tend either to divide the picture 
or to direct the eye out of it. But so long 
as the line is broken or hidden by some other 
object before it reaches the margin of the 
picture, it loses most of its distracting power. 


One useful way of keeping the interest within 
the boundaries of a landscape picture is to 
frame it with dark foreground objects— e.g., a 
gateway or overhanging trees. 

The Sky. The sky is generally part of any 
landscape picture, and, in fact, it may provide 
the main interest. But no matter how much of 
the picture space it occupies, or whether it plays 
a principal or secondary part, it must consist of 
something more than an area of blank paper. 
Photographic films and plates are almost always 
over-sensitive to blue light, so unless special 
precautions are taken, the final print will show 
no difference in tone between the blue sky and 
the white clouds. So the sky will be blank and 
the photograph “baldheaded”. 

Sky tones can be correctly reproduced — or if 
necessary exaggerated — in several ways. 

(1) By using a colour filter that holds back 
the excess of blue rays ; 

(2) By a special graduated sky filter that 
filters the light from the sky area only ; 

(3) By giving extra exposure to the sky areas 
of the picture during printing; 

(4) By printing in clouds from a separate 
negative during enlargement ; or 

(5) By the use of inks or pigments applied 
with artists’ brushes or an airbrush. 

Figures in Landscapes. Human figures may be 
included in a landscape photograph, but they 
should fit naturally into the scene and not be 
on a big enough scale to become the main 
interest. Generally speaking, if it is possible to 
read the expression on the face of any person 
in the picture, that person will automatically 
become the subject and the picture will no 
longer be a landscape study. When people are 
included, they attract attention out of all 
proportion to the space they occupy, and a 
“landscape with figures” is always in danger of 
becoming “figures with a landscape”. 

Photographs in towns and cities are apt to 
look unnatural without people in the streets, 
but even there, the photographer who includes 
figures must remember that there is always a 
strong risk of their stealing th'e picture. 
Viewpoint. The choice of camera distance, 
viewing direction, and camera height will 
influence the pictorial effect. 

The camera distance determines the scale, 
and hence the emphasis of the main part of the 
subject. It does this not only in relation to the 
picture area (this depends on the angle of view 
of the lens, too) but also in relation to nearer 
and farther picture elements. Thus at close 
range, an object will dominate the foreground 
and tend to dwarf anything behind. Farther 
away, the same object will merge into the 
middle distance or background and lose most 
of its pictorial significance. (Distance here is 
considered in comparison to the object size. 
Thus a gate or fence is in the foreground 10-1 5 
feet away, and becomes an unimportant 
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DIRECTION AND ANGLE OF UGHT. Top row: The length and depth of the shadows depend e.'i the k-iin'r-f Lg*’ morning 

of evening sun yields long and luminous shadows; as the sun rises in the sky the shadows shorten, ana at midday they are short 
end intense. Contra row: The direction of the sun determines the direction of the shadows and extent of the shadow area. Side 
lighting casts shadows across the subject, and shows up modelling and texture. Back lighting throws shadows towards the camera 
which sees the subject almost as a silhouette. Front lighting casts all shadows behind the subject, and produces evenly lit, flat 
results. Bottom row: The different lighting effects are obtainable also by taking the camera round the subject. 


background feature if it is farther than 50-100 
feet. A house at that distance would still be very 
much the foreground of a larger view.) 

The viewing direction largely depends on 
what aspect of the subject the photographer 
wants to show. Different sides of a static sub- 
ject will show different lighting effects, especi- 
ally early or late in the day. 

Deliberate movement of the camera position 
will also change the relationship between the 
subject and the background. With near land- 
scapes this can be used to shift prominent 
features of the skyline (e.g., hills, etc.) to one or 
other side of the main pictorial interest. In this 
way foreground objects can be made to cover 
up disturbing features in the middle distance. 

The camera height will determine how much 
the camera sees of near and distant parts of the 
scene. A high viewpoint — a bird’s eye view — 
shows the landscape against the ground, with 
middle distance and background well separated. 
The nearest features drop out of the picture 
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altogether, and there is little difference in the 
sharpness of the various picture planes. 

From a low viewpoint the foreground crowds 
into the picture and dominates or even obscures 
much of what is behind. It also places the nearer 
features against the sky, and so isolates them 
from their surrounding. 

Lighting. The strength, direction and quality of 
the light on the scene can make very vital 
differences in the character of the final picture. 
There is no need for the photographer to accept 
these conditions as he finds them; he can 
control them by choosing the season, the time 
of day and the weather that will give him the 
type of lighting he wants. Beyond this, the effect 
of the lighting at any particular time will depend 
on whether the camera looks at the scene from 
the north, south, east or west. 

Generally, the most satisfactory lighting for 
a summer landscape photograph occurs in the 
hours before 11 a.m. and after 3 p.m. At such 
times the sunshine falls at an angle, lighting up 


the sides of things as well as the tops, and 
casting longish shadows that give them strength, 
relief and proportion. In the winter the ideal 
time is between 1 1 a.m. and 3 p.m. 

When the sun is high in the sky, it casts 
short shadows which are hard and black because 
there is very little light reflected into them. This 
type of lighting is too contrasty for good photo- 
graphic reproduction and it destroys the natural 
appearance of roundness and solidity that 
objects should possess in a good monochrome 
photograph. 

When the sun is in front of the photo- 
grapher, it gives a particular effect known as 
“costre jour” lighting. In this kind of light- 
ing, shadows are cast towards the camera and 
most of what the camera sees is in shadow. 
Such lighting can be striking and dramatic 
when there are important objects fairly near to 
the camera, but it is apt to make an open 
landscape look dull and lifeless. 


Camoa. Any good-class camera can success- 
fully be used for landscape photography and, 
except in the case of 33 mm., interchangeable 
lenses are unnecessary. A 2J in. square format 
is ideal, the resulting negative being selectively 
enlarged. 

Fixed-focus cameras are not very suitable for 
open landscapes, because their zone of sharpest 
focus is generally around 20 to 30 feet and they 
give very poor definition of very distant parts. 

The normal camera lens has a focal 
length about equal to the length of the diagonal 
of the negative — i.e., it has an angle of about 
53°. This type of lens takes in too much fore- 
ground and sky for landscape photography 
where the interest does not lie nearer than the 
middle distance. It is better to use a lens of 
longer focal length — i.e., with a narrower angle 
of view — so that the near foreground and the 
upper sky area are cut out and the important 
part of the scene fills the negative. 






HEIGHT AND DISTANCE OF VIEWPOINT. Top row: The closer the viewpoint, the more near objects an emphasized at the espwsse 
of distant ones. At close range the foreground will only be partly included. Centre row: Use of a long foeus lens from a men 
distent viewpoint will still yield large Images but without the excessive distortion. As the distance Increases further, the proportions 
will not change appreciably. Bottom row: The height of the viewpoint determines the relative placing of foreground and back- 
ground. From a low viewpoint the foreground and middle distance will fill most of the view. As the camera position goes up higher, 
the foreground begins to drop away and more distant pans of the scene come into view. From a still higher point the picture We n a 
virtually an aerial photograph, with no foreground and the increasingly distant P I ones spread out before the camera. 
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PERSPECTIVE AND FOCAL LENGTH. Left: A s/iort focus lens 
from a dose viewpoint emphasizes perspective and depth. 
Rif ht: A long focus lens f rom farther away compresses depth 
and subdues perspective making objects look flat 

Where the camera lens is not interchangeable 
for one of longer focus, the unwanted fore- 
ground or sky can be left out when enlarging 
the negative, or trimmed off the finished print. 

A lens with a shorter-than-normal focal 
length — i.e., a wide-angle lens — is sometimes 
used In landscape photography for special 
effects, such as exaggerating the size of near 
objects or conveying a feeling of spaciousness. 
Exposure. In open landscape photography the 
lens is usually stopped down as far as possible 
to give the maximum sharpness and depth of 
field. This means that the shutter speed often 
is the limiting factor. On calm days it is possible 
to work at shutter speeds of l/25th second, or 
even longer if the camera is on a tripod. But if 
there is a slight breeze, a shutter speed of at 
least 1/1 00th second must be used to prevent 
the movement of branches and leaves from 
showing, and on a really windy day, speeds up 
to 1 /500th second may be necessary. If there 
are people moving about in the scene, nothing 
slower than 1/1 00th second should be used. 

The direction of the light falling on the scene 
must also be considered in conjunction with 
any exposure aid. As a rough guide, the exposure 
recommendation should be doubled if the light 
is shining directly from the side, and multiplied 
by four when shining towards the camera. 


If there is running or falling water in the 
scene, nothing faster than l/250th second 
should be used, or the water will look frozen. 
Sensitized Material. Medium speed pan- 
chromatic film, processed with fina-grain 
technique, will give big enlargements of contact 
print quality. The really fast emulsions are 
only necessary in dull weather and very early 
and late in the day. 

Filters and Lens Hood. For general use a light 
yellow filter is all that is required to brighten 
the greens and retain the sky. For dramatic 
effects, when greater contrast is desired or a 
bold cloudscape emphasized, an orange filter 
can be used. 

Care should be exercised in the use of a 
green filter. In spring, when the foliage is light, 
a green filter will bleach the tone values out 
of recognition and produce an effect of snow. 
But later in the year when the greens have 
darkened, a 2x green filter is invaluable in 
bringing life to an otherwise dull scene. 

For the reason that a person shades his eyes 
when looking at a distant scene, a lens hood 
should be regarded as an essential. And in 
“contre jour” photography it is helpful to 
hold, or get someone else to hold if the camera 
is not on a tripod, a map, book or folded paper 
at a suitable distance from the lens to cast a 
shadow on it, and thus extend the efficacy of 
the hood. Care must be taken to avoid cutting 
off a part of the picture through the mask 
being too near. 

Colour. Open landscapes taken in colour tend 
to be disappointing because of the over-all 
monotonous green, particularly in high sum- 
mer, with its distant haze. 

Spring and autumn are the best times for 
colour work; spring with its blossom and 
varying shades of green, and autumn with its 
galaxy of tints. But it is important to have an 
appropriate object of principal interest— e.g., 
a grey stone church, a black and white half- 
timbered cottage or one of tinted plaster and 
thatch, a carpet of bluebells, a field of poppies, 
even a simple white field-gate — to act as a foil 
to the green landscape. P.J. 

Illustrations: Plate Section XIII. 

See also: Mountains; Panorama. 

Book*: All About Landscapes, by H. van Wadenoyen 
(London); Landscape Photography , by L. and M. 
Gayton (London); Mountain Photography , by C. D. 
Milner (London). 


LANGENHEIM, FRIEDRICH, 1809-79. Ger- 
man photographer, brother of Wilhelm 
Langenheim and a relative of F. Voigtlander. 
Established with Wilhelm a studio in Phila- 
delphia;' introduced the Petzval-Voigtlander 
lens to the U.S.A. The two brothers are always 
linked historically. 

LANGENMTM, WILHELM, 1807-74. Ger- 
man photographer, relative of F. Voigtlander. 
Emigrated to Philadelphia, U.S.A. with his 


brother Friedrich and founded there in 1840 a 
Talbotype and daguerreotype studio (still in 
existence a century later under the name of 
C. W. Briggs Co.). Introduced the Petzval- 
Voigtlander lens to the U.S.A. in 1842-3. 
In 1847 purchased the American rights of the 
Talbotype patent from Fox Talbot and photo- 
graphed the Niagara Falls in 1845 on 5 
daguerreotypes. From 1850 published slides 
for projection (Hyalotypes) which were made 
by the albumen process of Niepce de St. Victor. 
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LANTERN LECTURES 


In preparing a lantern lecture, the subject 
must be considered from the point of view of 
the illustrations. A list should be made of the 
slides available or to be obtained. Each slide 
must clearly illustrate the point to be made, and 
it may be necessary to have two or even three. 



MARKING SLIDE SEQUENCE. A diagonal line across the edges 
of a series (e.g., a lecture) of stacked slides will show imme- 
diately if one slide is out of sequence in a box. 

It is not advisable to use colour slides and 
monochrome together as one gains at the ex- 
pense of the other. 

Slides. The size of the slides to be used must 
be considered in relation to the purpose they are 
to serve. There are now three standard sizes: 
2x2 ins., 2i x 2J ins. and 3i x 3i ins. The 
first two are mainly used for colour, the latter 
for both colour and monochrome. If the 
lecturer is taking his own projector and operator 
the choice of slide size is a matter of personal 
preference. 

If the projector and operator are provided, it 
will be found that the projector will usually be 
for the 2 x 2 ins. slides which are now so 
popular. The 2\ x 21 ins. is a new size, but the 
slides can be projected in the 3$ x 3J ins. 
projector by means of a special carrier. As 
the latter size was the standard for projectors 
for many years, most lecture halls have one. 
For a very large number of people with a very 
large screen, the larger size should be chosen. 

Colour films should preferably be mounted 


between glass to protect them from possible 
damage, and also from heat and condensation 
of moisture in the projector. 

As a guide to the operator, each slide is 
“spotted” with a circle or wedge of white paper, 
in the bottom left hand comer when the slide is 
seen correctly and the right way round. There 
are eight different ways of inserting a slide in 
the lantern carrier, and only one is correct. 
The slide is placed in the carrier with the “spot'* 
at the top and at the rear. This ensures that the 
picture appears correctly on the screen. 

A transport box must be provided for the 
slides. In the best type each slide is accommo- 
dated in a separate groove. This ensures that 
the slides are kept in their correct sequence 
and do not slip to the bottom of the box when 
used. They are also more easily handled by the 
operator. It is a good plan for the box to take 
double the number of slides to be used side by 
side so that, after use, the slide is placed in the 
opposite empty section. This saves trouble in 
sorting them next time. 

Magazines. Many modern miniature slide 
projectors take magazines of thirty or more 
slides, and have provision for automatic or 
semi-automatic slide changing by remote con- 
trol. Once the slides for a lecture are arranged 
in the magazine or magazines in their right 
order, no further sorting is required from one 
lecture to the next. The magazine thus serves 
for storage, and keeps the slides of a lecture 
together. 

Black-Out. For the slides to be seen to the 
fullest advantage it pays to attend to the con- 
ditions under which they are projected. The 
room, especially at the screen end, should be as 
dark as possible, no light must reach the screen 
from any source but the projector. It is not 
always possible to make the hall completely 
dark as exits have to be indicated, but the light 
must not reach the screen. As most lectures are 
held during the evenings and during the winter 
season there is no great difficulty in making the 
room dark, but lights outside in the street and 
from other buildings must not be overlooked. 




BLACK-OUT METHODS. Left: Roller blind with edge channels to act as light traps. Needs separate means of ventilation, but 
blacking out the room takes literally only seconds f or each window . Centre: Thick curtains stretched by wire at top and bottom. 
Should be several inches larger than the window. Right: Pair of overlapping boards placed over window, with air space between 
them f or ventilation. Is particularly suitable f or shows of long duration, though It takes longer to put up. 
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HOME PROJECTION. Top: Projecting ocroa the long side of a 
ram. with the screen in a recess if available. Centre: When 
the long side of the room Is not suitable for projection arrange - 
menu, oblique protection provides some extra thru w. though 
with a certain amount of image distortion. Bottom: Projector 
leads should be run overhead and out of reach. 

If the meeting is to be held during the afternoon 
it is always wise to find out if the hall can be 
blacked out. This is easily overlooked by the 
organizers, especially if lectures illustrated by 
lantern slides are not a frequent occurrence. It 
is possible to project slides with fairly bright 
room lighting, but only to small audiences. 
Screen. The size of the screen picture in rela- 
tion to the projector needs to be considered. 
Projecting apparatus has been greatly improved 
within recent years, but the illuminating power 
of the projector still governs the screen brilli- 
ance. If the audience is limited to twenty or 
thirty people, a projector fitted with a 300 watt 
lamp will be quite satisfactory. For a larger 
number a larger screeD and higher power will 
be required, as well as a lens of longer focal 
length. If the lecture is to be a success the audi- 
ence must be able to see the pictures in comfort. 
This is not possible when a large number of 
people are trying to see a picture on a small 
screen. If the audience is over fifty in number 
the screen should not be less than 7x5 feet 
This in turn will need a projector with not less 
than 500 watt illumination. For larger numbers 
greater power will be necessary. These points 
are generally attended to by those who are 
responsible f or the engagement of the lecturer 
but the lecturer will have to think about them 
if he intends to use his own apparatus and 
operator for the occasion. 


For the audience to see and hear under the 
most favourable conditions, the picture should 
be projected over their heads from behind the 
last row of chairs. This has the advantage that 
it economizes in seating space, since the best 
position for viewing in the centre is not taken 
up by the projector, and it avoids leaving a 
central gap to keep the screen clear. With the 
projector low down, heads are apt to appear as 
a silhouette on the screen, while people behind 
the projector find their view spoiled by stray 
light, and possibly by the movements of the 
operator, lie projector should be placed about 
5 feet high, and the screen arranged so that the 
lens is opposite the centre. This will also avoid 
the necessity for tilting the projector, with the 
risk of loss of definition and the introduction of 
a degree of distortion. 

Where a lecture hall is to have a permanent 
screen, there is nothing better than a matt white 
surface of distemper or paint. Some screens 
have a surface coated with silver paint, or 
minute glass beads, to increase the brilliancy of 
the picture. This idea works when the pictures 
are viewed from the centre, but when seen 
from the side there is loss of brilliancy. If a 
screen of this type is used the seats should be 
kept near the centre of the hall. 

Back Projection. When the lecture is to be 
given in a small room, and space has to be used 
to the best advantage, there is much to be said 




CLASSROOM PROJECTION. Top left: School desk used as Pro- 
jector support with lid raised by books. Top right: Projector 
on demonstration bench, permitting operation by teacher. 
Screen may have to be oblique to projector axis. Bottom: 
Comer projection in a classroom. Screen may always remain 
in position without obscuring blackboard. 
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in favour of the translucent projection screen, 
the projector being placed behind the screen. 

There are several materials which can be 
used for the screen. A large sheet of tracing 
cloth is very good, the plastic sold for bath- 
room cur tains will serve, a sheet of “frosted" 
glass, or even a large sheet of greaseproof 
paper. These should be white or almost white. 
Fine linen can be used, but it will have to be 
made wet before using or the projected picture 
will not be brilliant. The selected material 
will have to be fixed to a frame in order to keep 
it flat, with the exception of the linen. This may 
be mounted on rollers. 

When projecting from the rear of the screen 
the slide will be put into the carrier with the 
“spot” at the front, or towards the lens of the 
projector. This will ensure the picture is the 
right way round for the audience. 

This form of projection is the best when there 
is a difficulty in blacking out the room. The 
screen should be placed in the darkest part of 
the room and any light reaching it screened off. 
Signalling. It is very necessary to have some 
pre-arranged signal for the operator at the pro- 
jector to change the slide. As far as possible 
the signal should not be seen or heard by the 
audience. A signal lamp is ideal. 

Magazine projectors often offer various 
remote control facilities; for instance pressure 
on a button at the end of the remote control 
cable automatically changes the slides. Alter- 



TILTING THE PROJECTOR. Top: Tilting the projector upwards 
will distort the Image shape. Upper centre: Tilting downwards 
has the tame eff ect but In the opposite direction. Lower centre: 
If a tilt is unavoidable, the screen should be tilted as well, 
which will square the image again. Bottom: A slight tilt on 
a long throw h permissible, as the distortion Is small. 



SEATING FOR PROJECTION. Top: Projector raised and level 
with screen. The projected beam clears the heads of I ho 
audience. Put some seating space is lost behind the projector . 
Bottom: Emergency arrangement with tilted projector, 
resulting in loss of seating space In front of the projector at 
well as behind. The screen should be tilted. 

native methods include supersonic whistles 
which actuate the automatic changing mechan- 
ism via an amplifier, and devices that change 
the slide when the lecturer stops speaking. 
Radio control has also been tried, with match- 
box-size transmitters. 

If possible, the lecture should be spoken and 
not read. Notes are helpful if the lecturer’s 
memop' is poor and they lend some confidence 
to the inexperienced speaker. 

A lecture can be recorded on tape, and there 
are various ways of even changing slides by 
means of cueing signals also impressed on the 
magnetic tape. Such an automatic recorded 
lecture lacks, however, the personality of a live 
performance. 

Preparation. When preparing the lecture, the 
first thing is to make a decision on the illustra- 
tions to be used and then to make the slides. 
The lecture is then written out in full Next the 
lecture is rehearsed with the slides, an assistant 
operating the projector. This will reveal need- 
less duplication or omissions and check the 
length of time taken for the delivery. 

For those who are unfamiliar with public 
speaking here are a few hints: 

Make a point of arriving at the hall at least 
twenty minutes before you are due to start. 
This will allow you to make contact with the 
operator of the projector, to show him the 
slides and their order of projection, and to 
rehearse the “next slide” signal. It gives you 
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time to meet the Chairman and other officials 
and all this helps to establish confidence. 

When delivering the lecture speak slowly and 
distinctly. Do not hurry, but on the other hand 
avoid long pauses. Remember there may be 
people at the back of the room who have diffi- 
culty in hearing. Watch to see if this is so and 
raise your voice. Keep your head up while 
speaking. 

When it is necessary to indicate some special 
point on the screen, turn to the screen, point 
out the subject, and then face the audience. 
Torch-type pointers that project a bright 
arrow on the screen where required, are neater 
than a wooden pointer. 

A microphone can be helpful in a large hall 
and it gives confidence. In using a microphone 
it is not necessary to raise the voice above the 
normal conversational level; in fact to do so 
defeats its own object. A microphone is also 
useful if written questions are passed up on 
paper. The speaker is able to repeat the 
question and reply to the audience. 

Film Strips. Within the past few years con- 
siderable use has been made of film strips, 
especially by educational bodies. A film strip 
consists of a number of illustrations of the 
same subject arranged in the correct sequence 
on a single length of 35 mm. film. The film strip 
can be projected by any projector fitted with a 
film strip carrier. The strip is mounted upon a 


spool and passed through the projector by 
winding it from this spool through a gate to 
another. The text of the lecture is supplied 
with commercial film strips. 

Film strips can be made from negatives or 
prints. Generally whole plate prints are made 
and arranged in order. Negatives are then made 
with a copying camera on 35 mm. film, and 
printed upon positive material. 

Sources. Film strips and lantern slides sets are 
supplied by many sources. There are educa- 
tional film strips for use in schools, and religious 
bodies lend slides and film strips dealing with 
their own particular organizations for educa- 
tion or publicity. Film strips are also issued by 
various departments of horticulture on subjects 
such as the culture of various plants and the 
control of plant pests. Travel agencies and 
railway and steamship companies also supply 
sets of slides and film strips with the text com- 
piled by the publicity departments concerned. 
Photographic manufacturers and national 
photographic organizations also have numerous 
slide and film strip lectures available; although 
usually a written commentary is supplied with 
these, in some cases a lecturer may attend. 
Many of these sources are free of charge. R.M.F. 

See also: Projection principles; Transparency viewing 
and projection; Visual aids. 

Books: Film Strip and Slide Projection by M. K. Kidd 
and C. W. Long (London); Practical Projection for 
Teachers, by N. J. Atkinson (London). 


LANTERN PLATES, Photographic plates 
coated with slow bromide, chlorobromide or 
chloride emulsions specially made for the 
production of positive transparencies (lantern 
slides) from negatives. 

See also : Printing materials; Sizes and packings. 

LANTERN SLIDE DIAGRAMS. There are 
three ways of making lantern slides of line 
subjects — e.g., maps, engineers’ drawings and 
documents: copying with a camera, contact 
printing, and drawing direct on to the slide. 
Copying. Copying is particularly suitable for 
making slides of large diagrams which are too 
detailed to re-draw to a smaller scale for direct 
contact printing. It is the only satisfactory 
method for making miniature slides. 

The subject is first copied to the size of the 
lantern plate to be used. For a 2 x 2 ins. slide 
it is necessary to confine the picture area to 
1 x li ins. or the area of a 35 mm. negative, if 
the .printing is to be done by contact: 2} x 
21 ins. or 31 x 31 ins. slides can also be used. 
The copy may also be made upon a larger size 
negative and a reduced image printed on the 
lantern plate by projection. (The enlarger must 
have sufficient extension for this purpose.) A 
35 mm. camera with a copying attachment may 
be used for making the negatives. 

The diagram should be evenly illuminated as 
in normal copying. The camera must be rigidly 


supported and focusing exact to ensure the 
sharpest possible image. 

If the subject is black-and-white, the negative 
is made on a process plate which gives the 
necessary high contrast. If this type of negative 
material is not available, a slow fine-grain film 
is almost as good. For a coloured subject a 
slow panchromatic material is used with the 
appropriate filter. 

The exposure is best found by trial. A 
contrast developer should be used, or the 
normal time of development increased by 50 
per cent. The negative should show all details 
clearly against an opaque background. 

A slow black tone or gaslight lantem plate 
is best for the print, and a contrast developer 
is recommended. Plates should be backed to 
prevent degradation of the image by light 
scatter. Over-exposure must be avoided and 
development carried rather further than is 
necessary for ordinary lantem slides. After 
fixing, the slide should show the lines very 
black against a clear background. If the lines 
are slightly veiled, they can be cleared by a 
short immersion in a weak ferricyanide-hypo 
reducer for a few seconds. This will make the 
slide veiy clear and transparent. 

If desired, the slides may be made on slow or 
positive 35 mm. film. Care must be taken to 
expose fully, and to develop for longer than 
may seem to be necessary if a normal developer 
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METHODS FOR DIAGRAM SLIDES. I . Copying a drawing , title, 
etc., by means of a camera. The negative is then printed by 
contact or projection on a suitable lantern plate material. 
2. Direct contact printing. The diagram or lettering is drawn 
on a sheet of thin grainless paper, and contact printed directly 
on to a lantern plate. 2. Drawing on blackened gloss. A clear 
glass plate of the right size is blackened by soot and the 
diagram scratched on it. 4. Direct drawing. A special opaque 
ink for glass will yield a black image on a clean glass plate. 

is used, otherwise the positives may be thin. 

In some cases the negative can be used for 
projection if there is no objection to showing 
white lines against a black background. Slight 
reduction may be necessary to clear the lines 
of the subject. 


Contact Printing. This method is satisfactory 
where the diagram is fairly bold and with no 
fine detail. The drawing is copied by hand, or 
with a pantagraph, in black ink, on to a piece 
of white paper the size of the slide with as little 
grain or texture as possible. This drawing is 
then printed by contact on to an ordinary 
lantern plate which is processed to give plenty 
of contrast. The diagram when projected will 
appear as white lines on a black background. 
If the normal black on white presentation is 
preferred, the slide is printed again by contact 
on to a second plate. 

This method is not suitable for miniature 
slides as it is not possible to draw the lines 
accurately on such a small scale. 

Direct Drawing. In this case the diagram is 
drawn straight on to a specially prepared plain 
glass plate of the right size. There are several 
ways of preparing the plate, but the simplest is 
to blacken it by holding it over the flame of a 
candle. The diagram is then scratched in the 
layer of soot with a needle. This method gives 
white lines on a black ground. It is the stock 
device for throwing an urgent announcement 
on to the screen in a cinema. 

Any of the special opaque inks made for 
writing on glass may be used for drawing on a 
clear glass plate to give a black on white pro- 
jected image. A suitable ink can be made by 
dissolving 1 drachm of borax in 1 ounce of water 
andstinring it slowly into a solution of 2 drachms 
of shellac in 1 ounce of methylated spirit. Any 
precipitate should be dissolved by heating the 
solution. Enough methylene blue is then added 
to make the ink reasonably opaque and the 
solution kept in a tightly stoppered bottle. It 
may be applied to a clear glass slide with a fine 
brush or a mapping pen. It is quick-drying and 
permanent. 

Diagrams may also be drawn in Indian ink 
with a pen on a sheet of finely ground glass. 
When the ink is dry, the surface is painted over 
with a solution of gum dammar in benzole. 
This obliterates the grain of the glass and leaves 
the diagram on a clear ground. R.M.F. 

See also: Inks for photographs; Lettering ; Titles. 

Book: Making Lantern Slides and Filmstrips, by C. D. 
Milner (London). 


LANTERN SLIDES 


Lantern slides are positive transparencies on 
glass plates, or on film mounted between glass 
cover plates. They are viewed by projection. 
Slides are invaluable to lecturers and demon- 
strators because the picture on the screen is 
visible to a considerable number of people, 
and can be both large and brilliant. It has 
distinct advantages over paper prints which 
can be seen by only a few people at a time: 
and over the cine picture which is not adapted 
for the detailed study of static subjects. 


For these purposes, any negative that will 
make a good print will make an even better 
slide, and even any documents and maps 
photographed on an appropriate scale may be 
turned into satisfactory slides. 

Many photographers, however, are attracted 
to lantern slides because they can render a 
much greater tone range than any paper print. 
In fact, to reproduce the full beauty of subjects 
with a long contrast range, a lantern slide may 
be essential. 
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Sizes. Lantern slides are made in the 
following standard sizes: 

British — 3f x 3) ins. (82-5 x 82-5 mm.), 
square. 

American — 3J x 4 ins. (82-5 x 101-5 mm.), 
horizontal. 

Continental — 85 x 100 mm. (ab. 3 J x 4 ins.), 
horizontal. 

Continental intermediate — 70 x 70 mm. 
(2} x 2| ins.) square. 

Miniature — 2 x 2 ins. (50-8 x 50-8 mm.). 

In addition, 1 x 1) ins. (24 x 36 mm.) and 
1 x 1 in. (24 x 24 mm.) colour and mono- 
chrome transparencies made on 35 mm. film 
are mounted in 2 x 2 ins. holders or bound 
between cover glasses of that size, so that 
they can be projected as miniature slides. 

Colour transparencies made on size 127 film, 
If x If ins. large, are also mounted in suitable 
2x2 ins. holders, yielding the so-called 



Pictorial work is best done on chloro- 
bromide material. With suitable developers 
this material gives warm black or brawn tones 
direct, and the addition of potassium or 
ammonium bromide, etc., increases warmth. 

Toning processes include gold chloride, 
which gives a fine blue, dye-coupled redevelop- 
ment, which gives a wide range of colours, 
and a number of classic metallic toners. 
Contact Printing. Lantern plates are printed 
by contact in a special frame designed 
to hold the plate and a plate negative. The 
two plates are placed in position, emulsion to 
emulsion, and adjusted to centre the part of the 
negative which is to occupy the masked-off 
picture area on the finished slide. The frame 
is designed to make this possible. 

Film negatives are held in contact with the 
lantern plate by being covered with a glass 
pressure plate. 





LANTERN SLIDE SIZES. A, American and Continental 3± x 4 Ins. slide. B, British standard 3 J x 31 ins. slide. C, British standard 
tilde with two miniature images. D, British standard slide with four miniature transparencies. E, standard 2x2 ins. miniature 
slide with 35 mm. film transparency. F, 21 x 2| ins. slide for 2i X 2± ins. transparencies. 


“super-slides”. 

The 2x2 ins. slide is today the most widely 
used size by amateurs as well as for lectures, 
particularly in colour. Among the larger sizes 
3f x 3f ins. is the favourite in Britain. 

The continental intermediate size of 2\ x 2} 
ins. is the result of the increasing popularity 
of 2f x 2f ins. colour transparencies made with 
roll film cameras. 

Printing. Monochrome slides can be made by 
contact or by projection in an enlarger on to 
glass plates or film. Contact printing gives 
the best definition, and contact material — i.e., 
chloride emulsions — give high contrast. Plates 
for projection printing are either bromide, 
giving normal black-and-white images, or 
chloro-bromide, giving warm black and brown 
tones. Miniature slides are also made on cine 
positive film which gives black-and-white tones. 

Slides for lectures, etc., illustration, especially 
of documents, line drawings and maps, are best 
done on black-and-white material. 


Since the lantern slide image is considerably 
magnified in projection, it is very necessary to 
keep all printing surfaces dust-free. This is 
particularly important when printing film 
negatives, because the cover glass introduces 
two further dust-collecting surfaces. 

The springs of the printing frame must be 
strong enough to press the two emulsion 
surfaces into close contact to avoid loss of 
definition. 

The exposure is made in the usual way 
either by a printing light or on the baseboard 
of an enlarger with the negative carrier re- 
moved. Some control of the final result can 
be exercised by shading or overprinting, as in 
normal contact printing technique. 

Projection Printing. Lantern slides can also 
be made by projection in the enlarger. 
This method offers much more scope than 
contact printing and it is, in fact, the way that 
most people choose to make their slides, even 
when printing to the same scale. The principal 
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advantage of this method is that the negative, 
or any selected part of it, can be enlarged or 
reduced to suit the size of the slide, and the 
photographer is free to trim and compose the 
picture to the best advantage, just as in making 
an enlargement. 

Projection printing allows the photographer 
to make slides of any required size from a 
variety of types of negative— e.g., from plates, 
roll films and 35 mm. film. The technique is 
similar to enlarging except that the resulting 
“print" is smaller than usual and the enlarger 
must be equipped for making same-size and 
even reduced scale prints — e.g., miniature slides 
and film strips. This may call for some modi- 
fication to the focusing range. 

Focusing Range Adjustment. Enlargers that 
are to be used for reduction printing need 
much greater focusing extension than usual. 
This can be obtained in several ways: 

(1) An enlarger lens of only half the normal 
focal length may be used. (With same-size or 
reduction printing, lenses cover much larger 
negative sizes than under normal conditions, 
because of the abnormally large lens-negative 
separation in relation to the focal length.) 

(2) The distance between the lens and the 
negative can be increased by extension tubes 
or similar adapters. For same-size printing 
the lens-negative distance must be twice the 
focal length of the lens, and for reduction it 
must be greater. 

(3) The focal length of the enlarger lens can 
be modified by using supplementary lenses. 
Usually, however, supplementary lenses tend 
to impair the definition and sharpness of the 
projected image, so they are not often used. 
Plate Holders. Lantern slides are printed 
in a masking plate holder instead of a 
paper holder. The mask cuts the picture 
down to the standard size required for pro- 
jection. The lantern plate may also be laid on 
a sheet of black paper on the baseboard and 
printed without a mask. 

In either case the image is focused on a 
special focusing plate covered with white 
paper giving a combined thickness equal to 



LANTERN PLATE FRAME. A simple Jig or holder mil locate a 
lantern plate always in die same place on the enlarger base- 
board. A hinged white card ( ruled to show loss of image space 
from binding) serves f or focusing. 



MATCHING TEST STRIPS. Test strips on lantern plates are 
inconvenient so they are best made on bromide paper. A 
relative speed factor established by a comparative test between 
paper and plate will then give the right exposure. 

that of the lantern plate. This ensures that 
when the image is focused on the focusing 
plate, it will be sharp on the emulsion surface 
of the lantern plate. 

There are various devices and methods for 
ensuring that the lantern plate occupies exactly 
the same position as the focusing plate on the 
enlarger easel. Some means of accurately 
registering the two is always necessary, because 
the slide cannot afterwards be trimmed like a 
paper print to correct errors. The simplest 
way is to fix the position of the two adjacent 
edges of the holder with push pins, or to mark 
it with white ink in the middle of a weighted 
black card, sliding the card about on the easel 
until the image occupies the required position. 
Exposure. It is not easy to cut up lantern 
plates into test strips, and it is wasteful to 
use an entire plate for the purpose. A more 
practical way is to find a grade of bromide 
paper which matches the lantern plate in 
contrast. 

Testing can then be made with the paper to 
show the relation between the exposures 
needed to produce an acceptable bromide 
print and an acceptable lantern slide. 

Once this relationship has been established, 
all exposure tests can be made on the bromide 
paper, and the correct exposure adjusted by 
multiplying or dividing by a fixed factor when 
printing the lantern plate. The factor must 
be checked each time a new batch or packet 
of either lantern plates or bromide paper is 
opened. 

Judging. There is an appreciable difference 
between the appearance of a correctly exposed 
lantern slide and a correctly exposed bromide 
print when they are seen in the developer or 
fixer by the darkroom safelight. 

During development, while the image still 
contains a great deal of turbid white silver 
chloride or silver bromide, its density is best 
judged by looking at it through the back of 
the glass support. This gives a fairly good 
impression of the final visual density to be 
expected. 

When all the white silver salts have been 
dissolved away in the fixing bath, the slide is 
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BINDING LANTERN SLIDES. I. Thoroughly clean cover glasses. 
2. Cut mask from black paper or f oil ( masks can also be bought 
ready cut). 3. Place spot (in bottom left hand corner ) and also 
title strips on mask. 4. Af ter making sure that all components 
are completely dry, assemble the cover glasses with the film 
and the mask. When viewed from the side carrying the spot 
and title strips the image should be upright and the right way 
round. With lantern plates no film is used, and only one cover 
glass becomes necessary. 5. Bind round edges with lantern 
slide binding tape of correct length. 6. Fold tape down on each 
side, and cut corners f or neat finish. 


best judged by bolding it in front of a brightly- 
lit white surface — e.g., a sheet of white paper. 
This corresponds most nearly to its appearance 
when it is projected on to a screen. It is mis- 
leading to look at the image directly against 
the light, because this makes both density and 
contrast appear to be lower than they really are. 
Processing. There is no difference in principle 
between processinglantem slides and processing 
prints, but there are certain differences in 
handling. 

The same developer and other processing 
solutions are used for lantern slides as for 
prints (either normal or warm-tone). 

It is not normally necessary to use a hardener 
in the acid fixer for prints, but it is advisable 
for lantern slides, because they are more 
sensitive to injury than paper prints. 

To avoid blistering and reticulation to which 
lantern plates are more prone than prints, the 
temperature of the solutions should not vary 
between developer and rinse, or between rinse 
and fixer. Developers should not be warmer 
than 70° F. (21° C.); hot water-bath methods 
of development are, of course, out of the 
question. 

Generally, lantern plates are bandied in the 
same way as plate negatives. Some sort of 
plate carrier is, however, desirable to immerse 
the plates in the solutions and lift them out 
without getting the fingers wet. Washing and 
drying technique is again similar to that 
employed for ordinary plates. C.D.M. 

Finishing. Before a slide is made ready for 
projection, any pinholes caused by dust be- 
tween the slide and the negative during 
exposure must be spotted out. If these spots 
are not dealt with, they will show with dis- 
tracting brilliance on the screen. 

Spots on slides are dealt with in much the 
same manner as spots on a print, except that 
the work has to be done even more skilfully 
or the result will be worse than the original 
fault. Opaque pigment, water colour, or one 
of the special spotting preparations, is used. 
The work is done on a retouching desk on 
which the slide is illuminated from below and 
masked so that no light shows around. 

A fine-pointed No. 0 brush is used for 
spotting out pinholes, the pigment being 
matched to the colour and depth of the 
surrounding image; just enough is applied to 
fill in the pinhole. Some photographers use a 
fine mapping pen instead of a brush because it 
is easier to manipulate. 

Masking. The slide, after retouching, is pro- 
tected from mechanical damage and from damp 
by a cover glass, and if necessary it is masked to 
show only the selected part of the picture and 
exclude unwanted material. Cover glasses for 
miniature slides should not exceed -045 in. 
(I mm.) thick, or about 25 to the inch, or the 
slide may jam in the carrier. 

Masking a lantern slide or transparency 
corresponds to trimming a print. The standard 
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size masks cover only the edges of the slide, 
leaving the maximum area for projection. 
There are ready-cut masks of various shapes 
and sizes, and the holders made for 2 x 2 ins. 
slides are supplied complete with masks. The 
mask also cuts off unwanted light from around 
the slide when it is projected. 

Slides may be masked with the same black 
adhesive binding paper used for binding up 
the slide, making one lot of paper do two jobs. 
This is a very effective way provided that the 
binding paper is stuck down accurately so that 
all the corners are rectangular. Masks may 
also be cut from any opaque paper, and it is 
possible to buy blanks printed with white guide 
lines for cutting out any required size. Masks 
of this type can easily be cut out on a sheet of 
glass using a steel rule and a razor blade in a 
holder. 

Spotting. The slide is clearly marked so that 
whoever has to project it will be able to see 
at a glance (even in near-darkness) if he is 
putting it into the projector the right way 
around. Few things are more irritating to an 
audience than having to wait for the projec- 
tionist to find the right way of the slide by 
trial and error at the prompting of the lecturer. 
While there are eight possible ways of inserting 
the slide only one of them is right. 

There are two accepted systems for indi- 
cating the correct way: the traditional English 
system of marking the slide with two spots (or 
sometimes a white strip), and the more recent 
American system of marking it with only one. 

In the original English system the marking 
is carried out on the front of the slide — i.e., the 
emulsion or cover glass side — with the picture 
upright. In this position, two white spots are 
placed — one in each corner — on the face of the 
binding along the top edge The slide is 
projected with the white spots at the bottom 
and facing towards the operator. 

In the American system the marking is 
carried out on the same side of the slide, still 
with the picture upright. In this position, a 
spot of white gummed paper is stuck to the 
bottom left comer of the slide. (Or a spot of 
white paint may be applied to the edge of the 
binding or even to the mask before assembly). 
The slide is projected with the spot at the top 
right-hand comer facing the operator. 

The American method of “spotting” slides 
in this way is now more popular and has been 
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adopted officially by the Royal Photographic 
Society. 

Binding. Finally, the lantern plate with its 
mask and cover glass are bound in register. 
First the slide and the cover glass are wanned 
in front of a fire or over a gas burner to drive 
off any trace of dampness. The slide must be 
completely dry before assembly or the heat of 
the projector will cause condensation. The 
inner surfaces of the slide and cover glass are 
then polished clean, wiped free from dust, and 
brought together ready for binding. 

Binding strips are supplied either in 3£ ins. 
lengths or in pieces long enough to bind all 
four edges without cutting. The single lengths 
make a better job, but are more difficult to 
manage. 

When the 31 ins. strips are used, the "Slide 
and its cover glass are held firmly together and 
bound along opposite edges. A strip is first 
moistened and then allowed to dry for a few 
seconds. It is then laid along one edgejof the 
slide so that it forms an even margin, and then 
turned sharply over to the face of the cover 
glass and pressed well down. The opposite 
edge is next treated in the same way, and then 
the two remaining edges. The moist binding 
is finally ironed into contact by rubbing it 
with a knife handle. 

If a single length of binding strip is used, it 
is attached to one edge of the slide, mitred at 
the comer, and so on along all the edges, and 
overlapped at the point where it started. 
Titling. A slide may be titled or numbered 
for reference by gumming a printed slip of paper 
to the mask so that it appears above the 
binding when the picture is viewed the right 
way up and from the emulsion side. In this 
way the title can still be read when the slide is 
mounted in an exhibition viewing cabinet. 
Filing. Small numbers of slides may be filed 
in dovetailed boxes, but collections of any size 
are more conveniently kept in boxes with 
compartments taking about twenty slides, 
without dovetails. Coloured binding tapes, 
or titles in white ink on the top edges are both 
used for identification. In the latest storage 
box the slides are held at an angle so that the 
top edges are exposed, allowing titles to be 
read easily. R.M.F. & C.D.M. 

See also: Film strips: Lantern slide diagrams. 

Book: Making Lantern Slides and Filmstrips, by C. D. 
Milner (London). 


INTENSIFICATION. Latent image intensi- 
fication, often called latensification, is very 
similar to hypersensitizing, but is carried out 
after exposure and before the negative is 
developed. 

There are three methods of treatment: with 
a chemical solution; with a chemical vapour; 
and with actinic light. 


Chemical Baths. The baths used for hyper- 
sensitizing work equally well as latensifiers. 
Triethanolamine is particularly effective. 

A 0 5 per cent solution of potassium meta- 
bisulphite or sodium bisulphite will give an 
increase in effective speed that can be increased 
still further by adding an equal quantity of 
sodium sulphite to the solution. 
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Treating films or plates after exposure has the 
advantage that there is no need to dry them 
again before development. Intensification can, 
in fact, be the first step in processing, although 
the speed gain is said to be better if the material 
is dried after latensification. 

Vapour Treatment. Vapour treatment with 
mercury or sulphur dioxide is exactly the same 
as for hypersensitizing. 

Light Treatment. Latensification by exposure to 
light does not take place in the same way as 
hypersensitizing by the same means. At first 
sight it would seem that the only effect of an 
additional very small exposure after the true 
exposure would be to add an imperceptible 
amount of fog. But, in fact, the effective 
emulsion speed is appreciably increased. 

This is because the light at such very low 
intensities acts selectively. It is not strong 
enough to form many new developable image 
points, but not too weak to go on building up 
already existing parts of the latent image. By 
suitable adjustment of the latensification 
exposure, the latent image exposure can in 
fact be raised to the upper limit of the thres- 
hold exposure for the material in question. A 
certain amount of fog is also formed, but the 
gain in the image is much greater. 

A darkroom lamp makes a suitable light 
source, and a dark green panchromatic safelight 
with a 15 watt bulb has been recommended. 
The material should be exposed about 15 feet 
away from the light for anything between 30 
minutes and 2 hours. L.A.M. 

LATENT IMAGE. Exposure to light in a 
camera does not as a rule produce a visible 
change in the silver halide grains which, sus- 
pended in gelatin, make up the photographic 
emulsion with which films, plates, and papers 
are coated. But it does bring about an invisible 
change which can be revealed by the photo- 
graphic developer. The invisible image which 
was present before development is called the 
latent image, the term latent standing for 
hidden or invisible. Apart from the process of 
development, science knows of no other way of 
revealing the presence of the latent image. 
Sensitivity Specks. If exposure is increased very 
much beyond the level necessary to produce a 
latent image, the emulsion crystals or grains 
print out as a visible image because the con- 
tinued action of light causes the silver bromide 
to disintegrate into bromine and metallic 
silver, the latter appearing on the grain surface 
in the form of small specks. This suggests that 
the latent image itself is present as small specks 
of metallic silver on the grain surface. 

These specks of silver are extremely small. 
Their size can be worked out approximately 
from the ratio of the exposures required for 
print-out and latent image formation. Such 
calculations indicate that the mass of a latent 
image speck is only one part in a hundred 
million of the whole of the silver bromide grain. 
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IMAGE FORMATION. \. Silver specks In the silver halide groin. 
2. Condensation after continued exposure to light. 3 . Devedop- 
able sub-image. 4 . Developed silver Image. 

Small as they are, these specks are of funda- 
mental importance in modern theories of latent 
image formation. 

On development, these specks of silver which 
were formed during exposure act as points of 
attack for the developer. Starting at the specks, 
the grains are changed by the developer to 
black metallic silver, yielding a visible image. 

Since the latent image specks are so small 
that they escape even the most sensitive direct 
methods known to science, it is no wonder that 
any theory on the mode of formation of the 
latent image is necessarily speculative, the more 
so the greater the detail the theory attempts to 
cover. The general features of any theory are, 
however, established in broad outlines. 

Stages of Formation. The latent image in any 
one grain is formed in several stages. That 
means, in terms of the silver speck hypothesis, 
that several atoms of silver are required to 
form the latent image. Light (in the f orm of 
light quanta; i.e., small parcels of light energy) 
is absorbed and forms silver anywhere in the 
silver halide crystal. To form a metallic speck, 
these silver atoms must flock together. Thus a 
coagulation or condensation procos is an 
essential feature of latent image formation. 

Condensation phenomena are well known in 
nature and follow well-defined laws. Examples 
are the formation of water drops to make fog or 
rain, the growth of snow-flakes and other 
crystals from solution. When the process of 
growth is slow, the crystals or particles are few, 
but large in size; if the process is fast, many 
but s mall particles are formed. 

Rate of Growth. In the photographic emulsion 
grain, the rate of growth of the latent image 
specks is governed by the rate at which ligbt 
reaches the grain, in other words, by the 
intensity of exposure. In comparing equal 
exposures (i.e., in which the product intensity 
x time is constant) for varying intensities and 
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times, many of the resulting changes in photo- 
graphic behaviour are accounted for by a 
straightforward assumption. This postulates 
that latent image specks formed at low inten- 
sities and long times of exposure are few and 
large and those formed at high intensities and 
short times numerous and small. One of the 
most important differences is in the rate of 
development: flash exposures require longer 
development than normal snapshots to get full 
sensitivity and contrast. 

During the build-up of the latent image there 
occurs a stage at which a stable result of 
exposure is produced which is not yet develop- 
able and therefore — by definition — not a 
latent image. This has been termed the sub- 
image. The result of a short-time exposure is the 
production of numerous grains carrying sub- 
image specks; this causes a considerable sensi- 
tization of the emulsion towards a subsequent 
exposure of longer duration to light of low 
intensity. Conversely, a low-intensity exposure 
can build up an image-wise sub-image to a 
fully developable latent image (latensification). 
Reciprocity Failnre. The first stage in latent 
image formation is the most difficult: at low 
intensities of light, it is the sub-image stage 
which is inefficient and responsible for the loss 
of sensitivity for low intensity — long time- 
exposures (low intensity reciprocity failure). 

Crystal growth is much helped by the pre- 
sence of nuclei on which a start is made. In 
latent image formation these are provided on 
the grain surfaces by the sensitivity specks. 
The nuclei act by holding the first atoms in 
place; once a reasonable number of atoms 
have aggregated, the speck is stable. At high 
intensities the problem of stability does not 
arise since the specks are built up to stable size 
quickly. Then even quite ineffective nuclei 
become operative, and in a photographic grain 
these are often situated inside where the 
developer cannot reach them. This internal 



LATENT IMAGE AND UGHT INTENSITY. Left: Short exposure 
to high Intensity forma mony small sensitivity specks. Rif he: 
Long exposure to weak light forms few but large specks. 



LATENSIFICATION. Left: Exposure to very weak light will build 
up existing sensitivity specks. Rif he: The same weak exposure 
will not form new sensitivity specks. 

latent image can be revealed by special devel- 
opers. The formation of the internal image as 
well as the small size of the latent image specks 
accounts for the sensitivity loss at high inten- 
sities and short times of exposure (high 
intensity reciprocity failure). 

Other Latent Image Aspects. The more detailed 
theories of latent image formation have to take 
into account that absorption of light in silver 
halides produces both silver and halogen 
atoms. If given a chance these two will recom- 
bine to reform silver halide, so that the effect 
of exposure is lost. The process of chemical 
sensitization to add speed, is variously regarded 
as providing chemical acceptors for the halogen 
atoms. This stops them from combining with 
the silver, and provides the silver sulphide 
nuclei or sensitivity specks. 

None of the details of the various processes 
postulated are known with any certainty. There 
is little doubt, however, that the very first result 
of the absorption of light in a silver halide 
crystal is to split an electron from one of the 
halide ions. This spare electron is freely 
mobile through the crystal and, in effect, 
corresponds to the movement of a silver atom 
through the crystal, since, if the electron stayed 
with any of the silver ions in the crystal, a 
silver atom would be formed. If an electron is 
caught so as to be held tightly somewhere on 
the crystal, a silver ion could move up to it and 
form a silver atom there. This appears to be the 
function of the silver sulphide sensitivity speck. 

Their theory therefore comprises both an 
electronic and an ionic movement of which only 
the second strongly depends on temperature. 
This accounts for the complicated way in 
which the sensitivity of photographic emul- 
sions depends on temperature. W.FJ). 

See also: Developing negatives : Gurney-Mott theory ; 
Photochemistry. 

Books: Photographic Sensitivity (London); Progress In 
Photography (2 vols.), cd. by D. A~ Spencer (London); 
Theory of the Photographic Process, by C. E. K. Meea 
(Now York). 
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LATERAL INVERSION. Term applied to an 
image indicating that it has been reversed from 
right to left. The image of an object s»en in a 
mirror is inverted in this way, so is the image on 
the ground glass screen of a reflex camera. 

Some optical direct viewfinders give a 
laterally inverted image. A normal negative is 
laterally inverted, but right and left are restored 
iD printing by contact or projection. 

Photomechanical printing from blocks does 
not correct for lateral inversion, therefore the 
original negative must be made through a 
reversing prism with the camera at right angles 
to the copy. 

Prints made by the carbon process are 
laterally inverted unless the negative is first 
reversed or the print is made by double transf er. 

LATITUDE. Term indicating the range of 
exposure over which a photographic emulsion 
will yield an acceptable negative. Latitude is 
directly related to the length of the straight line 
portion of the characteristic curve and the 
contrast range of the subject. Generally 
speaking, the faster the film and the less the 
subject contrast the greater the latitude. 

Very slow films and colour films have 
practically no latitude; the exposure must lie 
within very narrow limits (less than half a stop) 
or the result is worthless. 

Modern high-speed amateur films, on the 
other hand, have an overall exposure latitude 
of 8-12 stops for an average subject; within 
that range the negative will be acceptable. 

See also: Exposure: Negative materials. 

LAUSSEDAT, AIMfi, 1819-1907. French 
professor of geometry and topography, and 
officer of the Engineers’ Corps. First developed 
photogrammetry as a scientific method and 
introduced it into practice in 1851. He de- 
signed or invented many early photogram- 
metric instruments. In 1861 he produced plans 
of parts of Paris from photographs taken from 
the roof of the Polytechnic College and from 
the tower of St. Sulpice. He encouraged train- 
ing in photography and furthered the scientific 
applications of photography. 

LAUSTE, EUGfiNE AUGUSTIN, 1857-1935. 
French inventor. Pioneer of cinematography 
and sound film. Worked from 1 887 to 1892 in 
Edison’s laboratory as assistant to W. K. L. 
Dickson on tho Kinetoscope and from 1894 
with Major W. Latham on a projection appara- 
tus for moving films. In 1895 constructed his 
first (wide film) projector, the Eidoloscope, 
also cameras and a printer. In 1 896 joined the 
American Biograph Co. From 1904 experi- 
mented on the recording and reproduction of 
synchronized sound and movement (pioneer 
patent of 1907) and showed his first sound film 
in Brixton in 1910. Made many sound films 
before the outbreak of the first World War. 


LEAD ACETATE. Sugar of lead. Used in 
combined toning and fixing baths for daylight 
printing papers, also in certain toners and 
intensifiers. 

Formula and molecular weight: Pb(CH, 
CO s ),.3HjO; 379. 

Characteristics: White crystalline powder, 
resembling sugar. It is strongly poisonous. 

Solubility: Highly soluble in water at room 
temperature. 

LEADER. Beginning of a miniature film used 
for loading the film into the camera. This is 
always fogged, and the film has to be advanced 
by two or three frames after closing the camera 
in order to bring the first section of unexposed 
film into position behind the lens. With most 



TEMPLATE FOR FILM LEADER. Some miniature camera need 
specially shaped film leaders for loading; these may be cut 
accurately with the aid of a suitable template. 

miniature cameras the film leader has to be 
specially trimmed to shape for loading. Film 
supplied in casse' es or refills has the beginning 
already suitably trimmed. Special trimming 
templates are available for trimming film cut 
from bulk lengths. 

With sub-standard cine film the film leader 
is the initial length used for threading the film 
through the transport mechanism and on to the 
take-up spool of the cine camera or projector. 

LEAD NITRATE. Used in combined toning 
and fixing baths for daylight printing papers, 
also in certain toners and intensifiers. 

Formula and molecular weight: Pb(NOj),; 
331. 

Characteristics: White crystals. Strongly 
poisonous. 

Solubility: Highly soluble in water at room 
temperature. 

LE GRAY, GUSTAVE, 1820-82. French 
painter and photographer. Did much experi- 
mental work in the albumen calotype, and 
collodion processes, on gold toning (1847— 
51) and wrote several books. Gave up photo- 
graphy when mass production of Cartes-de- 
Visite became the vogue. Inventor of the 
waxed paper process 1850; famous for his 
instantaneous seascapes 1856. 
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LEICA. First modern 35 mm. miniature 
camera. An unnamed prototype was built by 
Oscar Barnack in 1912 for his private use, to 
take photographs on the standard film used in 
commercial cinematography. In 1924 Ernst 
Leitz of Wetzlar started manufacturing the 
camera. The first model had a fixed lens, a 
focal plane shutter, coupled film transport and 
shutter tensioning. It used 35 mm. film in 
special cassettes which were inserted into the 
camera in daylight. Subsequent models retained 
the same principles and basic construction, but 
incorporated various refinements such as inter- 
changeable lenses, coupled rangefinder focus- 
ing, an extended range of shutter speeds, and 
flash synchronization. 

The Leica also originated miniature photo- 
graphy which, owing to the unusual technical 
requirements and novel scope of that type of 
camera, existed for a long time largely as a 
separate photographic movement. 


The Leica was also the first camera to be 
used as the basis of a camera system planned to 
cover practically every field of photography by 
the use of an extensive range of accessories and 
specialized photographic equipment. Although 
many miniature cameras have followed this 
lead, the Leica system is to-day still the most 
comprehensive and versatile. 

See alio: Camera history; Miniature camera; Miniature 
camera technique. 

LEITZ, ERNST, 1843-1920. German optician. 
Founded in 1869 the Ernst Leitz optical works 
at Wetzlar with 20 workmen (1949: 4,000) 
specializing in the manufacture of microscopes. 
His son, Dr. Erast Leitz, bom 1871, manufac- 
tured from 1924 the famous Leica camera, in- 
vented by Barnack, and from 1922 a high-speed 
cine camera with optical compensation, de- 
signed by Mechau. Biography: Jubilee Book , 
1 849-1949, edited by A. Berg (Wetzlar 1 949). 


LENS 


Optical device for forming an image of an 
object. In photography, the lens always con- 
sists of a portion of a transparent medium — 
e.g., glass or plastic — bounded by either two 
curved surfaces, or one curved and one plane 
surface. 

When rays of light pass from one transparent 
medium into another, their direction of travel 
usually changes — i.e., they undergo refraction. 
When they pass at an angle into a denser 
medium, then the rays are bent towards the 
normal (a line perpendicular to the surface at 
the point of entry of the ray). If the rays are 
themselves normal to the surface they suffer no 
refraction. When the rays emerge from the 
denser medium, they are bent away from the 
normal unless they are themselves normal to the 
surface. 

If the surfaces of the denser medium are 
parallel, then the refraction at entry is reversed 
at exit so that when the ray comes out, it is 
still parallel to its original direction but dis- 



roots OF CONVERGING LENS. X converging lens bends 
parallel rays of light so that they converge to a point of focus 
situated at a fixed distance behind the lens. 


placed to one side or the other by refraction 
inside the medium. But if the surfaces of the 
medium are not parallel, then the refraction at 
entry will no longer be exactly reversed at 
exit, and the incident and emergent rays will no 



FOCUS OF DIVERGING LENS. X diverging lens bends parallel 
rays of light so that they diverge and appear to come f rom a 
point of focus in front of the lens. 

longer be parallel. In other words, the light 
ray after passing through the medium will be 
bent at an angle to its original direction; and 
the greater the angle between the surfaces of 
the medium, the more It will be bent. This is 
the basic principle of the lens. 

Simple Function. A lens is simply a glass disc 
shaped so that rays from a point object on one 
side pass through and are bent either inwards 
towards a common point on the other side of 
the lens, or outwards as though radiating from 
a point closer to the lens than the object. This is 
achieved by shaping one or both faces of the 
disc like a portion of the surface of a sphere. 

If the curves are so arranged that the lens is 
thicker in the middle than at the edges, parallel 
rays of light falling on it will converge to a 
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LENS SHAPES. Top: Converging lensa. A, plano-convex. 
B, bi-convex. C, concavo-convex (meniscus). Bottom : 
Diverging. D, plano-concave. E, bi-concave. F, concavo-convex. 


called a virtual image; it cannot be made 
visible on a reflecting surface like a real image. 
Lens Shapes. The behaviour of the lens vanes 
according to the number of curved surfaces 
and the direction of the curvature. When both 
surfaces are convex or there is one convex and 
one flat face, the lens is always a converging 
type. When both are concave, or there is one 
concave and one flat side, the lens is always a 
diverging type. When there is one concave and 
one convex side the lens may be either converg- 
ing or diverging depending on the relative 
curvature. If both sides have the same radius of 
curvature the lens is neither diverging nor con- 
verging. Each type has its special uses and each 
has a distinguishing name; 


point on the opposite side. It is then called a 
converging lens. 

If the curves are so arranged that the lens is 
thinn er in the middle than at the edges, parallel 
rays of light falling on it, when seen from the 
other side, will appear to radiate from a point. 
It is then called a diverging lens. 

Since any object caa be considered as a 
collection of points, then a converging lens, 
by producing point images of all the object 
points, forms an image similar in all respects 
to the object. If a light reflecting surface is 
placed in the plane of the image points, a 
visible image of the object will be formed on it. 
This, in fact, is the type of image formed on the 
focusing screen of the camera and which 
registers as a latent image on the sensitized 
material during exposure. Such an image is 
said to be a real image. 

A diverging lens does not form a real image; 
the rays of light from the object are not bent 
inwards after refraction: they open out so that 
they appear to come from a point nearer than 
the object This point is merely apparent; it is 
not real. So the image formed by all the points is 


TYPES OF LENSES 


Plane Con- 

Con- Name 

Thickest 

Effect 

vex 

cave 

at 


| | 

Plano-convex 

Middle 

Converging 

1 

2 

1 Plano-concave 
Bi-convex 

Edges 

Middle 

Diverging 

Converging 


2 Bi-concave 

Edges 

Diverging 

1 

1 Concavo-convex Middle 

Converging 

1 

1 Concavo-convex Edges 

Diverging 


In practice lenses may be either simple — 
i.e., a single shaped glass — or compound — Le., 
an assembly of glasses with characteristics 
intended to balance out certain inherent short- 
comings of the simple components. 

There are a number of basic optical rela- 
tionships which, with certain modifications, 
apply to both simple and compound lenses. 

The Principal Focus. The straight line about 
which the lens or objective is symmetrical is 
called the axis. The centres of curvature of all 
the curved faces of the lens lie on the axis. 

When rays of light pass through a converging 
lens parallel to its axis, as though coming from 
a point very far away — i.e., at infinity — they 



NODAL POINTS. A composite lens behaves as if it were a simple lens which receives the light at one point and discharges it at 
another. These two points are the nodal points, and the dotted lines passing through them are the principal planes. O, object 
I, Image. N t , front nodal point N a , rear nodal point. U, object distance. V, image distance. 
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are bent inwards and meet at a point on the 
axis. This point is called the principal focus of 
the lens. Light passing through a diverging 
lens in the same way is bent outwards so that 
it appears to come from an imaginary point 
on the other side of the lens. This point also is 
called the principal focus of the lens. 

The principal focus of a converging lens is a 
real point and the image formed by the lens is 
a real image that can be focused on a screen. 
The principal focus of a diverging lens is not 
a real point in the same sense, and the image 
cannot be made visible by projecting it on to a 
screen. This type is known as a virtual image. 

If the rays of light pass through the lens in 
the opposite direction, they reveal a second 
principal focus on the other side of the lens. 
The planes at right-angles to the lens axis 
which pass through the principal foci are 
called the principal focal planes of the lens. 
Both the principal f oci lie on the axis of the lens. 

Usually lenses have plane or spherical sur- 
faces since these are easy shapes to grind and 
polish, but sometimes non-spherical (aspheric) 
surfaces are used. 

Focal Length. The distance from the centre of 
the lens to the principal focus is known as the 
focal length of the lens. This is the distance at 
which all parallel rays of light — i.e., those 
coming from a very distant object — converge 
to form a sharp image on a film or plate. If 
the object is closer, then the image will be 
formed farther away from the lens. 

If the object is at infinity, the' lens-plate 
distance that gives the sharpest image is equal 
to the focal length of the lens. If the object 
is closer than infini ty, the required distance is 
always greater than the f ocal length. Finding 
the distance that gives the sharpest image of a 
particular object is known as focusing the lens. 

If the focal length of the lens is known, the 
lens-plate distance can be calculated from the 
basic equation: 



where u - distance from the object to the lens 
v - distance from the image to the lens 
F = focal length of the lens. 

This equation is not very convenient for 
calculations and adaptations are more often 
used. 

Equivalent F ocus. Like simple lenses, compound 
lenses — i.e., with more than one component — 
have their principal foci found in the same 
m ann er by determining the position of the 
image-point of a distant object on the axis of 
the lens. 

Simple lenses are treated as though they have 
no thickness, and it is assumed that the object- 
lens and lens-image distances are measured 
from the centre of the lens. Compound lenses 
cannot be treated as though they have no 
thickness, and in calculations on compound 



FOCAL LENGTH AND SCALE. Top: A lent of than focal length, 
f, fhroducxs a smaller Image of an object a given dinonce away, 
but coven a greater port of that object . Bottom: A lens of 
longer focal length f t yields a larger image of the same abject 
at the same distance In front of the lens, but on a similar 
negative size will include a smaller object area, 

lenses, the object distance is measured from 
one fixed point in the lens and the image dis- 
tance measured from another. These points 
are called the nodal points of a lens and the 
planes through them at right-angles to the axis 
are called the principal planes. The distance 
from the second nodal point to the rear princi- 
pal focus is the equivalent focal length of the 
lens ; the distance from the first nodal point to 
the front principal focus is also the equivalent 
f ocal length of the lens. 

The equivalent focal length governs the size 
and position of the image formed in the same 
way as the focal length governs the size and 
position of the image formed by a simple lens. 

For all optical calculations such as those 
based on the equation 


the object and image distances are measured 
from the nodal points, and the value given to F 
is the equivalent focal length of the lens. 

When the lens is part of a camera, it is more 
convenient to define the image position for a 
distant object in terms of the distance from the 
surface of the rear element to the rear principal 
focus. This distance is called the back focal 
length of a lens. There is also the corresponding 
front focal length. 

Focal Length and Field. If a comparatively large 
image is required, a lens of long focal length is 
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used, since this produces a larger image than 
one of short focal length. At the same time, 
for a given negative size, the larger the image 
formed by the lens, the smaller the proportion 
of the field which will be recorded on the 
negative; so in practice the final choice of focal 
length is controlled by the amount of the field 
that the lens is to cover, or its angle of view. 

The exact relation of the field covered to the 
focal length of the lens is given by the equation 
0 

2F tan — d 

where F = equivalent focal length of the lens 
0 = total angle of field subtended by 
the object at the lens 
d = diagonal of the negative. 

The field of photographic lenses generally 
lies between 15° and 140°. Within these limits 
lens designers have produced a wide variety 
of lenses, each one with a particular purpose 
to fulfil. Thus a lens which is designed for a 
30° field gives poor results over a 50° field, 
and although a 50° angle lens has quite a good 
performance over a 30° field, it is never as 
good as a lens designed to cover 30° and no 
more. 

The angle of a lens gives very little indication 
of the general type of construction — e.g., Speed 
Panchro lenses of various designs have fields 
of from 14° to 53°, while triplets vary from 
25° to 70°. 



INTERCHANGEABLE LENSES. Certain cameras, notably pre- 
cision models taking 24 x 36 mm. negatives, often take a whole 
series of Interchangeable lenses of various focal lengths to 
caver a range of image angles. A typical series may include 
lenses from 3*5 or 4 cm. wide-angle to 40 or SO cm. telephoto 
unfit with angles from around 60° down to 5*. 


However, for fields greater than 70°, special 
wide-angle lenses are made. These are generally 
variations of the symmetrical type of con- 
struction. A good modem wide-angle lens 
may cover an angle of as much as 100° at 
/ 32. Such a lens has a maximum aperture 
of /6-3, which is, however, used only for focus- 
ing. Special wide aperture lenses are available 
to cover 70° to 80° at apertures as great 
as/4-5. 

Normally a lens of very long focal length 
requires a long camera extension. This is unde- 
sirable, and has led to the development of the 
telephoto lens which has a long focal length, 
but which works with a normal amount of 
camera extension. 

The power of a telephoto lens is defined as 
the ratio of its equivalent focal length to its 
back focal length. This ratio is increased by 
making the lens of two widely separated com- 
ponents. The front component causes the 
light to converge, while the back component is 
divergent. In the most modern designs, both 
the front and rear components are quite com- 
plex. 

Telephoto lenses of early forms suffered from 
severe distortion, but this was considerably 
reduced in later designs. An average modem 
telephoto lens will work at an aperture of / 5 -6 
and cover a field of 15° to 30°. 

Aberrations. All lenses suffer more or less from 
basic shortcomings inherent in their design and 
construction which prevent them from forming a 
perfect image of the subject. These imperfec- 
tions, known as aberrations, are of a number of 
distinct kinds, and are eliminated or reduced 
by the lens designer in various ways — e.g., by 
introducing extra lens components with equal 
and opposing aberrations. 

The process of reducing the aberrations is 
known as correcting the lens, and the further it 
is carried the more expensive it becomes. In 
practice a lens is corrected only just enough to 
meet the specification laid down; to go beyond 
that point would simply multiply the cost of 
the lens to no good purpose. 

Aperture and Diaphragm. It is generally neces- 
sary to be able to control the amount of light 
that passes through a lens — e.g., as a means of 
adjusting the exposure. This is done by placing 
a diaphragm with a hole in it in the path of the 
light rays. The size of the aperture can be 
varied according to the amount of light that is 
to be allowed to fall on the sensitized material 
to make the exposure. The control which alters 
the size is calibrated in /-numbers. The /- 
number at any setting is the ratio of focal 
length to effective optical diameter (which is 
not necessarily the same as the physical dia- 
meter of the lens opening) ; it is thus a relative 
measure of the aperture. The brilliance of the 
image varies in proportion to the /-number; it 
does not depend upon the actual size of the 
lens or its diameter. So all lenses set to the same 
/-number form images of equal brilliance and 
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APERTURE AND FOCAL LENGTH. Top and centre: Two /ease* 
of t ho some diameter but of different focal length produce 
images of different sizes and therefore of different brightness. 
Bottom: As the lens is stopped down, the brightness of the 
image decreases still further. 

hence call for the same exposure, no matter 
what their focal length. 

The diaphragm has another function: it con- 
trols the depth of the field of sharp definition 
within which any focused object lies. The 
smaller the aperture, the greater the depth of 
field sharply covered. 

The aperture also gives control of certain 
types of aberration, and all lenses require a 
diaphragm to restrict their useful area in some 
degree for this reason. 


Coating. When a lens is composed of a number 
of elements, the amount of light lost through 
reflection at each of the surfaces may add up to 
a serious amount of the image-forming rays. 
Most of this loss is prevented by the process of 
coating or blooming the lens surfaces with a 
thin film of a suitable metallic fluoride. Practi- 
cally all multiple glass lenses are now treated 
in this way. 

Special Lenses. In some cases lenses are re- 
quired with special characteristics — according 
to the particular work the lens is intended for. 
Lenses designed for such purposes are usually 
named according to their function — e.g., 
enlarging lenses, process lenses, projection 
lenses. 

There are also lenses which are designed to 
produce special effects. These involve quite 
unusual constructions rather than just differ- 
ences in normal characteristics. Instances are: 
the Hill cloud lens, designed to cover a field of 
1 80 degrees so that the sky can be photographed 
on one negative; the variable focus lens, used 
to get continously variable focal lengths, and 
thus image sizes; the Fresnel lens — a simple 
lens of unusual shape — intended for spotlamps. 
Engraved Data. All lenses of any value have 
certain information engraved around the rim 
of the mount. 

This may appear in the following form and 
order: maker’s name and sometimes city or 
town; name of lens; focal length; maximum 
aperture (expressed as a ratio of aperture 
diameter to focal length when the aperture 
diameter is unity) ; and maker's serial number. 
For example: J. Smith, Leeds, Speedamatic, 
/= 135 mm., 1 : 4-5, No. 413548 D.P.C. 

See also: Aberrations of lenses; Circle of confusion; 
Coated lens; Covering power; Diaphragms; Lens care; 
Lens hhtory; Lens manufacture; Lens mounts; Lens 
testing; Optical calculations; Optical glass. 

Books: Introduction to Applied Optics (2 vols.), by L. C. 
Martin (L ndon); Lenses in Photography , by P. Kingslake 
(New York); Photographic Optics, by A. Cox (London). 


LENS CAP. Opaque metal, rubber or plastic 
cover slipped over the lens of field and similar 
cameras to protect it. With early cameras 
which had no shutters the photographer made 
the exposure by uncapping the lens for the 
required time. This method is still used for 
making long exposures with stand cameras. 

Most hand cameras have a baseboard which 
covers the lens when the camera is folded; 
where there is no such protection these cameras 
are usually supplied with detachable lens caps. 

LEINS CARE. The optical glass used for making 
lenses is usually much softer than other kinds. 
It is not easy to clean once it has been allowed 
to get dirty; everything should be done to 
keep it clean in the first place. If the lens has a 
lens cap, it should be left on unless the camera 
is actually being used; if the lens is detachable. 


it should have a cap over each end when it is 
out of the camera. Folding cameras should 
never be left open when they are not in use. 

The lens surfaces should never be touched 
with the fingers. Fingers leave greasy prints that 
dust will stick to, and may leave acid perspira- 
tion that will actually destroy the high polish. 

Dry dust is best removed from the lens with 
a soft camel hair brush or by blowing it off 
with an air jet from a watchmaker’s bellows 
or a cycle pump — not by breathing on it. 

Grease and finger marks may be removed by 
wiping the surface gently with a piece of soft, 
well-washed cotton rag or wash-leather. The 
special tissues made for cleaning lenses are 
excellent; they can be used once and thrown 
away, so that there is no danger to the lens 
surface from dust and grit picked up and 
embedded in the tissue. 
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A stubborn film over the lens may call for 
a drop of methylated spirit on the cleaning 
tissue. No spirit should actually flow on to the 
lens or it may penetrate between the cemented 
components and loosen them. 


When, through wrong cleaning methods, 
a lens has lost its high polish, it should be 
returned to the maker for repolisbing; no one 
but a specialist should tackle this job which 
requires precision equipment. F.P. 


LENS HISTORY 


The lens in its simplest form has been known 
for hundreds of years; references to the use of 
a magnifying glass occur in writings of the 
eleventh century. The first use of a lens in a 
camera, however, was probably in the camera 
obscura of Gardano in 1550; the lens was of 
biconvex form and made of crown glass. 
Chemical recording of the image was un- 
known; it was simply viewed on a screen, often 
a marble table-top. No attempts were made to 
correct the lens for the various optical aberra- 
tions, and the photographic lens really origi- 
nated in 1812, when the English physician, 
Wollaston, first recognized one of the most 
important principles in lens design — that 
certain aberrations could be controlled by 
suitably positioning a stop with respect to the 
lens. 

The Wollaston meniscus gave reasonable 
definition at / 16 over a field not greater than 
50°. More simple meniscus photographic 
lenses have been made than of any other 
form, for use in fixed focus box cameras. 
Wollaston’s lens was uncorrected for colour, 
and the achromatized meniscus was introduced 
by Chevalier in 1 829, the principle of combining 
a positive lens of crown glass with a weaker 
negative element of flint glass having been 
already applied to the telescope object glass. 

The period 1 840-60 saw the birth and growth 
of photography, as in those years great strides 
were made in the chemical recording of the 
image formed by the camera lens. The advant- 
age of a fast lens — that is, a lens of large relative 
aperture — was now obvious, and ensuing 
developments had this aim, together with im- 
proved definition over a larger angular field. 
Petzval Lens. Recognizing the need for lenses 
of increased speed, the Hungarian mathema- 
tician J. Petzval, in 1840 made a complete break 
from the traditional lens type of his day and 
evolved the Petzval lens with a relative aperture 
rated at / 3-6, possibly basing his design on the 
Fraunhofer telescope objective. The lens had 
good correction of spherical and chromatic 
aberrations and coma, but astigmatism and 
field curvature were considerable; the lens was 
most suitable, therefore, for portraiture re- 
quiring high aperture but small field and 
established itself at once as the best portrait 
lens all over the world. Many years later it was 
developed for high-speed taking and projection 
lenses in cinematography. 

Orthodox Development. Few attempts were 
made to develop the Petzval lens on its intro- 


duction, possibly because designers were 
intent on evolving lenses with large angular 
fields rather than high relative apertures, and a 
period of some eighty years elapsed before a 
lens of higher aperture was produced. 

Following the lead of Wollaston and Che- 
valier, the next fundamental advance was the 
introduction of the symmetrical type of lens 
to give reduced distortion and coma. The 
Goerz Hypergon appeared in 1900, and con- 
sisted of two meniscus lenses of equal power 
symmetrically placed on either side of a stop. 
The coma contributions of the two elements 
were equal but opposite in sign, and distortion 
was small if spherical aberration was also 
small — that is, at low aperture ratios. Spherical 
aberration was considerable, chromatic aber- 
ration uncorrected and the field was curved. 
Reasonable definition was obtained at /30, and 
it was claimed to be usable over a field of 135°. 
The Hypergon was, in fact, the first wide-angle 
lens. 

Of historical interest is the Panorama lens 
introduced by Thomas Sutton at about this 
time, and consisting of a hollow glass sphere 
filled with liquid (water or acids). It was of 
symmetrical form as it had a astral stop, and 
was fitted with a butterfly diaphragm to give 
more uniform illumination over the plate. It 
covered a field of 120° at /12. In 1862 appeared 
the first achromatic symmetrical-type lens, 
the Globe lens of Harrison and Schnitzer. 
The outer glass surfaces were concentric, 
and the lens covered 92° at /17-5. Better 
known, however, are the lenses simultaneously 
introduced in 1866 by Steinheil in Germany 
and Dallmeyer in England; the latter's Rapid 
Rectilinear had a relative aperture of /8, but 
the field was limited to 40° or 50°, and even 
over this angle was heavily curved. A wide- 
angle form of the R.R. was introduced to 
cover a field of 100° at/ 15. 

Early Anastigmat Period. Lens designers at this 
time were handicapped by limitations set by the 
optical glasses available: to satisfy the condi- 
tions for achromatism and flatness of field, 
glasses were required in which high refractive 
index was associated with low dispersion, 
whereas, in the crown and flint glasses then 
used, high index went with high dispersion. In 
1888 Abbe and Schott in Germany produced 
stable glasses with the desired properties, and 
soon afterwards Schroeder published the design 
of the Ross Concentric. This lens was the first 
anastigmat — that is, the field (70°) was reason- 
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DEVELOPMENT OF PHOTOGRAPHIC LENS DESIGN. Simple lenses: I. Wo llaston Meniscus. 2. Achromatized Meniscus. (Early 
symmetrical designs.) 3 Petzval lent. A. Gaerz Hypers on. 5 Liquid filled Panorama lens. 6. Globe lens. 7. Rapid Rectilinear, t he 
best-known symmetrical lens. 8. Ross C centric. 9. Zeiss Protar. 10. Double Protor. 1 1. Gaerz Dagor. Anastigmat lenses: 12. 
Original Cooke Triplet. 13. A Idis Anastigmat . 14. Zeiss Tessar, the best known triplet derivative. 15. Dallmeyer Pentac. 16. Lefts 
Hekter. 17. Zeiss bonncrfl. 18. Zeiss Sonnar fl-S. 19. Cooke Series X. Modern high-speed symmetrical types. 20. Cooke Avlar. 
21. Ross Hamamentflc. 22 Coolie Series O. 23. Warmisham. fl‘3. 24. Lee fl-0. 25. Zeiss Orthometar. 26. Zeiss Topogonwlde angle. 
27. Zeiss fD-65. Telephoto and inverted telephoto lenses: 28. Telephoto attachments for normal camera lenses. 29. Zeiss 
Telephoto, 30. Dallmeyer Ad on. 31. Busch BisteJar. 32. Booth Telephoto. 33 Distortionless telephoto lens. 34. Inverted telephoto 
design. 35. Hill Claud lent. 36. Watson variable focus zoom lens. Mirror lens systems: 37. Schmidt. 38. Bouwers and Maksutov. 
39. Unfoot and Hawkins. Anamorphlc system: 40. Brewster’s prisms. 
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ably flat and tolerably free from astigmatism — 
and consisted of two achromatic doublets 
using the new barium crown glass of high 
index and a new flint glass of low index. This 
combination, however, was the opposite of 
that required for correction of spherical 
aberration, and the lens could be used only at 
the small relative aperture of / 16. 

This difficulty was overcome by Rudolph, 
of Zeiss, who in 1890 introduced the Protar, 
combining an old achromat on one side of the 
stop to correct spherical aberration with a new 
achromat on the other side to correct astig- 
matism. The lens worked at / 7-5. In 1894 
improved corrections were obtained in the 
Double Protar, in which the old and new 
achromats were cemented and duplicated on 
either side of the stop. Von Hoegn of Goerz 
achieved a similar result with six elements in 
the Dagor, working at / 6-8 over a field of 70°. 

The symmetrical form was retained at this 
time to reduce coma and distortion, but each 
half could be used separately, with poorer 
correction, giving lenses of different focal 
lengths. The complete lens was then called a 
convertible. These symmetrical type anastig- 
mats had similar properties; the relatively flat 
field enabled wide angles to be covered but the 
large residual spherical aberration restricted 
the useful aperture. 

Cooke Triplet and Derivatives. Possibly the 
most fundamental advance in lens design was 
made in 1893 by H. D. Taylor in the Cooke 
lens. Curvature of the field depends on the 
resultant sum of the powers (with due respect 
to sign) of the separate surfaces of a lens 
system. H. D. Taylor first took a positive and 
a negative lens of approximately equal powers, 
so that the field curvature was small, and 
separated them sufficiently to give a resultant 
positive lens. To correct distortion he divided 
the positive element into two, placing one 
part on each side of the negative member. To 
achromatize a system for points off the axis it 
had been considered essential to achromatize 
each component separately; H. D. Taylor 
discovered that the system could be achroma- 
tized as a whole. Spherical aberration and coma 
were corrected by suitable choice of curves, 
and astigmatism by placing the stop near to the 
negative component. The lens worked at /3 
and covered a field of 40°; it was, there- 
fore, considerably faster than contemporary 
designs — e.g., the Dagor — but covered a smaller 
field. Later, more symmetrical types were 
introduced to cover wider angles. 

The Cooke Triplet provided a construction 
capable of adaptation in symmetrical and 
unsymmetrical forms. Most modern anastig- 
mats are derived from it, the tendency being 
cowards the symmetrical form with its better 
field correction. In the Aldis Anastigmat at 
/ 4-5 the front components were cemented. A 
well-known derivative of the triplet is the 
Zeiss Tessar introduced by Rudolph in 1902; a 


doublet rear member is employed, and the lens 
originally worked at /4-5 over a 50° field. 
The aperture has been increased to /3-5 
without serious deterioration in definition. The 
Leitz Elmar is a Tessar type, as also is the Rem 
Anastigmat; the latter is used over a field of 
65°. The Ross Xpres can be regarded as a 
development of the Tessar type, having a triple- 
cemented back component. 

In the VoigtlSnder Heliar the front and back 
components are doublets, as also are those of 
the Booth (Dallmeyer) Pentac with a relative 
aperture of /2-9. The Hektor, due to Berek of 
Leitz, utilizes three doublet components and 
works at /1*9. In the Zeiss Sonnar / 2 and 
/1-5 lenses, triple-cemented components are 
used; the angle covered is 48°. In a relatively 
simple derivative of the triplet, Lee (1926) 
increased the aperture to /2-5 by using a 
double-back component in the Taylor-Hobson 
Cooke Series X. 

Quadruplet Types. Whilst H. D. Taylor in the 
Cooke Triplet had actually divided the positive 
lens into two components, he also suggested 
that the negative lens could be similarly divided 
and the two parts placed on either side of the 
stop, the resultant system being of a symme- 
trical type, more suited f or larger angular fields. 
This form was developed by Goerz in their 
Celor and Dogmar lenses (1898) and further 
developed by Warmisham about 1914 into the 
Taylor-Hobson Aviar working at /4-5. In 
the Ross Homocentric all four components 
are of meniscus form, and the lens works at 
/ 5-6 over a 50° field. 

The demands of the cinema industry and of 
the miniature camera user were for faster lensesj 
with a high standard of definition. By employ* 
ing doublet negative lenses, Rudolph increased 
the aperture to / 3-5 in the Zeiss Planar, and id 
1920 Lee increased it still further to /2-IJ 
in the Taylor-Hobson Series O. The Leiu^ 
Summar, the Schneider Xenar and the Zeiss 
Biotar are all of similar construction. Departure 
from symmetry and increase in complexity 
are shown in the /I -3 lens, due to Wannisham, 
and the / 1 -0 lens, due to Lee. 

The quadruplet lens with meniscus com- 
ponents is particularly adaptable to a wide- 
angle form at a moderate aperture. The Zeiss 
Orthometar introduced in 1931 and the Rosa 
Wide-angle Xpres have a relative aperture of 
/ 4 and cover a field of 70° with very good 
distortion correction. The Zeiss Topogon, 
introduced in 1933, covers 90° at / 6-3, and 
a similar form is made by Bausch and Lomb 
as the Metrogon. The Ross / 5-6 wide-angle 
survey lens has the rear positive component 
divided into two elements. 

Petzral Derivatives. The Petzval type of lens, 
characterized by large aperture but small field, 
remained largely undeveloped for many years. 
Designers were at first attracted more by the 
potentially better field correction of the sym- 
metrical type, and later by the even greater 
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potentialities of the triplet construction. For 
portraiture, however, the lens remained popular 
for a long time. The demand of the cinema 
industry for projection lenses with large 
apertures but relatively small angular fields 
ultimately aroused interest in its capabilities. 
Most cinema projection lenses are of the Petzval 
type with relative apertures up to /I -9. When 
larger angular fields are involved, as in back 
projection, the lenses are usually triplet deriva- 
tives. 

As a high speed taking lens for cinemato- 
graphy the type was developed by Warmisham 
to / 1-3; and for radiography to /0-85 by 
Zeiss and to/O-83 by Lee. 

Telephoto Lens. The telephoto principle was 
applied by Barlow to telescopes in 1 834, and to 
photographic lenses in 1891 simultaneously by 
Dallmeyer in England, Duboscq in France and 
Miethe in Germany. Dallmeyer first intro- 
duced a complete telephoto lens, consisting of 
an achromatic positive component and a triple 
negative. This was too slow, and was super- 
seded in 1 892 by a symmetrical triple negative 
lens to be used with a (positive) portrait lens 
of the Petzval type. A year later he introduced a 
negative attachment consisting of a pair of 
negative doublets and considered particularly 
suitable for medium magnifications. Several 
firms marketed their own versions of these 
negative attachments. Variation of focal 
length of the combination was obtained by 
altering the separation of the negative attach- 
ment and the positive lens with which it was 
used. These combination lenses were unsatis- 
factory, since field curvature and astigmatism 
were over-corrected (that is, the field was 
convex towards the lens), pincushion distor- 
tion was prominent and oblique colour was 
objectionable. 

In 1898 Rudolph of Zeiss reverted to the 
original aim of Dallmeyer and introduced a 
telephoto lens complete. Dallmeyer in 1901, 
followed by Plaubel in 1905, introduced an- 
other type of attachment in the form of a low- 
power Gallilean telescope. The Dallmeyer 
attachment was called the Adon and had a 
magnification of three; it was not completely 
telescopic, and could be used alone as a tele- 
photo lens of small aperture. This type of 
attachment was considered particularly suitable 
for use with the small lenses fitted to hand 
cameras with limited bellows extension. In 
more recent times a Gallilean attachment has 
been introduced by Schneider, and is mainly 
intended for use with lenses working with 8 mm. 
and 9-5 mm. film. 

Fixed Focus Telephotos. The first successful 
fixed focus telephoto lens, capable of replacing 
the usual lens on the hand camera and giving a 
larger picture with the same bellows extension, 
was probably the Bistelar introduced by Busch 
in 1906. It had a relative aperture of /7 or 
/ 9, depending on the focal length, and a 
telephoto effect of two, and was followed by the 
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Zeiss Magnar of / 10 and a telephoto effect of 
three. 

In 1910 Dallmeyer produced the Grandac, 
and in 1912 Booth offered the New Large 
Adons with relative apertures of / 4-5 and 
/ 5-6 and of similar form to the Bistelar. The 
Telecentric of Ross, with apertures of / 5-4 
and /6-8, had a triple positive component. 
These telephoto lenses were free from many of 
the defects of the variable magnification types, 
but still suffered from astigmation and dis- 
tortion. 

Anasti gmat Telephotos. The first anastigmat 
telephoto lens was designed by Booth in 1914 
with an aperture of / 6; it was corrected for 
flatness of field and astigmatism, as well as 
for spherical and chromatic aberrations, and 
in definition was a considerable improvement 
on its predecessors. In 1 920 the same designer 
lightly simplified the construction by using a 
cemented positive component, and the lens 
was made by Dallmeyer as the Dallon with an 
aperture of/ 5 -6 and a telephoto effect of two. 
The Zeiss Teletessar at / 6-3 also consisted of 
two cemented components, whilst the Ross 
Teleros at / 5 -5 has a triple cemented negative 
component. By separating the positive com- 
ponent into two elements (one cemented) Lee 
increased the aperture to / 3-3. 

Distortion had been considered an inherent 
drawback of the telephoto construction, and 
was present in all of the types mentioned. The 
first distortion-free telephoto lens was designed 
by Lee, with an aperture of/ 5 and a telephoto 
effect of 2-3. The field covered by anastigmat 
telephoto lenses is usually 30°. For cinema- 
tography, the aperture of the telephoto lens 
has been advanced to / 1-65. 

Inverted Telephoto Lens. In the telephoto con- 
struction with the positive component in 
front of the negative the equivalent focal 
length is greater than the back focal distance: 
with the negative component in front of the 
positive the focal length is less than the back 
focal distance. For a given focal length, there- 
fore, the inverted telephoto construction gives a 
greater back clearance, a convenient arrange- 
ment if it is necessary to interpose other optical 
elements between the lens and the focal plane. 
In some systems of colour cinematography, 
for example, a beam splitting prism has to be 
accommodated in this space. One such in- 
verted telephoto design, due to Lee, is used for 
photography in Technicolor; a lens of 1J 
ins. focal length covers the 35 mm. film frame, 
with an aperture initially /2 and later in- 
creased to / 1-7. 

Another effect of the inverted telephoto con- 
struction is a widening of the angular field, and 
this property has bean utilized by R. Hill in his 
Cloud lens for photography of the whole sky, 
the field covered being 180° at a very small 
aperture; distortion is deliberately large. The 
principle of the Hill lens was extended by 
Zeiss in the Pleon and Sphaerogon lenses 
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patented about 1935. The Elgeet Company 
has recently introduced a 13 mm. /I -5 reversed 
telephoto lens for 16 mm. cameras. 

Recent Developments. The post-war years have 
seen great activity in photographic lens design, 
and possibly the most important reason for 
this is the introduction of new optical glasses. 
High-index glasses with low dispersion have 
been introduced, the use of which enables 
flatter curves to be employed on the lens 
surfaces, with reduced zonal spherical aberra- 
tion and astigmatism. 

No fundamentally new design has been intro- 
duced, but improved developments have been 
made of most of the already existing types. 
Successors of the triplet construction with a 
meniscus element in the front air space 
(originally due to Ememann) include the Kodak 
Cine Ektar / 1 -9 lenses and the Kem Switar 
and Pizar lenses of / 1 -4. From the quadruplet 
design the following lenses have evolved: the 
Wray Lustrar / 4-5; the Summarit /1-5 and 
Summarex /1-5 for the Leica camera; the 
Taylor-Hobson Amotal /2 for the Foton 
camera and the Ivotal / 1-4 for 16 mm. cine- 
matography; the Dallmeyer Septac /1-5; the 
Kodak Aero Ektars / 2-5; the Ross Xtralux 
/ 2; the Wray Unilite fl and Cine Unilite 
/ 1-9 and / 1-0 copying lens. An / 0-71 lens of 
unusual form with a very short back focus has 
also been produced. 

Performance of the Petzval type has been 
improved by the use of crown glass of high 
index, and there has been a revival of the use 
with this lens of a negative component close to 
the focal plane to correct field curvature in a 
2 ins. / 1 -5 projection lens, by Schade, to 
cover 14°. This arrangement was originally 
used by Piazzi Smyth in 1866. 

Variable Focm Leases. The scale of the picture 
taken with a camera depends upon the focal 
length of the lens used; from a given viewpoint 
to photograph a particular object at different 
magnifications necessitates the use of different 
lenses. In cinematography a need arose for a 
lens of continuously variable focal length, 
within certain limits, so that close-ups could 
be taken, the image remaining sharply focused 
on the film as its size was altered. Projection 
lenses of variable power were described as 
early as 1902, but taking lenses of this class 
seem to have been developed from 1930 on- 
wards. Generally at least two components 
of the lens system are moved in relation to the 
focal plane and to each other, and precision 
cams giving non-linear axial movements are 
necessary. 

One British made variable focus lens has 
been extensively used in cinematography and 
consists of two compound negative lenses 
placed one on either side of a large aperture 
system, both negative lenses being moved and 
giving a focal length range of three to one. More 
recently (1950) Hopkins has described a zoom 
lens for television broadcasting, with a ratio of 
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extreme focal lengths of five to one. In this 
lens, the two central negative lenses are moved 
axially by suitable cams, the relative aperture 
falling from / 3 to / 6-3 as the focal length is 
increased. Zoom lenses have also been made for 
use with sub-standard cine and miniature still 
cameras. 

Mirror Lenses. A disadvantage of the orthodox 
lens with refracting elements — a dioptric 
system — is that colour correction is never per- 
fect, there being always a residual secondary 
spectrum. The attraction of an all-reflecting 
(catoptric) system with its complete freedom 
from chromatic aberration is therefore obvious, 
particularly in the utilization of actinic ultra- 
violet radiation or in extending the sensitivity 
of the emulsion to the infra-red. Whilst 
mirror-lens combinations had been used pre- 
viously, the arrangement used by Schmidt in 
1931 was probably the first successful photo- 
graphic lens of this type. Coma and astigma- 
tism of the spherical mirror were e limina ted 
over a curved field by placing a stop at the 
centre of curvature, and spherical aberration 
was corrected by a plate of suitable aspheric 
form in the plane of the stop. The system is 
strictly catadioptric, since refraction occurs at 
the correcting plate, but even so, chromatic 
aberration is negligible. A relative aperture 
greater than / 1 -0 was obtained, but the field 
was steeply curved. 

The aspheric correcting plate was replaced 
by Gabor with a meniscus element using 
spherical surfaces, and independently by 
Bouwere and Maksutov with a concentric or 
near-concentric meniscus of appreciable thick- 
ness. An achromatized corrector consisting 
of a meniscus plate and a doublet aspheric 
plate has been proposed by Linfoot and 
Hawkins, on the grounds of greatly improved 
definition, whilst Wynne has suggested a 
double meniscus corrector. 

The main application of the Schmidt lens 
and its developments has been in astronomy, 
where extremely high apertures are required. 
For X-ray fluorography, a Danish firm has 
made a 4 ins. /0-75 for 35 mm. film and a 
6 ins. /0-85 for 70 mm. film. The lens has also 
been used for television projection, the curved 
end of the cathode-ray tube matching the 
curved field of the lens. Aspheric correcting 
plates of moulded gelatin have been described. 
Non-Reflecting Films. At every air-glass sur- 
face of a refracting lens system approximately 
5 per cent of the light incident there is reflected; 
the precise amount depends on the refractive 
index of the glass (and on the degree of polish 
and cleanness of the surface). In a complicated 
system, therefore, as much as 50 per cent of the 
incident light may be reflected backwards and 
forwards between the surfaces, a good propor- 
tion finally emerging and spreading over the 
image plane. The light transmission of the lens 
is thus reduced, and from the point of view of 
speed its rated /-number is incorrect: for an 
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unbloomed lens of eight air-glass surfaces the 
effect is equal to approximately half a stop. For 
this reason it has been proposed that aperture 
markings should be photometrically calibrated, 
and some manufacturers are, in fact, engraving 
“T-numbers” on their lenses. The effect of the 
non-image forming light falling on the focal 
plane may be more serious than the fall in 
transmission, however, because the contrast of 
the image may be seriously reduced, especially 
in shadow areas. 

H. D. Taylor in 1892 first recorded that the 
surface reflection at an air-glass surface was 
reduced if the surface had become naturally 
bloomed by atmospheric action. For light of a 
given wavelength, if a layer of a suitable 
refracting material is deposited on the surface 
with a thickness of one-quarter wavelength, 
destructive interference occurs between light 
reflected at the air-film, film-glass surfaces and 
the amount of light reflected is reduced. Ideally, 
the refractive index of the film, for the wave- 
length considered, is equal to the square root of 
that of the glass on which it is deposited. 
Magnesium fluoride has a suitable refractive 
index, the value for the helium d line being 
1-390. This substance is deposited by vacuum 
evaporation to the requisite thickness. The 
process is most commonly employed for the 
production of non-reflecting films, and was 
first described by Cartwright in 1939. 

For white light, the film thickness cannot be 
ideally correct for all wavelengths and a com- 
promise is adopted; as an average value, ref- 
lected light is reduced to 1 per cent per surface. 
With a complex photographic lens the increase 
in light transmission is appreciable, and a 
bloomed lens of eight air-glass surfaces is only 
about one-quarter stop slower than an ideal 
lens of the rated /-number (compared with one- 
half stop for an unbloomed lens of similar con- 
struction). The increase in contrast, due to the 
reduction in reflected light, is quite considerable. 


The use of non-reflecting films is not con- 
fined to photography, but the process is of 
particular importance in this field because it 
has reduced the effect of the large number of 
air-glass surfaces, which constitute one of the 
major disadvantages of modem designs of high 
aperture lenses. 

Anamorphotic Systems. In general, within the 
limits set by any inherent distortion, the photo- 
graphic lens forms an image geometrically 
similar to the object. Trapezoidal distortion 
can, of course, be introduced by a suitable tilt 
of the plane of the photographic plate or film 
and of the screen of an enlarger. Descriptions 
of optical systems which will deliberately dis- 
tort the object by giving different magnifica- 
tions in two mutually perpendicular meridians 
date back for a hundred years. Brewster’s 
teinoscope consisted of a refracting prism 
system, whilst G. Chretien proposed the use of 
cylindrical lenses in three-colour photography, 
and combinations of cylindrical reflecting and 
refracting surfaces have been suggested. 

Apart from its application to comic pictures, 
anamorphosis has been little used in photo- 
graphy up to recent times; with the advent of 
wide-screen cinematography, however, there 
has been a revived interest. With an anamorphic 
attachment fitted to the taking lens, a scene of 
approximately twice the usual width is com- 
pressed into the standard film width, whilst 
there is little change in the vertical direction; 
on projection, a similar attachment expands the 
picture in width to fill the wide screen. A 
refracting prism system of the Brewster type 
has been developed by Taylor, Taylor & 
Hobson ; the Delrama anamorph of De Oude 
Delft is a reflecting system employing a spheri- 
cal and a cylindrical mirror. K.J.H. 

See also : Camera history; Museums and collections. 
Books: Handbook of Photography , by Henney and 
Dudley (New York); Photographic Optics, by A. Co* 
(London). 


LENS HOOD. Shield fitted to prevent rays of 
light from outside the picture area from falling 
on the lens. Although rays outside the angle of 
view of the lens do not affect the sensitive 
surface directly, they set up internal reflections 
in the lens and may cause ghost images and a 
general degradation of the contrast of the 
negative. 

There is no need to use a lens hood with the 
sort of box cameras which have the lens set 
well back into the body — often behind the 
diaphragm — but a hood is almost a necessity 
on the more expensive cameras with wide 
aperture lenses which are usually without any 
protection from stray light. 

The simplest type of lens hood is no more 
than a short piece of tube, blackened on the 
inside to reduce surface reflections. It is made 
to slip directly on to the rim of the lens or 


filter mount. Some cameras have a screw fixing. 

The simple type of hood can rarely be made 
deep enough to be efficient without cutting off 
the light rays from the picture area. When it is 
too long it cuts off the comers of the picture. 

Most lens hoods are made funnel-shaped 
with the object of providing a relatively deep 
hood without cutting off the comers. The 
angle of the funnel conforms more or less 
to the angle of view of a lens of normal focal 
length. With this shape of hood there is always 
a risk of unwanted reflections from the inside 
surface if it is at all smooth or bright. The 
cheaper hoods of this sort are painted with 
dead black paint; in the more expensive types 
there are fine ridges machined on the inside 
surface to reduce reflections still further. 

The most efficient hoods are those which 
conform to the shape of a square or round box 


641 



LEN 



LENS HOODS. Top: The main purpose of the hood is Co shield 
the lens from light sources outside the picture area, which 
might otherwise cause reflections Inside the lens. Bottom: 
For maximum efficiency the hood should cut down the cone of 
light accepted by the fens so that it Just covers the negative size. 


with an aperture cut on the side opposite the 
lens. With this sort of shape there is no risk 
of internal reflection as none of the surfaces 
is so inclined that it can reflect incoming light 
rays on to the front of the lens. The aperture of 
the hood should, ideally, be of the same pro- 
portions as the negative; it should also be as 
small as possible without actually obstructing 
the angle of view of the lens (the distance 
between the lens and the hood aperture will 
govern this). Unfortunately, such hoods cannot 
be used with lenses which have front cell 
f ocusing unless the hood is put on after f ocusing. 

Most lens hoods for hand and miniature 
cameras are of rigid metal construction; a few 
are collapsible. Larger hoods for studio and 
field cameras are often in the form of a rect- 
angular bellows which can be extended to the 
limit where it starts to cut off the comers of the 
image on the focusing screen. 

When choosing a lens hood for a camera 
with a rising front, it is important to check it 
for cut-off with the front raised to the limit. 
A hood which just fails to cut the comers of 
the image with the lens in the central position 
will cut off the bottom comers when the front 
is raised. 

The shorter the focal length of the lens, the 
shallower the hood that can be used with it. 
Telephoto lenses, because of their narrow angle 
of view, can befitted with very deep and efficient 
hoods which are a great help in producing a 
brilliant, fog-free image. 


LENS MANUFACTURE 


The manufacture of a photographic lens is 
the product of the combined skills of the 
mathematician who designs it and the craftsmen 
who fashion the lens elements and mounting. 

There is probably no product which demands 
higher precision in all stages of design and pro- 
duction than a photographic lens and the 
industry is one in which the craftsman still 
holds a premier place. 

For a lens system to be satisfactory for use 
as a photographic lens it should be free to a 
very high degree from chromatic and spherical 
aberrations, from coma, astigmatism, and dis- 
tortion, and it should have a flat field so that it 
will produce a sharply defined image of a given 
object plane over the whole of the image plane 
it is intended to cover. 

It is in practice impossible to eliminate all 
aberrations completely; the designer’s task is 
to reduce them all simultaneously to the 
greatest extent possible. This task becomes 
progressively more diffi cult as the aperture of 
the lens is increased. 

To meet these requirements the designer has 
at his disposal about a hundred types of optical 
glass with varying refractive indices and dis- 
persive characteristics from which he can make 
the lens elements which he combines to form 


photographic objectives. Each element can be 
made with an infin ite range of radii and with 
thicknesses and separations which are only 
limited by practical considerations of weight 
and convenience. He has also to keep in mind 
when combining a number of elements that if 
his combination is disproportionately long 
with respect to its diameter the loss of light 
due to vignetting at the margin of his image 
may become serious. 

Designing. So the design of a lens presents a 
complex mathematical problem with many 
variables. Probably no two designers go about 
the problem in exactly the same way, but it is 
usual to work out the general form of the lens 
first from known principles using probably 
four-figure logarithms or a circular slide rule. 
Then follows a great deal of laborious ray 
tracing and subsequent modifications using six- 
figure logarithms. Frequently calculating 
machines are used for this ray tracing, but 
however this work is done it frequently in- 
volves many months of work before the design 
is up to the required standard. 

Some work is now being done on lens 
designing with the aid of the Digittal Computer, 
or “electronic brain" and there is no doubt 
that this method will eventually reduce the 
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LENS MANUFACTURE. The precise operations and the way in which they are carried out vary f rom one /ens manuf acturer to 
another, and indeed from one lens design to the next. The sequence of the major steps does however follow this pattern: I. Cutting 
of blocks of row glass into plates f or moulding. 2. Moulding the blanks. 3. Smoothing ( rough grinding ) the blanks. 4. Fine grinding 
the blanks ( mounted together on a grinding tool). 5. Polishing. The polishing head is fitted with a pitch casting which carries 
engraved in it a series of grooves. These are filled with jeweller's rouge ( a special form of iron oxide). 6. Testing curvature with 
test plate. The appearance of Newton's rings when the test plate is in contact with the lens surf ace indicates how accurately the 
surface is finished. 7. Centring lens for edging. 6. Edge grinding. 9. Blackening of edges. 10. Coating of surfaces. II. MajntJng 
lens units in mount. 12. Final testing. 1 3. Finished lens mounted in diaphragm shutter. 
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labour of computing very greatly and speed the 
work. 

Optical Glass. Optical glass differs from ordin- 
ary sheet glass or plate glass in two essential 
ways. Firstly it must be homogeneous through- 
out its thickness and free from internal strain, 
and secondly its ingredients must be very 
carefully controlled so that the properties of 
the glass— e.g., its refractive index and dis- 
persion — meet the requirements of the lens 
maker. 

Optical glass is composed essentially of a 
very pure variety of sand specially chosen for 
its freedom from iron. This is mixed with one 
or more of a wide variety of metallic oxides 
chosen to give the glass the particular proper- 
ties required. Lead oxide produces some flint 
glasses which generally have a relatively high 
refractive index and a high dispersion. Barium 
oxide gives a range of glasses having a low 
dispersion compared with their refractive index 
which are invaluable for producing lenses with 
anastigmatic flattening of the field. The mixture 
is melted in a fire clay crucible at a temperature 
of about 90Q° C. and constantly stirred until 
no further “gassing” occurs and all bubbles 
are removed. When the crucible cools down the 
glass tends to break up into pieces which are 
subsequently re-heated, pressed into plates 
and then annealed by being cooled down very 
slowly, over a matter of several days, to remove 
internal stresses. Some of the very modem 
and rarer types of optical glass are now melted 
in platinum crucibles and this results in purer 
and cleaner melts. 

The resulting plates of optical glass are the 
materials which the lens maker works on for 
making his lens systems, which usually con- 
sist of not less than three and frequently as 
many as six or even seven separate glass ele- 
ments. In most cases each of the elements is 
made of a different kind of optical glass. 

If only a small number of lenses is to be 
made it is usual to cut up plates of glass, but 
where large numbers of a type are to be made 
it is more usual to use moulded blanks. 

Plates of glass are cut up on a circular saw, 
the glass plate being held between vice jaws 
faced with hard wood pads, and fed up to the 
saw. The saw blade may be made of soft iron, 
about 10 to 12 ins. diameter with tiny diamond 
splinters embedded in the edge but diamond- 
bonded wheels are now more common. 

After the glass has been cut into squares of a 
suitable size and thickness each piece is formed 
into a rough circle by shanking or nibbling off 
the comers with a crude tool known as a pair 
of shanks. The rough discs of glass so formed 
are then cemented together into a stick or roll 
and formed into a smooth cylinder either by 
rolling on a rotating flat steel plate with a 
mixture of emery powder and water, or by the 
more modem method of putting the roll 
through a centreless grinding machine. The 
circular blanks are then taken apart and are 
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ready to be ground on their faces to the re- 
quired curvature on each side. The circular 
blanks are now often cut from the plate by 
means of diamond-bonded trepanning tools. 

Where large numbers of one type of lens 
are to be worked, this stage of the work is by- 
passed by the use of moulded blanks of the 
required diameter and having on them roughly 
the correct radii. These are supplied by the 
glass maker who makes them by cutting the 
original plates up into pieces of the necessary 
weight, reheating until they are sufficiently 
plastic to be pressed between iron tools of the 
required radius, and then reannealing. Mould- 
ings naturally save the lens maker a good deal 
of work and waste less of the expensive optical 
glass. 

Roughing the Blanks. Until recently all these 
grinding operations were performed by pre- 
senting the glass disc by hand to iron tools 
ground to the required radius of curvature; if a 
convex surface was required it was ground on a 
concave tool and vice versa. 

To-day the preliminary work of forming the 
curves is more often done on a spherical 
milling machine with a cup-shaped diamond- 
impregnated tool. The spindle carrying the 
tool is capable of being rotated over a con- 
siderable angle. When the axis of the tool is in 
line with that of the lens blank, a flat surface 
will be generated. If the axis of the tool is 
inclined at an angle to that of the lens blank, a 
spherical surface is generated on the glass, and 
as the angle between the two axes increases so 
the radius of curvature on the lens is shortened. 
The tool revolves at great speed and is sup- 
plied with a copious flow of liquid coolant, 
while the lens blank is rotated very slowly 
below it. A convex curve is produced by cut- 
ting with the inside edge of the cup wheel, 
and a concave curve with the outside edge. 

After the required curves have been milled 
or “roughed” on the two faces, the lens blank 
is ready to be ground and polished. 

Grinding. First, the lenses have a pad of pitch 
stuck on to one side. They are then held by 
hand and applied individually to a spherical 
tool similar to that used for hand roughing, 
and ground against the rotating tool with a 
medium grade of emery or carborundum 
powder in water. 

Next the lenses are “blocked” — i.e., they 
are stuck by means of the pitch backing on to a 
spherical tool of suitable radius. The tool is 
heated, to melt the pitch and make it stick, and 
a number of lenses are fixed to it in this way 
and put through the subsequent stages of 
grinding and polishing at the same time. It is 
obvious that the number of lenses which can be 
worked at one time depends on the diameter 
and the deepness of curvature. A single lens 
with a deep curve approaching a hemisphere 
might have to be worked by itself, while the 
number of lenses with very shallow curves and 
plane surfaces that can be polished is limited 
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only by the relative diameter of the lens to that 
of the tool. 

The iron tools on which the grinding is done 
are first turned as accurately as possible to the 
required curve and then ground together in 
pairs, one convex and one concave and 
accurately measured from time to time on a 
spherometer — an instrument that measures the 
radius of curvature. The grinding process is 
adjusted until finally the tools have the re- 
quired radius and a very fine finish. 

The block of lenses is then screwed to a 
vertical spindle on which it can be slowly 
rotated. The iron tool oscillates over it and 
the block is fed in stages with successively 
finer grades of abrasive powder in water. 
After each grinding stage the block is thoroughly 
cleaned and examined to see that all the pits left 
by previous grindings with coarser abrasives 
have been removed. After the block has been 
finally cleaned from the finest grinding it is 
ready for polishing. 

Polishing. The polishing is done on the same 
type of machine and in the same way as the 
grinding, but the polisher consists of a metal 
spherical tool coated with an even layer of 
pitch in which are cut grooves which retain the 
polishing medium — generally rouge (iron oxide) 
or cerium oxide. The pitch backing allows the 
lenses to “give” and so keep in intimate con- 
tact with the polisher. 

As polishing proceeds, the lenses are 
examined from time to time to see that the 
action is even over the surface of the block. If 
it is found that the edges are polishing faster 
than the centre, the stroke of the arm carrying 
the polisher is shortened so that more work is 
put on to the central area, and vice versa. 
Sometimes the grooves in the polisher are 
widened at some particular zone for a similar 
reason. From this it can be seen that the polish- 
ing of lenses to a high degree of precision is 
very skilled work needing true craftsmanship. 

The time for polishing varies considerably 
according to a number of considerations — 
e.g., the size of the block and the working 
temperature. Polishing is preferably carried 
out in an air-conditioned room, free from dust 
and at a set even temperature. Two to three 
hours is a reasonable time for a block of about 
six to eight inches diameter. 

Checking. The block of lenses is passed as 
satisfactory when examination by a powerful 
magnifying glass shows that all traces of grey- 
ness have disappeared, and when it appears 
truly spherical and of the correct radius when a 
test plate is applied. 

The test plate consists of a glass or quartz 
block polished flat on one side and with the 
required radius of curvature accurately 
polished on the other. Test plates are always 
made in pairs, concave and convex, ground 
and polished together, and tested from time to 
time during manufacture on a very accurate 
spherometer. 


To use the test plate, both it and the lens to 
which it is to be applied are carefully cleaned 
to remove all surface grease and dust, and then 
placed in contact. When the surfaces in con- 
tact are viewed by a monochromatic light 
source— e.g., from a sodium lamp — any lack 
of perfect contact between them is seen as a 
pattern of light and dark bands, each dark band 
representing a separation between the glass 
surfaces of one half a wavelength of the light 
employed — about -0003 mm. For a surface to 
be considered good enough for a good photo- 
graphic lens not more than three such bands 
are tolerated, from which it will be appreciated 
that the spherical surfaces are accurate to a 
very high degree indeed. 

Edging. When a lens has been finally polished 
on both sides it is edged. This consists of 
grinding the edge of the lens to the specified 
diameter, at the same time ensuring that the 
mechanical axis of the lens coincides with the 
optical axis. The optical axis is the imaginary 
line joining the centres of the two spheres of 
which the curved surfaces of the lens are parts. 
A photographic lens consists of a series of 
elements, each of which must be truly mounted 
about a common optical axis. The performance 
of the lens must be symmetrical about the 
axis, and this only occurs if all the elements 
are themselves truly centred on it. So the 
operation of edging is highly important and 
must be performed with the utmost care and 
precision. 

The edging is done by first cementing the 
lens to an accurately made brass ring chuck 
which is then revolved slowly. As it turns, the 
operator observes the image of a small light 
source such as a lamp filament reflected on the 
surface of the lens. If the image moves, the 
operator alters the position of the lens by small 
transverse movements on the chuck. (The 
cement is previously softened by heating in a 
gas flame.) He continues to adjust the position 
by trial and error, until the images of the 
source, as seen by reflection at the back and 
front lens surfaces, remain stationary as the 
lens revolves. 

The spindle, chuck and lens are then fitted 
into a grinding machine where the lens is 
slowly fed up to a rapidly revolving carborun- 
dum wheel or a copper lap impregnated with 
diamonds. Accurate adjustable stops on the 
machine determine the amount to be ground 
off the edge, and when the operation is com- 
plete the lens is removed from the chuck, and 
after cleaning is ready to be mounted. 

Coating. To-day photographic lenses fre- 
quently have their surfaces coated or bloomod 
before being mounted. This process has the 
effect of increasing the light transmission of 
the lens and so also of reducing the amount of 
light reflected back as stray light within the 
camera. 

The material used for coating is magnesium 
fluoride. The lenses and the magnesium fluoride 
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are placed in a vacuum chamber suitably 
separated. The chamber is then exhausted to a 
very high vacuum by means of a backing pump 
and an oil diffusion pump. The fluoride is then 
melted by an electric filament heater which 
causes it to evaporate and it condenses as a fine 
film on the lens surfaces. The thickness of the 
coating is controlled by watching the reflection 
of a lamp on the lens surfaces. When the 
colour of the film indicates that the thickness is 
correct the current is cut off and the vacuum 
broken. A purple film gives maximum trans- 
mission in the yellow green of the visible 
spectrum. 

Mounting. The lens elements are now ready 
for mounting. The mount itself has to be 
turned to high precision limits, and particular 
attention must be paid to the truth of all the 
screw threads. It is also important for each 
glass to be held securely but without any pres- 
sure which might produce distortion, especially 
with changes of temperature. 

Great accuracy is needed in mounting the 
elements so that the separations are exactly 


as calculated by the designer and the position 
of the iris diaphragm relative to the elements 
is correct. 

Testing. Testing is the last, but far from least 
important, stage in the production of a photo- 
graphic lens. 

There are several methods of testing. In 
one, an image of an illuminated test object 
is produced by the lens and carefully examined 
with a high power microscope. Another 
method consists of using the lens to project on 
a screen a greatly enlarged image of a test 
object and then studying the image in detail. 
Two types of error are looked for — symmetrical, 
which may be due to the design or the con- 
struction, and unsymmetrical, which arises 
from slight inaccuracies in making or mounting 
the lens elements. Photographic tests are also 
commonly used, as well as interferometric 
tests at the design stage. A.W.S. 

See also: Lens mounts; Optical glass. 

Books: Fundamentals of Optical Engineering, by D. H. 
Jacobs (London); Lens Work for Amateurs, by H. Orford 
(revised by A. W. Lockett) (London); Prism and Lens 
Making, by F. Twyman (London). 


LENS MOUNTS. Metal housings which hold 
the assembly of glasses making up lenses. 
They may also house the iris diaphragms. They 
may be incorporated in the construction of 
between-lens shutters. Lens mounts on some 
cameras are fixed and non-interchangeable. 

There are five principal types of lens mount: 
standard, sunk, collapsible, between-lens shutter 
types and focusing mount. 

On a standard mount, the flange screw is near 
the back of the lens barrel so that most of the 
lens projects from the front of the panel when 
it is screwed home. This type of mount is some- 
times called an iris mount because it is con- 
venient for the fitting and adjustment of the iris 
diaphragm. The standard type of mount adds 
its length to the existing camera extension and 
is useful in keeping down the over-all dimen- 
sions of the camera. Lenses for stand and studio 
cameras are usually made with standard 
mounts. 

On a sunk mount, the flange screw is placed 
as close to the front end of the lens barrel as 
possible, leaving only a narrow rim to take 
the lens hood or filters. This type of mount is 
fitted on reflex cameras; it looks neater and 
gives the lens better protection than the 
standard mount, but it calls for more camera 
extension. The iris diaphragm in this case is 
controlled by a rotating ring on the front of the 
mount. 

A collapsible mount is simply a standard 
mount that allows the lens to be pushed back 
into the body of the camera when not in use. It 
forms a convenient way of providing the neces- 
sary camera extension for the short focus lenses 
of miniature cameras. The lens barrel can be 


locked in the forward working position by 
pulling it out and turning it to engage a bayonet 
catch. This type of mount may also incorporate 
the focusing mechanism. 

The between-lens shutter mount is found on 
the majority of hand cameras. The lens com- 
ponents are actually fitted by the manufacturer 
so that in effect the lens is sunk into the shutter 
mechanism and the blades of the shutter and 
the leaves of the iris diaphragm lie between the 
front and back components. 

In a focusing mount the lens barrel is 
mounted in a housing which is screwed or 
slotted to allow the lens to be focused by 
turning or sliding it in the mount. The lens 
mount in this case includes the focusing 
mechanism. 

All British lens mounts, unless otherwise 
stated, are screwed with R.P.S. standard 
threads : 


STANDARD FLANGE THREADS 


Screw 

Diameter 

1000 

1-250 

1-500 

2 000 

2-250 

2500 

2-750 

Threads 
per inch 

24 

24 

24 

24 

24 

24 

24 

Screw 

Diameter 

3000 

3-500 

4 000 

4*500 

5-000 

6-000 


Threads 
per inch 

24 

12 

12 

12 

12 

12 



Mounts made on the Continent usually have 
metric threads. For certain cameras, lens 
mounts are also made with bayonet fittings. On 
one camera, the bayonet mounts are so de- 
signed that they automatically change the view- 
finder field so that it matches the lens. 

See also: Lens mamtfacture. 
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LENS TESTING 


The lens manufacturer uses highly specialized 
and very expensive equipment to make his own 
tests and in many instances he is more con- 
cerned with tests which assist him to maintain 
a consistently high standard of production 
rather than the tests which are of interest to 
the amateur user. 

Before embarking on an extensive series of 
lens tests the average user must have a clear 
idea of the type of information he is likely to 
obtain. 

He must understand that perfection cannot 
be expected from his lens and that performance 
will vary from one type of lens to another 
according to the type of work for which it was 
designed, its relative aperture and field of 
view and its cost. 

An early understanding that some residual 
lens aberrations are theoretically inevitable 
will encourage him to concentrate on a search 
for the more obvious errors which may be 
caused by faulty manufacture, accidental 
damage or inaccuracies in mounting the lens 
on the camera. 

The presence of different types of residual 
lens aberrations in different lenses means that 
their relative performance can be expected 
to vary as the conditions of use are changed. 
Similarly, the performance of a motor car 
varies under different conditions of use. An 
attempt to assess either performance by a 
single figure of merit can be quite . valueless 
and often misleading. Rather than rely on a 
lens assessment such as resolving power which 
requires expert knowledge, experience and 
elaborate equipment, it is preferable to allow 
a good lens to speak for itself in doing the 
type of work for which it was designed. 

The visual and photographic tests described 
will assist the photographer to understand the 
limitations of his lens and suggest ways of 
minimizing their effects in practice. 

The defects which are most likely to impair 
the sharpness and clarity of a photograph can 
be divided into two main categories. The first 
concerns the quality of the lens by itself and 
the second concerns the mechanical precision 
with which the lens and sensitive emulsion are 
positioned in the camera. 

Whilst a qualitative test of the lens by itself 
requires special equipment together with some 
technical knowledge of photographic optics 
and experience in interpreting results, the user 
can conduct simple tests which will enable 
him to recognise lens errors and to see their 
effects. 

Before testing for the presence of aberrations, 
second-hand lenses should be examined for 
gross errors arising from accidental damage or 
unskilled repair work. 

Examine the metal components of the lens 
to see whether parts have been bent, screw 
thread and seating shoulders bruised or whether 


lens elements are loose in their cells. The lens 
elements of complex photographic lenses have 
to be centred about a common optical axis to 
an accuracy of a few ten-thousandths of an 
inch and quite small displacements are suffi- 
cient to spoil performance. 

Centring Errors. The effects of centring errors 
on definition can be seen by using the lens at 
full aperture to form an image of a brightly 
illuminated pin-hole in an opaque metal sheet 
or card. The pin-hole must be placed as 
closely as possible to the axis of the lens, and, 
in the case of camera lenses, at a distance from 
the lens exceeding twelve times the focal length. 

View the image on fine ground glass using a 
high-powered magnifier carefully focused on the 
greyed surface which should face the lens. As 
the lens is racked slightly inside and outside 
focus the image should remain circular in 
shape. If it shows an uneven shape with a flare 
to one side the lens is badly out of centre. 

To make the test more critical make a lens 
holder which permits it to rotate smoothly 
about its own optical axis, maintaining focus- 
ing distance and a stationary image. Irregu- 
larities in the image due to lack of centring 
will be seen to rotate with the lens. 

Mounting Errors. The performance of the 
best lens can be ruined by inaccurate mounting 



TESTING FOR CENTRING. Examination of the image of a 
pinhole in the centre of the ground glass screen will show 
whether the lens is correctly centred. An image near the edges 
may also show up other faults. A, illuminated pinhole. B, 
ground glass screen. C. magnifier. D, image point with lens 
out of centre. E, astigmatism. F, coma. 
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on the camera. The emulsion must be at the 
correct focusing distance from the lens, it 
must be flat and it must be at right angles to the 
optical axis of the lens. The precision of these 
mechanical settings must be increased as the 
quality of the lens is increased and as wider 
relative aperture reduces depth of focus. 

A first class lens provides its best performance 
in one flat plane at right angles to its axis 
passing through the best focusing position on 
axis. The emulsion is placed in a cone of light 
proceeding from the lens aperture to an axial 
image point. In the absence of aberration the 
ideal point image of a point object will only be 
recorded when the emulsion is precisely at the 
tip of the cone. An emulsion in other positions 
will intersect the cone and finite circular areas 
known as discs of confusion will be recorded 
instead of points. 

The angle of this cone is inversely propor- 
tional to /-number and the diameter of the 
disc of confusion will be the error of focusing 
divided by the /-number. Thus an error in 
focusing of -004 in. with an / 2 lens produces 
a circle of confusion of -002 in. A similar 
argument shows that squareness of the emul- 
sion plane is equally important for image 
points out in the field of view. 

It is dangerous to relate mounting errors too 
rigidly to depth of focus or depth of field. There 
is only one plane giving optimum performance 
and any departure from it yields inferior results. 
Depth of focus only indicates how far one can 
depart from the ideal before performance 
deteriorates to a standard previously selected 
by choice of an arbitrary circle of confusion. 
Test Procedures. To carry out a test series set 
up a number of similar small test objects 
covering a range of intermediate object dis- 
tances. Position one object at a distance from 
the camera corresponding to the focusing 
setting selected and position others at distances 
corresponding to the far and near distances 
given m depth of field tables and also at dis- 
tances at, say, J, 1, 1 i and 2 times the expected 
depth. 

The objects should not obstruct one another, 
but it is desirable to group them as near the 



TESTING FOR OPTIMUM FOCUS. Layout of ten obj'cu (e.*„ 
left cherts) at various distances in front of camera. D, total 
depth of field at nominally focused distance. 
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TESTING FOR COVERAGE OVER FIELD. Layout of test charts 
over the field of the lens to check definition and compare 
the edges and corners of the field of view with the centre. 

lens axis as possible so that all their images are 
clustered near the centre of the negative. 

Photograph these objects at full aperture and 
check that the sharpest image corresponds to 
the object at the nominal distance. This checks 
the axial distance between lens and emulsion. 

Now set up a series of objects in a flat plane, 
taking care that this plane is at right angles to 
the lens axis and positioned at the best dis- 
tance for axial performance as determined by 
the previous test. The objects should be dis- 
tributed over the complete field of view in some 
symmetrical pattern centred about the lens 
axis. 

Photograph these objects at full aperture 
and check that any variation of image quality is 
distributed symmetrically around the axis of 
the lens. A variation of definition in different 
parts of the negative may be an indication of 
lens quality, but, if these variations are sym- 
metrically disposed about the centre, the 
emulsion is likely to be flat and at right angles 
to the lens axis to a satisfactory degree. 
Resolving Power. Although experienced inter- 
pretation of resolution does assist the manu- 
facturer to attain a consistently high standard 
of production, it does not necessarily provide 
any simple and straightforward comparison 
between the quality of different lenses. Natur- 
ally, the manufacturer does make such com- 
parisons, but the assessment of resolving power 
is only a part of this procedure and it takes a 
very extensive form covering assessment under 
a variety of conditions. 

Resolution depends on a considerable num- 
ber of factors. Apart from the magnitude of the 
residual lens aberrations, resolution depends on 
the conditions of test. It varies particularly 
with the layout of the test objects, the contrast 
of the object, the grain and sensitivity of the 
emulsion, exposure and development condi- 
tions and with the criteria adopted for focusing. 
In comparing two lenses, for example, it often 
happens that one appears to resolve better 
than the other when the object being photo- 
graphed has detail of high contrast, whereas 
the second lens has a higher resolving power 
than the first when the contrast of the object 
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LENS TESTING CHART. Chart for copying in natural size. A number of such charts laid out along the diagonals of the field of view 
covered by the lens will give some information about the covering power. Photographed at a distance of 10 feet, the medium group of 
lines marked M give images which with a I in. lens are 1/1200 in. wide, with a 2 ins. lens I /600 in. and so on up to 1/150 in. with 
an 8 ins. lens. The clear spaces between the lines are the same width as the lines. The finer sets give lines with 1/2 and 1/3 of this 
separation, and the coarser sets have separations I 2, and 2| times that of the M set. T he circular dots are the same diameter as 
the thickness of the medium lines. Charts should be made up which are both negative and positive copies of this chart and photo- 
graphed under the same conditions. In the negative charts, especially those set up near the corners of the field, the images of the 
dots will, on ezamination with a powerful magnifier show up any coma flares, and spread due to lateral chromatic aberration. 
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is low. Similarly, it may happen that the lens 
which yields the higher resolving power is not 
the better for definition. 

It is important to realize this difference be- 
tween resolution and definition. Resolution is 
concerned solely with ability to record very 
fine detail whereas definition, or acutance as it 
is called in some quarters, is concerned with the 
sharpness or lack of “fuzz” at a boundary 
between larger areas of different density. In 
some lenses having appreciable aberration the 
best focusing position for maximum resolution 
is not necessarily the best for maximum defini- 
tion. 

The best way to test the performance of a 
lens and its mounting on the camera is to take 
a series of photographs of various types of 
subjects. A careful choice of subjects and con- 
ditions will give the amateur a much clearer and 
more satisfying indication of performance than 
any attempt to assess resolution by a test pro- 
cedure which is necessarily complex, difficult 
to perform without experience, and liable to 
yield misleading results. 

If photographs of different types of subjects 
show a consistent error and the lens appears to 
be in good condition, the camera should be 
tested to see whether the lens is badly mounted. 

In those cameras which allow fine ground 
glass to be positioned in the focal plane, 
mounting errors may sometimes be discovered 
visually with the aid of a high-powered magni- 
fier. In all cases, however, it is preferable to 
make tests photographically, especially with 
roll film cameras where the precise position 
taken up by the film is not well defined by the 
mechanical construction. 

Spherical Aberration. This aberration concerns 
object and image points lying on the axis of the 
lens and takes its name from the fact that it 
must always be present in a lens made from a 
single piece of glass if its polished surfaces are 
spherical in shape. It refers to the way in 
which rays of light passing through the outer- 
most annular zones of the aperture of a single 
lens converge to cross its axis nearer to the lens 
than do the rays passing through other zones 
nearer the centre. 

To test for spherical aberration, set up the 
centring test described for centring errors taking 
care that the pin hole is bright enough to give 
sufficient light in the aberration fringes of the 
image and that the fringe is not lost by the 
effects of stray light falling on the ground glass. 
To give the maximum information about aber- 
rations the pin hole should be as small as is 
consistent with enough light getting through to 
make all aspects of its image easily visible. 
Coloured fringes due to chromatic aberration 
should be removed by filters between lamp and 
pin hole. It is preferable to choose a filter 
transmitting light in the centre of the photo- 
graphic spectrum, but change of filters can be 
used to assess variation of spherical aberration 
with colour. 


The first impression of the presence of 
spherical aberration will be a vagueness about 
the position of best focus at full aperture. With 
a very well corrected lens the image comes into 
f ocus crisply, suddenly and definitely. 

Next, stop the lens down by means of its 
iris and note whether the presence of spherical 
aberration is sufficient to change the position of 
best focus. Shift of focus on stopping down is 
present in a large variety of lenses and can 
amount to as much as 0-2 per cent of the focal 
length. 

With the lens fixed in its best focusing posi- 
tion at full aperture, note the size and intensity 
of the aberration fringe round the image and 
see what changes occur on stopping down. If 
spherical aberration is corrected, the presence of 
residual zonal spherical aberration is likely to 
be most easily recognized when a relatively 
large but faint fringe is rapidly removed (well 
within one stop from full aperture) leaving a 
much smaller but brighter fringe which is 
removed at a slower rate on further stopping 
down. A lens which provides one large fringe 
which reduces steadily in size all the way down 
to small stops without any change of character 
may not be corrected at all for spherical 
aberration. 

An interplay between two types of fringes 
is sometimes apparent in a corrected lens 
with zonal errors when the lens at full aperture 
is very slightly racked inside and outside the 
best focusing position. 

Axial Chromatic Aberration. This is a failure 
of the lens to bring light rays of different wave- 
lengths to a common focus. This can cause 
poor definition. 

If the lens is intended for use throughout the 
visible spectrum, remove any filters before 
making a test. The effects of this aberration 
may be confused by any variation of spherical 
aberration with colour, but the appearance of 
the image should be in accordance with the 
best compromise correction for chromatic 
aberration over the whole lens aperture. This 
may show up in a corrected lens as a purplish 
or greenish fringe round the image. Blue 
fringes of importance photographically are 
difficult to see when using tungsten illumina- 
tion deficient in blue light, and the eye and a 
photographic emulsion respond to different 
colours to varying degrees. 

Find the best focusing position for a number 
of apertures, first in red light and then in blue 
light. If the focusing position, aperture for 
aperture, is always farther from or nearer to 
the lens in one colour compared with another, 
the correction of chromatic aberration may be 
suspected. 

Astigmatism. This is an aberration affecting 
off-axis image points in such a way that the 
definition of a line image at one position in 
the field of view will vary according to the 
inclination of the line with respect to the 
centre of the field. 
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To test for astigmatism visually, arrange an 
illuminated pin hole as an object, and make 
provision whereby the pin hole, and thus its 
image, may be moved away from the axial 
position towards the edge of the field of view. 

Take care that the pin hole moves in only one 
flat plane and that this plane and the ground 
glass are at right angles to the lens axis. Leave 
the focus set at the best position for the centre 
of the field and see how off-axis aberrations 
combine to give complex and irregular image 
patches as the pin hole is moved away from the 
axial position. The extent of the field of view 
that can be examined in this way will be limited 
by the effects of oblique illumination on to 
ground glass and by the construction of the 
magnifier, but it is possible to check that at all 
points equidistant from the lens axis the image 
has the same appearance. This symmetry of 
performance around the lens axis is another 
indication of a centred lens. 

Astigmatism is rarely the only aberration 
present and the appearance of the image is 
complicated by the presence of field curvature, 
coma and transverse chromatic aberration. To 
test for astigmatism under these conditions, 
refocus the lens viewing a pin hole image well 
out in the field of view. Any tendency towards 
two distinct focusing positions, one giving 
minimum aberration fringes in one direc- 
tion with respect to the lens axis and the other 
giving minimum fringes in a direction at right 
angles to the first, may be recognized as the 
effect of astigmatism. The distance between 
these focusing positions is an approximate 
measure of the astigmatism that is present. 

The confusing eff ects of coma may be removed 
in some cases by stopping the lens down, but it 
should be realized that, whilst the magnitude of 
astigmatism is the same at all stops, its apparent 
effect is smaller at small stops. 

Repeat this test at different positions in the 
field of view and note whether there is a field 
position where astigmatism has been cor- 
rected. 

Coma. This is another aberration concerning 
off-axis image points, and shows itself by the 
fact that a lens without any correction for coma 
reproduces object points as an unsymmetrical 
light patch flaring away to one side like the tail 
of a comet. 

Comatic aberrations are usually of a complex 
nature and all that the average user can do is to 
examine the image at different points in the 
field and to notice the variations of the effects 
of coma at different positions and different 
stops. 

Curvature of Field. In the absence of all other 
aberrations, curvature of field will be an aber- 
ration which does not impair definition pro- 
vided the sensitive emulsion can be placed on a 
surface which is curved (usually concave to the 
lens) to the extent demanded by this aberration. 
If a lens suffering from curvature of field is 
used with a flat emulsion definition will 


deteriorate steadily away from the centre of the 
field as the dimensional displacement of the 
emulsion from the ideal curved focal surface 
exceeds the depth of focus of the lens. 

The test described above for astigmatism will 
show quite clearly the effects of curvature of 
field. If the ground glass has to be moved 
from the best focusing position on axis to 
achieve a better focusing position for a point 
well out in the field, then curvature is present. 
In some cases the way in which astigmatism and 
curvature are off-set against one another can 
be seen. In the case of anastigmat lenses try to 
find a position in the field of view where both 
these errors are absent. 

Transverse Chromatic Aberration. This is a 
fault which causes the scale of the image to 
depend on the colour of the light and appears as 
a coloured fringe around the image. 

In the above tests dealing with off-axis 
image points, any colour fringing extending 
along a line passing through the centre of the 
field will be due to this aberration. Since its 
extent and effects are the same at all apertures 
the confusing effects of other aberrations may 
be avoided by stopping the lens down to a 
sufficient degree. The presence of a complete 
spectrum of coloured images shows that this 
aberration is not corrected. Residual errors in 
a corrected lens, however, may show as purplish 
and greenish fringes on either side of the image. 
Special Conditions. The tests described above 
should be adequate in the case of most lenses 
used on still cameras, but cine lenses and minia- 
ture camera lenses present difficulties in 
connexion with short focal lengths yielding 
very high standards of definition on small nega- 
tive areas. Although the ground glass and 
magnifier may be replaced by a microscop*- 
viewing system of suitable numerical aperture, 
the mechanical difficulties will be too severe 
for most users and photographic testing is to 
be preferred. 

The photographic tests for mounting errors 
described above may be used for this purpose 
if the test objects are chosen to show three 
types of definition. These are the definition 
of a point, the definition of a radial line or 
edge stretching out like a spoke from the centre 
of the field and the definition of a line run- 
ning transversely across the radial lines like 
the rim of a wheel. 

Test objects consisting of printed matter 
interspersed between radial and transverse 
lines are quite suitable for this purpose. A series 
of photographs taken at slightly different 
focusing positions and at different relative 
apertures, with and without colour filters, will 
suggest themselves to the user who has studied 
the visual tests described above. 

Avoid the use of contrasty emulsions and 
contrasty developers which will hide important 
aberration fringes, and make certain that the 
test objects are evenly illuminated and square 
on to the camera. 
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Unless the user is experienced in the assess- 
ment of lens performance, he should not 
assume that the presence of aberration is an 
avoidable fault in the lens. The appearance of a 
visual image must be considered in conjunc- 
tion with the power of the magnifier and any 
doubts should be checked by photographic 
tests on a correctly adjusted camera. 

It is impossible to lay down any hard and fast 
rules concerning permissible amounts of 


aberrations. If a lens fails to give satisfaction 
when used for the purpose for which it was 
designed, it is best to refer to a reputable 
authority. Correction of faulty lenses should be 
left to the manufacturer who has the original 
design information and the correct tools and 
fixtures for such work. G.H.C. 

See also: Aberrations of lenses; Faults; Second-hand 
equipment. 

Book: Photographic Optics, by A. Cox (London). 


LENTICULAR SYSTEM. Additive system of 
colour photography in which the support of 
a normal panchromatic emulsion is embossed 
with a regular texture of lenses, usually 
cylindrical. The taking lens is fitted with a 
filter consisting of three bands of red, green 
and blue. The film is exposed through the 
base, so that each cylindrical lens focuses a 
red, green, and blue band (from the filters) on 
to the emulsion. 

In each image of the filter, the red, green or 
blue area will only receive an exposure if that 
colour is reflected from that particular area of 
the subject. Thus a blue image point will pro- 
duce a dense patch on development under the 
image of the blue filter band, but not under the 
images of the other filter bands which remain 
clear. On reversal processing the patch corres- 
ponding to the exposed area becomes trans- 
parent while the rest of the area covered by the 
tiny lens becomes opaque. 

The film is projected through the same type 
of coloured filter. The white light passing 
through the clear patch is focused again by the 
lenticle through the corresponding colour band 
of the filter on to the screen. 

All image points of the various colours of the 
scene are synthesized by the taking filter in this 
way and reproduced as more or less clear 
patches on the developed emulsion. On pro- 
jection (with the emulsion facing away from 
the lens) these patches transmit white light. 
Its intensity is proportional to the brightness 
of the original subject at each point. The light 
is again directed by the lenticular screen 



LENTICULAR FILM. Seen in cross-section, the film appears as a 
series of embossed cylindrical lens elements, which, with a 
special filter , split up the image into strip elements. 


through the corresponding colour bands of the 
projection filter and recombined to form an 
image in the colours of the original subject. 

Lenticular screens are used in one system of 
stereoscopic photography. The right and left 
pictures are focused side by side on the same 
film by a lenticular screen. Here the screen 
breaks down the image into a series of inter- 
laced strips. After printing as a positive, the 
individual images are separated by viewing 
through a similar screen. The stereoscopic 
effect is limited to a fairly small viewing angle 
in front of the picture, but it is produced with- 
out the use of a special viewer or spectacles. F.P. 

See also: Colour history; Parallax stereogram. 

LE PRINCE, LOUIS AIME AUGUSTIN, 
1842-90. French artist, chemist, inventor and 
pioneer of cinematography. Introduced to 
photography by Daguerre, friend of his father, 
saw Muybridge photographs in 1875 and 
started work on motion picture projection 
while living at Leeds. His U.S. patent applica- 
tion of 1886 (granted 1888) described a camera 
or projector with one or several lenses, use of 
flexible film, intermittent movement and 
obscuration. In 1888 took 12 to 20 pictures per 
second on film 2} ins. wide (first sensitized 
paper film, later gelatin stripping film and 
finally celluloid-base film). His first cine film 
projections were witnessed in Leeds 1889 and 
Paris 1890. He disappeared without trace, on 
a journey, at Dijon, 16th September, 1890. 

LEREBOURS, NOEL-MARIE-PAYMAL, 
1807-73. French optician and photographer. 
Constructed large daguerreotype cameras in 
1839 and lenses with the same optical and 
chemical focus in 1840. Worked on the Herschel 
effect in 1846 and described a half-tone photo- 
lithographic (bitumen) process in 1852. Also 
wrote and published books on photography. 

LE ROY, JEAN ACME, 1854-1932. American 
pioneer of cinematography. Worked on a 
device for projecting Edison Kinetoscope 
pictures on to a screen for a large audience 
and exhibited moving pictures in New York 
on 5th February, 1894. Exploited his invention 
as a showman, but never patented or com- 
mercialized it. 
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LETTERING. Some prints need a title — e.g., 
to indicate the name of the sitter in a portrait 
or of the place in a landscape. It is usual to 
letter the words by hand on the mount below 
the print, and many an otherwise good piece 
of work is ruined in the process. Photographers 
too often do not realize that hand lettering is 
an exacting form of skilled craftsmanship 
that takes years to master. Fortunately there 
are several ways in which the amateur can make 
a neat, workmanlike job of lettering a title 
without being an artist. 

The only equipment necessary is a steel rule, 
H and HB pencils, and a sandpaper block. 
Pencils softer than HB should not be used or 
the lettering will rub off when the print is 
handled or filed with other photographs. The 
sandpaper block is needed for keeping the 
point of the pencil sharp. 

Simple Lettering. The simplest method is to 
fit the letters into rectangles roughly half as 
wide as they are high. All the letters of the 
alphabet can be fitted into such rectangles with 
the exception of M and W which need a little 
extra width. The style of the letters should be 
kept simple and the uprights should be at right 
angles to the base. Each line must be made with 
a single stroke of the pencil; it spoils the 
appearance of the letter to go over it more than 
once. If plain block letters look too stark, 
they can be improved by adding light serifs to 
produce a Roman type of lettering, but any 
further embellishment should be avoided. After 
all, the photograph is the important thing and 
the title should not compete with it for atten- 
tion. 

The title should be lettered on the mount, 
starting below the left-hand comer of the print 
and with about half an inch separating the 
bottom edge of the print and the top of the 
letters. First it is as well to letter the title 
between ruled lines on a spare sheet of paper 
and experiment with the letter spacing until 
the words look right and are easy to read with 
no ugly gaps or crowded letters. The back of 
the paper can then be rubbed over with a soft 
pencil and the lettering traced lightly through 



LETTERING LAYOUT. Letters should fit into equal rectangles, 
except for specially wide ones (e.g.. MW). Titles should he 
lettered simply and kept short. 


into place on the mount with a hard pencil. 
This takes care of the spacing and permits the 
title to be lettered on to the mount with confi- 
dence. Where the photographer wishes to 
include his own name, he should letter it in the 
same style as the title. An ordinary signature 
on the mount looks pretentious. 

Other Methods. The ordinary draughtsman’s 
celluloid stencils can be used for pencil lettering. 
But the mount should be pinned down on to a 
drawing board and the stencil positioned with 
a tee-square. 

A title typed on a sheet of paper, cut out and 
pasted on to the mount can look neat and 
effective. It is generally better to use suitably 
tinted paper; white is apt to make the mount or 
the print look grubby. 

Prints in albums may be titled by any of the 
above methods, although cut out typewritten 
words are usually more suitable as the pages of 
the album are usually black. White ink may 
also be used for tilting on black pages but 
mistakes are difficult to erase. 

Photographic Christmas cards may be 
lettered by hand, but if a number are being 
turned out it is easier to draw out the lettering, 
photograph it, and print it in position along 
with the negative. There is no reason why old 
Christmas card titles should not be cut up to 
form the required words. The ready-made 
lettering on thin adhesive paper used by com- 
mercial artists may also be used for making up 
the title or greeting message to be photo- 
graphed. P.C.P. 

Sec also: Greeting cards; Inks for photographs; Lantern 
slide diagrams; Titles. 

LEVELS AND PLUMBS. Devices to aid 
accurate horizontal and vertical alignment of 
cameras and other equipment. Levels are 
necessary in all kinds of survey photography, 
architectural work, stereoscopic photography, 
panoramas, etc. Plumbs are used in copying 
set-ups, architectural and surveying photo- 
graphy, etc. 

A level (spirit level) consists essentially of a 
sealed glass tube filled with spirit, leaving a 
small air bubble. As long as the tube is truly 
horizontal, the bubble will lie exactly between 
reference marks in the middle. If the tube is 
inclined along its length, the bubble will move 
towards the upper end. This arrangement is 
very sensitive to the slightest inclination. 

The level may be a separate accessory 
mounted in a suitable metal or wooden block 
with its under-surface absolutely parallel to 
the tub&, or it may be built into the camera or 
other equipment. Built-in spirit levels are more 
commonly found on older-type stand cameras, 
and sometimes on modem tripods. 

Some types of spirit level consist of a, hori- 
zontal round cell instead of a tube. On truly 
level positioning the bubble should be in the 
middle of the fiat top of the cell. This level 
shows departures from horizontal in any 
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direction, not only along one axis as in the case 
of the tube level. 

A plumb is a small weight attached to the 
end of a thin cord. When the weight hangs 
freely from a fixed point, the cord provides a 
truly vertical reference — e.g., for setting up the 
camera accurately over a particular point on the 
ground. 

A vertical spirit level, i.e., one set in one limb 
of an accurate T-square or similar instrument, 
will also serve for vertical alignment. L.A.M. 

LEVY-DORN, MAX, 18??-1929. German 
roentgenologist. Made the first stereo-radio- 
graphs (1897) and the first cine-radiographs, 
also the first complete X-ray installation in a 
hospital in Berlin (1906). Stressed, as early 
as 1903, the need for protection from X-rays. 

LIESEGANG, FRANZ PAUL, 1873-1946. 
German manufacturer of projection apparatus, 
son of Paul Johann Liesegang. Wrote much 
on the history of projection and on the fore- 
runners of cinematography. 

LIESEGANG, FRIEDRICH WILHELM 
EDUARD. 1803-69. German photographer. 
Founded the firm of Liesegang (Elberfeld, 
1854, later Diisseldorf) which was carried on 
by his son and grandsons, eventually to merge, 
as the oldest component, into the Agfa con- 
cern. Manufactured at first projection appar- 
atus; from 1857 on, also calotype materials and 
photographic papers. 

LIESEGANG, PAUL EDUARD JOHANN, 
1838-96. German photographic manufacturer, 
son of Friedrich Liesegang. Suggested green 
safelights for the darkroom in 1861. Intro- 
duced the Lilliput camera (3x3 cm.) in 1882. 
Founded several periodicals: Photographisches 
Archiv in 1860, Photographischer Almanach in 
1861, and Laterna Magic ain 1877. 

LIESEGANG, RAPHAEL EDUARD 
JULIUS, 1869-1947. German colloid chemist, 
son of Paul Johann Liesegang. Published 
experimental work on electrolytic development 
on photochromy, and on the bleach-out pro- 
cess. Described the principle of lenticular 
screen colour photography processes (1896). 
Author of many books and articles. 

LIGHT. Light is merely one of the many forms 
of electro-magnetic radiation encountered in 
nature. Such radiations occur as radio, radar, 
radiant heat and infra-red therapeutic rays, 
visible light, ultra-violet rays, X-rays, and the 
gamma rays caused by the breakdown of 
certain atoms. 

Electro-magnetic radiation will travel across 
empty space and needs no material conductor. 
All forms of it* have the same velocity in 
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vacuum — 3 x 10* metres, or 186,000 miles, 
per second. The velocity in air is practically the 
same. 

As it consists of waves, any form of such 
radiation is associated with a definite fre- 
quency governed by the following relationship: 

Velocity = frequency x wavelength. 

The frequency of a certain hue of blue- 
green light is, for example, 6 x 10 14 cycles 
per second, and its wavelength is therefore 
0-5 x 10 _ * metres. 

The photographer is, however, solely con- 
cerned with the interaction between light and 
material bodies — the glass of lenses, and the 
emulsion of films and plates. When light passes 
from one transparent medium to another — 
e.g., air to glass — its velocity and therefore its 
wavelength are changed. This is refraction, the 
phenomena to which the action of a lens is due. 

The wavelength of light is so short that it 
must be measured in special units. The com- 
monest is the Angstrom unit, which has as its 
symbol the capital A. There are ten million 
Angstrom units to the millimetre. It is some- 
times more convenient to use larger units like 
the micron which is the thousandth part of a 
millimetre, or the millimicron (m^i), which is the 
millionth part of a millimetre — i.e., one micron 
= 1000 millimicrons = 10,000 A. 

So 0 5 x 10~‘ metres, the wavelength of 
blue-green light, would be written as 500 niyu or 
5000 A. 

X-rays have such a short wavelength that 
they are measured in x-units of which there are 
ten thousand million in a millimetre. 

Photography is concerned with wavelengths 
ranging from a few m^i (X-ray range) to 1500 
ntyi. R.B.M. 

See also: Colour: Spectrum. 

LIGHTING EQUIPMENT. In the early days 
of photography the sun was the only source of 
photographic lighting; with the development 
of electric lighting, photographers were quick 
to appreciate the advantages of a source that 
they could control. To-day as much, if not 
more, photography is carried out by electric 
light as by daylight, and the equipment avail- 
able ranges from small portable units to per- 
manent installations capable of creating any 
type of lighting effect and powerful enough to 
permit exposures of short fractions of a second. 

The most popular sources of electric lighting 
are tungsten filament lamps of the normal and 
overrun (Photoflood) types. These are cheap, 
convenient and very suitable for most amateur 
and professional needs. Arc lamps of various 
types, vapour discharge and fluorescent lamps 
and flash, both bulb and electronic, have their 
special fields of operation. 

Controls. Before a light source can be usefully 
employed for photography, there must be 
some means of controlling it. 

The power of the light is controlled in the 
simplest fashion by the switch which turns it 
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full on or off. It may be further controlled by 
inserting a dimming resistance in the circuit, 
or by series-parallel switching arrangements; 
by this means the power of the light is continu- 
ously variable between full power and off (dim- 
ming resistance), or adjustable to give full 
power, reduced power of a fixed value, and off 
(series-parallel switching). 

The concentration of the light is controlled by 
shaped reflectors behind the light source, or 
lenses (spotlights) in front. In the case of 
reflectors, the light is spread and, depending 
on the surface of the reflector, somewhat 
diffused; this is useful for providing general 
illumination of fairly large areas. With a 
spotlight, the light can be concentrated on a 
smaller area and used to get crisper results with 
harder shadows. When maximum diffusion 
is required, a diffuser is fitted in front of either 
reflector or spotlight. 

The colour of the light may be controlled by 
either the choice of the source, or the use of 
colour filters over the light. Such measures are 
only required in colour photography where 
colour temperature is of great importance. 

The position of the light source is, in prac- 
tice, the most fundamental of all controls. To 
enable convenient alteration of the light posi- 
tion, various supports, brackets, and stands 
are made so that the direction and angle of the 
light is adjustable with ease. 

Amateur Outfit. Few amateurs have the space 
to spare for ambitious lighting equipment. 
In most cases the gear must be packed away 
after the photographic session, therefore it 
needs to be of the type that dismantles easily or 
telescopes into a small space. 

While it is true that good pictures can be 
made with only one lamp, its range of effects 
is limited and exposures are apt to be unduly 
long. A good working compromise between 
such austerity and the elaborate set-up of the 
professional is provided by the following: 

(1) Modelling light: one Photoflood or 500 
watt tungsten lamp in reflector on an adjus- 
table telescopic tripod stand. The adjustment 
should allow the lamp to be placed anywhere 
from four to eight feet from the floor. This 
lamp provides the main source of light; where 
it is not enough to cover the subject it can be 
supplemented by the fill-in light. 

(2) Fill-in light : one Photoflood or 500 watt 
tungsten lamp in a shallow reflector on a small 
hook-or-stand support or on a clamp fitting. 
This light is normally required for illuminating 
the shadows, but it may be replaced by a flat 
white reflector so that it can be added to boost 
the modelling light — e.g., to cover a broader 
area. ’ 

(3) Background light : one 1 50 watt tungsten 
lamp in a deep reflector or fitted into a reading 
lamp holder with a suitable cone of white 
paper to concentrate the light on the back- 
ground. This light is used for controlling the 
general or local tone of the background, par- 


ticularly in portraiture. It may also be used for 
back lighting to create a bright rim of light 
around the subject. 

(4) Spotlight: although a spotlight is much 
more expensive than any of the other forms of 
lighting, it opens up a wide choice of special 
effects both in portraiture and still life, and it 
can be packed into a small space. For these 
reasons the serious amateur would complete 
his equipment with a 250 watt focusing spot- 
light with fittings for barndoor, snoot, lamp- 
filter and diffuser. 

The total power consumption of all this 
equipment would not overload the normal 
room power supply. 

A desirable extra is a switch — preferably the 
foot-operated type — connected to the two 

TYPICAL LIGHTING INSTALLATIONS 


Equipment Watts 


Commercial Studio 

(Equipped for six cameras on still-life subjects) 

18 250 watt lamps in deep reflectors 4,500 

12 500 watt spotlights ... ... 6,000 

I 1 ,000 watt flood 1,000 

1 7-amp enclosed arc (on 200 v.) 1,400 

Total 12,900 

Large Portrait Studio 

4 Mercury vapour tubes, 200 watt 800 

5 1,000 watt lamps in white-painted trough ... 5,000 

2 1,000 watt floods 2,000 

2 1 ,000 watt spotlights 2,000 

2 500 watt spotlights 1,000 

2 250 watt floor lights ... ... 500 

I 1.000 watt spotlight with mirror reflector only 1 ,000 

Total 12.300 

Small Portrait Studio 

1 400 watt Mercury in movable trough 

vapour tube from ceiling, dif- 

2 500 watt Nitraphot fused 1,400 

I 120 watt Mercury in small white trough, 

vapour tube diffused. Floor 

I 500 watt Nitraphot stand with counter- 

weighted arm ... 620 

I 1,000 watt Daylight lamp in convertible studio 
light. Floor stand with large matt aluminium 

bowl. Direct or indirect light ... 1,000 

I 500 watt Nitraphot with shallow blue-tinted 

bowl. Direct or indirect. Floor stand 500 

I 1,000 watt Spotlight 1,000 

I 500 watt Spotlight 500 

Total 5,020 

Studio o (Daily Pictorial Newspaper 

1 2,000 watt spotlight 2,000 

2 1,000 watt spotlight 2.000 

1 20 amp. arc spotlight (on 230 v.) 4,600 

3 1,000 watt floods, in 18 in. painted reflectors ... 3 ,000 

Total 11.600 

Back Projection Equipment 

1 50 amp. lantern with water cell (on 230 v.) ... 1 1,500 

6 250 watt overhead spotlights ... 1,500 

2 250 watt floor spotlights 500 

Total 13,500 

Commercial Substandard Cine Studio 

(This lighting equipment permits shooting on a 30 feet wide 
set at f 2 or (2-5) 

50 275 watt Photofloods, overhead 13,750 

8 500 watt ceiling floods ... 4,000 

2 500 watt spotlights 1,000 

2 1,000 watt spotlights 2,000 

4 275 watt Photofloods in metal reflector? ... 1,100 

Total 21,850 
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Photoflood lamps so that they can be switched 
in series for focusing and arranging the subject, 
or in parallel to give their maximum brilliance 
for the exposure. 

There are several types of collapsible reflector 
on the market for amateurs who have no room 
to store rigid reflectors. These reflectors are 
never as good as the normal type, but they 
are satisfactory so long as they have a matt 
and not polished reflecting surface. 
Commercial Studio. The lighting equipment of 
the commercial studio is dictated by the 
type of work undertaken. A studio specializing 
in one particular branch — e.g., portraiture or 
catalogue illustration — may be relatively lavish 
with equipment suited to that type of work 
but poorly equipped to handle general subjects. 
It may suit one studio better to have a number 
of mobile units and little in the way of fixed 
lighting, whereas in another the most con- 
venient arrangement may be to have a number 
of fixed lights controlled by separate switches 
on a central panel. 

The basic set-up in most studios consists 
broadly of the following: 

(1) General lighting banks of tungsten, 
mercury-vapour or fluorescent lamps in trough- 
type reflectors. These are suspended or built in 
above the camera position to direct a flood of 
general light forward on to the subject. They 
may be adjustable for height and position, 
and they are generally arranged in a number of 
separately switched units. The total power 
consumed by the general lighting of an average 
studio is often more than 10,000 watts. 

(2) Effect lights: any number of tungsten 
lamps from 250 to 1,000 watts, mounted on 
adjustable mobile stands. These lights are 


brought up as required to give general or local 
modelling, fill-in, background and back 
lighting. The shape and size of the reflectors 
vary according to the purpose of the lamp — 
e.g., shallow and broad for supplementary 
general lighting, or deep and narrow for illu- 
minating smaller areas. 

(3) Spots: any number of fixed and focusing 
spotlights mounted on adjustable mobile 
stands with provision for inserting masks, 
filters, barndoors, hoods, snoots and other 
control devices in front of the light. 

The spotlights, because of their power and 
flexibility (in position, and in breadth and 
shape of beam) tend to be used for all the 
principal work of modelling. Light sources may 
be either projector-type tungsten lamps, or 
carbon, mercury or high intensity arcs, ranging 
from 500 to 2,000 watts or more. 

In studios which specialize in popular and 
“while-you-wait” portraiture the principal lights 
are often fixed arrangements disposed around 
the walls and over and in front of the sitter’s 
chair. Any of a number of types of subject 
lighting can be produced by pressing the 
appropriate switches. This is quicker than 
moving lights about, and the exposures can be 
standardized. With very little training an 
operator can take charge of such a studio and 
tum out a portrait to a set pattern in a few 
minutes. The photographs produced by such 
lighting arrangements are apt to be stereo- 
typed. F.P. 

See also; Diffuser; Dimmer; Electricity; Light sources; 
Light supports; Reflectors ; Spotlight; Switches; Wiring. 

Books: Lighting for Photography , by W. Nurnberg 
(London); Photographic Illumination, by R. H. Cricks 
(London); TTie Business of Photography, by C. Abel 
(London). 


LIGHTING THE SUBJECT 


The photographer who works out of doors in 
daylight must take the subject lighting as he 
finds it. Up to a point he can select the kind of 
lighting he wants from variations in direction, 
intensity and character of the sun's light in the 
course of the day, or the season, or the weather. 
He can modify the lighting of near subjects by 
the use of a reflector or supplementary flash. 
But he has no control over the principal 
lighting and in fact he has little wish to exer- 
cise control since the natural lighting is part of 
the character of the subject. 

Things are different when he comes to take a 
picture indoors. Here he has complete control 
of the lighting of the subject. This time, he not 
only has to select, arrange and compose his 
picture material — he has to light it. And 
whereas the lighting of a picture that was 
obviously taken out of doors is accepted by most 
Deople without challenge, the lighting of an 
indoor photograph is as fair a ground for the 
critic as the composition. To a very great extent, 


the lighting is the picture; and the success of the 
result depends upon understanding how much 
to use and where to put it. 

The tools are simple and few; there is the 
spotlight, which gives a hard and relatively 
narrow beam of light; the floodlight, which 
gives a broad, soft, general illumination; and 
various types of light reflector— e.g., white or 
aluminium-surfaced flat boards — which reflect 
more or less diffused light on to the subject. 

The effect of any single light on the appear- 
ance of the subject can be controlled in a 
number of ways. 

(1) The angle of the rays falling on the sub- 
ject may be varied — i.e., the lamp may shine 
either horizontally, or from vertically above or 
below, or from any intermediate angle. 

(2) The position of the light may be varied, 
making the lamp shine from in front, from 
behind, or from any intermediate point. 

(3) The distance from the subject may be 
changed from near to far. 
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(4) The power of the lamp may be varied 
according to the consumption or type of the 
light source chosen. 

(5) The softness and spread of the rays may 
be changed by letting them shine through a 
translucent diffusing screen — e.g., of stretched 
white muslin. 

(6) The colour temperature may be con- 
trolled by the use of tinted filters in front of the 
lamp. 

All these various forms of control can be 
exercised with a single light source. But any 
number of single sources may be used at the 
same time, and each one may be varied in any 
of the six ways independently of the others 
i.e., with two lamps, there are six ways in which 
the effect of either lamp may be altered, 
associated with six states of the other. So that 
with only two lamps in use, there are thirty-six 
ranges of lighting effect, and since each range of 
effects offers anything up to another dozen 
recognizably different effects, the photographer 
is faced with an embarrassing number of alter- 
natives in arranging the lighting. And as the 
number of lights increases, things get more 
complicated. 

So a haphazard experimental approach is 
out of the question. Correct subject lighting 
follows as a logical result only when the photo- 
grapher can visualize the characteristic effects 
of the basic lighting conditions; he has already 
in his mind a picture of how he wants the 
subject to look, and he places his lights to 
give the effect corresponding to his mental 
picture. 

It does not follow, however, that by em- 
ploying all of these lighting effects a better 
picture will be achieved. 

BASIC LIGHTING CONDITIONS 

It is first of all necessary to recognize the 
basic lighting conditions. Five lighting condi- 
tions give characteristic effects which can be 
easily recognized. These are when the light, in 
relation to the subject (not the camera), comes 
from front, side, behind, top, below. (In 
practice these basic conditions are rarely 
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FRONT UGHTING. The lamp should be slightly above the 
camera level to provide some modelling. At its best the effect Is 
invariably rather flat with very little shadow. 
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SIDE UGHTING. Throws features facing the camera into bold 
relief. Brilliantly lights one side of the subject, leaving the 
other in deep shadow, unless filled In by reflectors. 

used; it is more usual to combine the separate 
characters of two or more by adopting a com- 
promise.) 

Frontal Lighting, When the light shines on to 
the front of the subject it casts no definite 
shadows that are visible from the camera posi- 
tion. So the subject appears completely without 
relief; it is recognizable only by its shape against 
the background, and by its own differences of 
colour and tone. Where the surface of the 
subject curves away from the camera, however 
— e.g., along the sides of the cheeks and neck in 
a full-face portrait — less of the light is reflected 
back to the camera, so the tone is propor- 
tionately darker. 

Frontal lighting is called “flat” or “shadow- 
less” lighting; it can give a high key picture of 
subjects which have no strong colour or tone 
contrasts of their own; it is the lighting gener- 
ally recommended for straightforward colour 
photography because the illumination of all the 
colours is substantially equal and therefore the 
colours are more likely to come within the 
exposure range of the colour film. 

Frontal lighting is often encountered in 
everyday life when the sun shines from behind 
the observer, so it is accepted as normal and 
calls up no special associations. 

Side Lighting. When the light shines from one 
side on to the subject, it illuminates that side 
brightly and leaves the other in complete dark- 
ness. The result is to make the subject appear to 
stand out in strong relief because any feature 
that projects— e.g., the nose in a full-face por- 
trait — reproduces as a highlight with an 
associated strong black area. The black area 
consists of the unlighted part of the projection 
and the shadow cast by the projection on the 
adjacent surface. A depression in the surface 
of the subject shows up as a highlight on the 
edge farthest from the light source and a 
shadow area on the same side as the light 
source. 

Side lighting is common in normal, everyday 
experience and is quite automatically accepted 
as natural. 

Top Lighting. When the light shines from 
directly over the subject it casts all shadows 
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TOP LIGHTING. Throws feotures facing the camera into relief. 
All shadows are cast downwards, and the effect is not a natural 
one. It can, however, be used as effect lighting. 

vertically downwards over the subject. Gener- 
ally, it highlights the features in the same way 
as side lighting — i.e., it emphasizes projecting 
features and depressions by reproducing them 
as areas of associated strong light and shade. 
Top lighting is not a normal effect away 
from the tropics, so it looks unnatural even 
when produced by artificial light. 

Lighting from Belon. When the light shines from 
below, the shadows are cast upwards. Pro- 
jecting features are brightly lighted on the 
lower side and the upper surfaces are in shadow. 
The shadow on the side of projecting features 
joins up to the cast shadow to make a single 
black area. 

This effect never occurs in nature so it 
looks completely false. The most familiar 
example of such lighting is the light of theatre 
stage footlights so, possibly by association, 
lighting from below has come to suggest drama 
and artificiality. 

Lighting from Behind. When the light shines 
from behind the subject, all shadows are cast 
towards the observer. If the light is directly 
behind, the only indication of its presence may 
be a brilliant rim of light produced when the 
rays are reflected from surface roughnesses, 
fibres or hairs, the general effect looking some- 
thing like an eclipse of the sun. This rim of 
light becomes wider as the lamp moves around 
towards the side, top, or bottom of the subject. 
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LIGHTING FROM BELOW. Shadows are cast upwards, pro- 
ducing theatrical and dramatic effects. The light should not be 
too low, otherwise the result looks weird. 


Rim lighting and backlighting are common in 
subjects seen against the rising or setting sun, 
so they are not unnatural in their effect. At the 
same time they leave the front of the subject 
completely in shadow, so they are rarely used 
as a sole source of photographic lighting. When 
they are used, it is as effect lights and not as 
principal illumination. 

The Basic Lights. There is no limit to the number 
of lights that can be employed or the number of 
ways in which they can be arranged to provide 
a scheme of subject lighting. But there are only 
four functions that any particular light source 
can fulfil (although one light source may answer 
more than one of these purposes at a time) — 
i.e., it may be the principal (or modelling) 
light, a fill-in light, an effect light or it may 
light up the background. 

Principal Light. In every scheme there is one 
light that dominates all others; it creates the 
most noticeable highlights and it casts the most 
important shadows. This is the light that “holds 
the picture together” and its power and posi- 
tion must be adjusted so that its purpose is 
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REAR LIGHTING. Leaves the subject as a detailless silhouette, 
usually with a brilliant rim of light outlining the subject shape. 
Mostly used as eff ect lighting only. 

obvious. If any other light in the system is 
strong enough to compete with the principal 
light it will divide the interest, possibly produce 
conflicting shadows, and the picture will 
generally be confusing and incoherent. 

Fill-in Light. The job of the fill-in light is to 
illuminate the shadows cast by the principal 
light. 

The photographic emulsion is relatively less 
sensitive to weak tones than the human eye, 
so while the eye may still be able to discern 
detail in the shadows cast by the principal light, 
the camera reproduces them as featureless black 
patches. So more light must be directed into 
the shadows to bring the over-all contrast of 
the subject within the range of the sensitized 
material. 

A reasonable balance between highlight and 
shadow illumination is achieved when the 
shadow brightness is approximately one-third 
of the highlight. This condition may be created 
by adjusting the distance between the fill-in 
light and the subject, or preferably by altering 
the power of the light sources. 
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The position of the fill-in light must be 
chosen so that it illuminates the shadows cast 
by the principal light but casts no new shadows 
that would be visible from the camera. There 
is only one position which fulfils this condition, 
namely, when the fill-in light is close to the 
camera position. In practice, so long as the fill- 
in light is more or less on the line of sight of the 
camera and not far away from it, everything 
will be satisfactory, but if it is well in front of or 
behind the camera, it will tend to cast its own 
set of shadows. This is why it is better to adjust 
the balance of the lighting by altering the rela- 
tive powers of the principal and fill-in lights 
than by moving the fill-in light. The fill-in light 
is almost always provided by a floodlight 
giving a soft and evenly distributed illumina- 
tion. 

Although a reflector is often used as a fill-in 
instead of an actual light source, it is seldom as 
successful because it is only occasionally that 
the principal light is in such a position that its 
light can be reflected on to the subject from the 
camera position. It is usually necessary to have 
the reflector to one side or the other of the 
subject, although a reflector with a diffusing 
surface will not always cast shadows of its own. 
Effect Light. An effect light is one that is 
directed on to the subject with the aim of pro- 
ducing a distinctive highlight— e.g., a bright 
rim, a highlight on hair or cheek in a portrait — 
or of adding extra sparkle and brilliance. One 
of the most common effect lights is a light 
placed behind the subject and shining towards 
the camera to give a halo of light around the 
subject. Any number of such effect lights may 
be introduced, and they may be provided by 
spotlights, floods, or even reflectors. Mirrors 
are particularly useful for this kind of illu- 
mination. 

Background Light. The background of subjects 
photographed in daylight is a matter for selec- 
tion; it may be empty or furnished with objects, 
it may be brightly lighted or in shadow accord- 
ing to how the photographer takes the picture, 
but in every case, it is already there. In artificial 
light photographs, the photographer creates 
the background; nothing will appear in the 
finished picture unless he has put it there and 
then either intentionally or accidentally 
directed light on to it. 

The photographer may choose a flat, plain, 
neutral tinted background for his subject, or 
it may be curved, textured or printed with a 
pattern; but the amount that appears in the 
finished picture, and the brilliance of its tone 
in relation to the subject, is a matter of light- 
ing. It is possible to concentrate on the subject 
lighting and trust to luck that whatever inci- 
dental light falls on the background will pro- 
duce a passable effect. (This is the characteristic 
approach of the beginner who forgets about the 
background until it turns up in the finished 
print to remind him unpleasantly of his over- 
sight in arranging the subject.) 
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In all serious work, however, the background 
is separately lighted by a specially arranged 
background light. This may be supplied from a 
spot or a flood, depending on whether the 
light is to be spread evenly or concentrated. 

Where a spotlight is used, the shape of the 
patch of light projected on to the background 
may be altered by manipulating the focusing 
adjustment, by altering the angle at which 
the beam strikes the surface and by employ- 
ing masks (e.g., “barndoors”) in front of the 
spotlight so as to cast a shadow. 

Where a floodlight is used, the area illu- 
minated can be controlled by turning the 
lamp and reflector and by supporting a 
shaped piece of card in front of the light to 
cast a shadow over part of the surface. 

The broad object of background lighting is 
to create a tone contrast between the back- 
ground and the part of the subject that appears 
against it. In the simplest case, where the 
subject is lighted from one side, the background 
is lighted so that the shadow side of the subject 
is seen against a light tone and the lighted side 
against a dark tone. It may be brightly lighted 
all over so that the entire edge of the subject 
stands out in a darker tone than the back- 
ground. Or it may be given a low level of illu- 
mination so that all the edges of the subject 
appear brighter by contrast. The range of 
effects is infinite and completely under control, 
but it can never be left to chance; the back- 
ground lighting is as much a part of the picture 
as the subject lighting itself. 

Reflectors. Where there is already one source of 
illumination, the effect of a second source can 
be created within limits by using suitably dis- 
posed reflecting surfaces. These generally con- 
sist of flat boards painted with white enamel or 
aluminium paint, stretched sheets of white 
fabric or even sheets of white drawing paper. 
A reflector of this type can be arranged so that 
it intercepts rays from a light source and 
reflects them in another direction. A reflector 
with a perfectly polished surface reflects the 
light in straight lines, in the same way as a 
mirror, whereas the more usual matt white 
surface scatters the rays and behaves like a 
weak and very diffused floodlight. 

Most of the basic lighting conditions can be 
reproduced approximately by suitably placed 
reflectors so long as the position and angle 
of the true light source lends itself to the 
arrangement. For instance, when the light 
source is in front of the subject, a reflector can 
be arranged to direct part of its rays on to the 
sides, top, bottom, or back of the subject — 
but not on to the front. 

A reflector may also be used to reflect all the 
light from the source so that no direct rays 
from the source fall on the subject. This may 
be done to create a softly diffused source of 
light where the direct rays would give too hard 
an effect — as when a flash is “bounced” off a 
light-coloured wall or ceiling. 
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A reflector may thus be regarded as a weak 
and diffused supplementary light source. Its 
feeble character can generally be offset by 
placing it close to the subject, and even its 
diffusion can be overcome by using a mirror 
instead of a white surf ace. 

SHADOWS 

Shadows are inseparable from almost every 
lighting arrangement. The only position from 
which a lamp casts no shadows that will come 
out in the photograph is from the position of 
the camera itself. From all other positions, 
every light source casts a shadow that may or 
may not reproduce in the print. Generally 
speaking any light source in the lighting arrange- 
ment is bound to cast shadows that reproduce 
in the print — otherwise it would not be doing a 
useful job. And it is a safe rule that any 
shadow that can be detected in the actual set-up 
will appear darker in the final print. 

The quality, size and shape of the shadow 
vary according to the effective area of the light 
source, the size of the object casting the 
shadow, and the relative distances of the 
source and the object from the surface on 
which the shadow is cast. 

Quality of the Shadow. The light source affects 
the quality — i.e., tone and sharpness-— of the 
shadow according to the effective area of the 
source. 

A point source of light without a reflector 
will cast on to a surface perfectly sharp 
shadows of any opaque object; this applies no 
matter what distance there is between light 
source, object and surface. But the closer the 
light is brought to the object, the bigger the 
scale of the shadow, and the closer the surface 
is brought to the object, the smaller the shadow. 
In every case, the shadow will be equally dense 
all over. 

A source of parallel light rays — e.g., a spot- 
light — casts a sharp shadow that is always 
exactly the same size as the object, no matter 
how far the object and the surface may be 
from the source. Here again, the shadow 
density is the same from edge to edge. 

What happens with a source of a definite 
size— e.g., a pearl Photoflood bulb — can be 
understood by visualizing the shadows cast by 
two light sources side by side. Each source will 
cast a separate shadow of the object on the 
background and if the lamps are far enough 
apart, rays from the lamp on the one side will 
fall on the shadow cast by the lamp on the other. 
So each shadow will be lighter in tone than if the 
second lamp had not been there. 

If the lamps are brought closer together, the 
cast shadows will approach each other and 
finally meet and overlap. Where the two over- 
lap there will be an area of deep shadow 
receiving no illumination at all, flanked by areas 
of lighter tone where the shadow cast by one 
lamp is illuminated by the other. 



SHADOW FORMAT/ON. Top: A parallel beam f rom a spot] amp 
casts a sharp shadow of the subject in approximately the same 
size. Centre: A point source casts a sharp shadow larger than 
the subject. Bottom: A larger source casts a diffused shadow 
of a dark core and a blurred lighter rim (a penumbra). 

The same thing happens with a broad light 
source such as a floodlight or a Photoflood bulb 
in a matt reflector. Such sources can be re- 
garded as being made up of a number of point 
sources placed side by side. So the cast shadow 
will consist of a dark central area bounded by 
lighter areas where the shadow cast by one edge 
of the source is illuminated by light rays from 
the opposite edge. 

The dark centre of such cast shadows is 
known as the umbra, and the lighter fringe as 
the penumbra. Generally, the broader the 
source and the closer it is to the object, the 
wider the penumbra. And the smaller the 
source and the farther it is away from the 
object, the narrower the penumbra. 

The effect of the penumbra is to soften the 
edge of the shadow. In practice, the sharpness 
of the edge of the shadow calls for careful con- 
trol in relation to its purpose; generally, a 
sharply defined shadow attracts more attention 
than one that is softly diffused. 

Size of the Shadow. This is governed by the 
relative distances separating the light source, 
the object and the surface on which the shadow 
is cast. As the light source approaches the 
object, the shadow grows bigger and as the 
object gets closer to the surface the shadow 
grows smaller. By adjusting the relative posi- 
tion of subject, light source and background in 
this way, the photographer can introduce back- 
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ground shadows of the subject — or any suit- 
ably shaped object — into the picture. The 
shadows can be either large and dominating, 
or small and subordinate according to the 
arrangement employed. 

Shape of the Shadow. If the background is flat 
and at right angles to the beam of light, the 
cast shadow is a scale reproduction of the pro- 
file of the object. Since this type of shadow is 
simply a straightforward silhouette of the sub- 
ject, it is uninteresting and rarely worth in- 
cluding in the picture. But when the shadow falls 
at an oblique angle, it becomes distorted — 
generally in some interesting way — and can 
make a valuable contribution to the composi- 
tion. The distortion can be varied still further 
by curving the background in any direction. 
Here again the range of effects obtainable 
extends the power of the photographer to 
express his ideas in terms of light and shade. 
Shadow and Subject There are generally two 
surfaces on which the lighting casts a shadow of 
the subject: the background and the sup- 
porting surface — e.g., the table or bench, or the 
floor on which the subject stands. In some cir- 
cumstances both these shadows will appear in 
the picture, in others, only one of them, and 
both can if necessary be removed by various 
means. 

Shadows on the Background. When the subject 
is lighted from the front, its shadow will fall 



SHADOW POSITION. Top: With front Nfflt/nf the lAodow Is 
cast directly behind the subject, while top lighting or side 
lighting moves the shadow down or to one side respectively . 
This helps to separate subject and shadow. Bottom: Wit/i a 
given light position , a level camera position Includes less of 
the shodow In the picture than a high camera angle. 
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directly behind it on the background and the 
camera will not see it. When the light shines at 
an oblique angle from the side or above the 
subject the shadow will fall too far away to be 
included in the picture area. In all such cases 
the photographer can ignore the shadow of the 
subject when he is arranging the background. 
If there is an unwanted area of shadow cast by 
oblique lighting, he can make it fall outside the 
picture area by simply moving the subject away 
from the background. 

But in hll intermediate lighting positions the 
shadow of the subject falls inside the picture 
area. It is part of the picture, and as such, it is 
subject to all the methods of control described 
above — i.e., it can be varied in density, sharp- 
ness, size and shape. In addition, the shape of 
the shadow can be altered by turning the 
subject in relation to the light and the back- 
ground, and its tone can be made lighter by 
directing a light on to it from the front or 
side. If necessary, the whole shadow or only a 
part of it can be made to disappear by lighting 
it in this way with a flood or spotlight. 

Shadows on the Support. Normally the shadow 
on the support — e.g., the floor — is not so much 
in evidence as the part that falls on the back- 
ground. There are two reasons for this: be- 
cause the camera sees less of the horizontal 
surface of the support than of the vertical 
surface of the background, and for the psy- 
chological reason that the shadow on the 
support is accepted as a natural part of the 
subject. Everything resting on a surface (as 
most things do) casts a shadow on that surface 
and in fact this kind of shadow is more likely 
to be missed when it is not there than noticed 
when it is. 

When the camera looks down on the subject, 
the shadow on the support becomes more 
noticeable and it can be made even more so by 
appropriate lighting — e.g., low-angle lighting 
will produce unusually long shadows, or a 
point light source near the subject will create 
shadows that broaden as they stretch away 
from the subject, leaving the subject standing at 
the apex of a wedge of shadow. 

But there are occasions when the shadow is 
just a distraction — e.g., in catalogue illustra- 
tions and the like. To attempt to “kill” the 
shadow with another light might simply add 
another shadow on the opposite side of the 
subject. The correct method, whenever practic- 
able, is to rest the subject horizontally on a 
sheet of glass supported above a sheet of white 
paper. This white paper is in effect a back- 
ground and may be illuminated either by a 
special light or by the subject lighting. If the 
subject lighting provides the “background” 
light then it must fall at such an angle that the 
cast shadow lies outside the picture area. 

This method of supporting the subject also 
makes it possible to light it from below to get 
rid of shadow areas in which the detail would 
otherwise be lost — an important point in 


661 


LIG 



BUILDING UP A UGHTING SET-UP. I. The principal light is a 
floodlamp to one side of the camera, shining down on the 
subject. This provides the main modelling. 2. A diffused flood 
is added as a fill-in light from die front and on the some level 
as the subject. 3. A spotlamp is introduced to light up the back- 
ground. 4. A second spotlamp octing as effect light (In this 
case a side-rlm light) completes the basic set-up. 


Illustrations of products for catalogues, adver- 
tisements and instruction books. 

STANDARD LIGHTING ARRANGEMENTS 

Lighting to the photographer is what brush 
and paints are to the artist and one should be as 
free to express himself in his own way with his 
materials as the other. The last thing a photo- 
grapher should seek to do is to copy slavishly 
any so-called standardized method of lighting. 
At the same time, while he ought not to be con- 
cerned with any such arrangement as a goal, 
he can save himself a lot of trouble and experi- 
ment by using it as a point of departure from 
which to develop. 

Broadly speaking, the subject lighting may 
be arranged to reproduce either modelling or 
texture. In addition there are a number of 
special effects: silhouettes, shadowless light- 
ing, high and low-key lighting, lighting for the 
photography of polished surfaces, and some- 
times lighting for a given contrast range. 
Lighting for Modelling. In normal straight- 
forward photography of people, solid objects, 
and three-dimensional subjects in general, the 
aim of the lighting is to convey the depth and 
roundness of the subject. It does this by making 
one side of the subject light and the other dark, 
with a gradual transition from one to the other 
where the surface is curved. It creates planes of 
differing tone values in which the nearer parts 
of the subject contrast with those farther away. 
As the natural light out of doors shines down- 
wards, the most natural effect is achieved by 
making the principal light shine downwards on 
the subject too. 

So the basic position for the principal light 
to achieve natural modelling is above, in front 
of, and more or less to one side of the subject — 
e.g., with the angle of the beam at 45° to 
the front of the subject in both horizontal 
and vertical planes. In this position the light 
illuminates something like two-thirds of the 
visible part of rounded objects like a ball or the 
human head and leaves the rest in shadow. 
There is no sharp dividing line between the 
two areas and the smooth change over from 
highlight to deep shadow suggests the round- 
ness of the surface. But the part of the subject 
that receives no light will be completely black 
and featureless. In practice, enough stray 
reflected light usually reaches even the deepest 
shadows to enable the eye to detect some detail 
there, but the illumination is much too weak 
for the sensitized material to record it. The 
result is that the shadows print out as solid 
blacks. 

This is why a fill-in light is necessary. The 
purpose of the fill-in light is to light up the 
shadow side of the subject (but without casting 
any visible shadows of its own). Raising the 
level of the shadow illumination in this way 
reveals enough detail to make the dark tones 
interesting and narrows the over-all contrast 
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range so that all the tones can register in pro- 
portionate densities in the photograph. 

Normally the best position for the fill-in 
light is as close to the camera as possible. In 
this position it casts no shadows that are visible 
from the camera station and it illuminates all 
the shadows cast by the modelling light that 
are visible from that point. A reflector can be 
made to serve instead of an actual light source 
but its scope is more limited and for it to provide 
enough illumination it may have to be brought 
so close to the subject that it intrudes into the 
picture area. 

Lighting the Background. At this point the 
subject will appear naturally lighted with high- 
lights on the top and one side and more or less 
luminous shadow areas on the opposite side 
and below. It will look nicely rounded, but the 
shadow side will tend to be lost against the 
dark background and in a portrait the hair 
will tend to look lifeless. 

The tone of the background must now be 
adjusted by adding background lighting. There 
are no rigid rules about this; the subject may 
call for a plain neutral tone provided by a 
broadly dispersed floodlight, or any of the 
light and shade effects obtainable with a spot- 
light or masked flood. This stage in the light 
is dictated by the photographer’s mental pic- 
ture of how he wants his subject to look. 
Generally the level of the background illumina- 
tion should be below that of the subject, but 
there are occasions when a brightly illuminated 
background and a comparatively dark subject 
may be more appropriate. 

Lighting the background will make the edge 
of the shadow side of the subject visible and for 
many subjects the lighting will now be satis- 
factory. But while the modelling of the subject 
will be satisfactory up to a point, the general 
appearance will suggest that it consists of only 
the front half stuck on to the background — i.e., 
an orange against a white background would 
look like half an orange with its flat surface 
against a white wall. 

A final suggestion of roundness and depth 
can be given by the use of back lighting. The 
back light is placed so that its rays strike the 
side of the subject and create a rim of light 
which is visible from the camera position. As 
the rays are directed more or less towards the 
camera, they leave the front of the subject in 
shadow, which is taken care of by the principal 
and fill-in lights. (The lens must be screened 
from the rays of the back light by a deep hood 
and the light itself must be carefully controlled 
to prevent any rays from striking the lens.) 

The bright rim of light, fading towards the 
front of the subject, creates an illusion of depth 
that was previously absent. It pulls the subject 
away from the background and makes it clear 
that it occupies a position in space between the 
observer and the plane of the background. 

The lighting set-up now provides a sound 
system of basic lighting for modelling that will 


serve for most subjects. By varying the power 
and character of the lighting the general effect 
can be varied within wide limits without 
departing from the basic principles. 

Profile Lighting. Where the interest of the sub- 
ject lies in the outline, there are two methods of 
lighting that will emphasize it — profile light- 
ing, which shows a bright outline of the subject 
against a dark background, and silhouette 
lighting which shows a dark or even black out- 
line against a comparatively much lighter or 
white background. 

Profile lighting is often employed in portrai- 
ture where this aspect of the sitter’s face is the 
most characteristic. It is created by a back 
light so placed that its rays strike the edge of the 
subject at an angle of about 45° from behind 
and above. This illuminates a narrow band 
around one side of the subject and fades 
into darkness towards the front. The back- 
ground may be lighted to throw up the shadow 
side of the subject while leaving the lighted 
profile to appear against a dark background. Or 
the whole shadow side of the subject may be 
left to merge into an unlighted background to 
emphasize the outline of light around the 
opposite side. 

This lighting technique is effective for nude 
figures studies. 

Although the bright outline is the interesting 
feature in this type of lighting, it is generally 
advisable to show something of the rest of the 



LIGHTING FOR TEXTURE. Top: Very low oblique lighting 
emphasizes texture by casting pronounced shadows of surface 
detail and unevennesses. Centre: Oblique lighting shows up 
texture naturally by providing normal modelling. Bottom: 
Front lighting illuminates all the shadows evenly, and thus kills 
the texture effect, making the subject look completely flot. 
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subject. This can conveniently be done by 
throwing back some of the profile lighting with 
a reflector facing away from the camera. The 
same result can be arrived at by using a very 
subdued fill-in light from the camera position. 

Profile lighting is frequently used as an effect 
in conjunction with straightforward modelling 
lighting, particularly in glamour portraiture. 
In this case it may be used f rom one side or both. 
Silhouette Lighting. In silhouette lighting the 
subject is shown as a more or less solid black 
shape against a light background. The object 
here is to illuminate the background brightly, 
and the subject not at all. 

One effective way of doing this is to pose the 
subject against a thin and uncreased white 
sheet or tablecloth and make the exposure by 
firing a flash directed at the back of the sheet, 
opposite the subject. 

The same effect can be produced by lighting 
a white background with a floodlight placed 
behind the subject. With this method there is 
more risk that stray light will be reflected on to 
the front of the subject. 

Here again, the silhouette technique is often 
combined with other lighting so that while the 
main lighting emphasizes the significant pro- 
file, the secondary lights pick out other fea- 
tures necessary to the final effect. 

LIGHTING DIFFERENT MATERIALS 

Surface texture is one of the most important 
and revealing characteristics of many materials, 
and it expresses itself in the form of uniform 
unevenness of one sort or another. This un- 
evenness is a manifestation on the surface 
of the material of its essential grain or struc- 
ture. A polished surface has no texture in the 
accepted sense of the word, yet the fact that 
it can take and retain a polish suggests a dense, 
hard structure — e.g., glass, chromium plate, 
diamond. But the rough splintered face of 
sawn timber speaks directly of its fibrous 
texture, just as the hairy nap on a piece of 
Harris tweed or the smooth shaen of a piece of 
silk conveys a clear impression of the physical 
nature of the material. 

In many subjects texture is as important as 
shape and modelling. It is an essential feature 
in photographs of materials — e.g., fabrics, 
leather, wood — and it is also vital in portrai- 
ture, where the appearance of the skin — smooth 
and rounded or rough and wrinkled — says so 
much about the age and character of the 
subject. The texture of food, fruit and flowers 
seen close up can evoke many of the actual 
physical sensations of the real thing. 

Broadly speaking, texture is revealed by side 
lighting and obliterated by frontal lighting. 
When the light strikes the surface at such an 
acute angle that it just skims the surface, the 
tiniest projection will be brilliantly lighted on 
one side and cast exaggerated shadows on the 
other. If the light comes from a point source, 


or from a parallel beam— e.g., from a focusing 
spotlight — the cast shadow will be sharp and 
incisive. The surface texture will be emphasized 
and sharpened by this treatment, whereas, if 
the light is diffused, the cast shadows will be 
blurred and the texture softened. 

The type and angle of lighting used to bring 
out the surface texture will depend on the 
material being photographed. The hard, low- 
angle lighting that would be quite suitable for a 
piece of canvas would make velvet look bristly 
and stiff instead of silky and pliable. 

A fill-in light is just as necessary here as in 
normal lighting. Without some illumination in 
the shadows, they would appear inky black in 
the print. This might be an advantage with 
subjects that call for the greatest possible 
emphasis of texture, but generally the photo- 
graph will be better for some shadow illu- 
mination provided by a fill-in light or reflector 
shining from the camera position. Again, the 
more powerful the fill-in light the less prominent 
the texture will be. 

One of the problems of reproducing texture 
arises when it is to appear simply as an extra 
in a normal photograph. In such cases the 
modelling and the texture lighting would com- 
bine to give an unnatural or positively dis- 
pleasing effect. Draped materials, for example, 
would call for careful modelling to show the 
soft roundness and depth of the folds. To intro- 
duce strong cross lighting for texture would 
defeat the object of the principal lighting. 

In such cases the answer is to arrange the 
main lighting to give the best modelling over 
most of the subject and then to indicate the 
texture by a suitably placed rim light. Where 
the near margin of the rim lighting just begins 
to fade out, the rays glance off the surface of the 
subject at an extremely acute angle and em- 
phasize the texture strongly. When this 
technique is applied to a sufficiently strong 
point in the picture, the eye accepts the sug- 
gestion of texture as applying to all the subject. 
Polish. Strictly speaking, polished surfaces 
show nothing of the texture of the material, but 
if the polish is an essential feature of the sub- 
ject, it must be reproduced in the photograph. 
Polish is indicated by light reflections, but 
there is nothing gained by allowing extensive 
areas of the surface of the subject to be taken up 
with uninteresting patches of light toned reflec- 
tions or distorted images of the light sources. 
A few odd catchlights are all that is necessary 
to show that the surface is polished. With many 
subjects considerable skill and a measure of 
compromise are required to reduce the surface 
reflections to a catchlight or two. The effect can 
be judged only by examining the image on the 
focusing screen or by viewing the subject from 
the same position as the camera lens. It may be 
necessary to move the principal lighting to get 
rid of major reflections and introduce a small, 
carefully controlled spot to provide the catch- 
light on the polished surface. 
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When a polished surface has a pattern — e.g., 
the grain of wood — reflections mask the pattern 
and are therefore undesirable. Moving the 
lights to get rid of the reflection may produce 
bad subject lighting, and any of the tricks of 
dulling the surface would obliterate the pattern 
or marking. 

In these circumstances the answer may be 
to use a polarizing screen in front of the 
lens. This can be rotated until the unwanted 
reflections (which consist mainly of polarized 
rays) are absorbed; the surface markings will 
then be visible. A polarizing screen has no effect 
on light reflected from metal surfaces, however, 
since these rays are not polarized when reflected 
unless the light source itself is polarized. 

Sbeen. Many materials have a glossy surface 
combined with a rough or irregular texture — 
e.g., skin, silk, ornamental leather, feathers, 
and fur. In such materials the polished surfaces 
are neither large nor flat enough to produce 
directional reflection, but they combine to give 
a sheen or gloss to the material. This sheen is a 
characteristic that must be preserved in the 
photograph but it cannot be captured by texture 
lighting. Oblique lighting emphasizes the 
physical texture but falls at the wrong angle to 
reflect the glossiness. On the other hand, a 
broad soft flood of light, from a high, frontal 
angle will give plenty of reflection but tend to 
flatten the physical texture of the surface. If 
it is necessary to reproduce both, the answer 
is to arrange the principal lighting to em- 
phasize the sheen and a rim light to suggest the 
texture. 

Translocence. Some materials, while they are 
by no means transparent, will allow light to 
disperse through them — e.g., flesh, hair, many 
of the plastics, flower petals and leaves. This 
translucence can only be revealed by rays 
travelling towards the camera. Such rays strike 
the subject and penetrate the surface, lighting 
it up with a luminous glow that radiates in the 
direction of the camera. When the lights fall on 
the front of the subject this glow is invisible 
and the material looks dead. 

Materials. The standard techniques employed 
for rendering the texture of a number of com- 
mon materials are described briefly below. 

Damask and patterned materials: normal 
lighting to give modelling to the folds with a 
contrastfilter for the pattern. 

Flowers, foliage, fruit: soft, normal lighting 
with effect lighting from behind and above to 
show translucence and add rim light to pick out 
shape and texture. Opaque subjects are best 
lighted from the side with plenty of soft fill-in 
lighting. 

Glassware: (1) for catalogue-style illustra- 
tions, normal lighting using a point source — 
e.g., a carbon arc spot — as the principal light 
to give sharply defined shadow. The shadow 
must not be exaggerated and a careful watch 
must be kept for excessive reflections and 
catchlights. 
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(2) Experimental treatment making use of 
exaggerated patterns of shadows and high- 
lights created by refraction in the glass. The 
background or support on which the shadows 
are cast needs to be close to or touching the 
subject. Here again much can be done with 
point source illumination. 

(3) Silhouette treatment created by photo- 
graphing the subject against a lighted back- 
ground. The effect is more delicate if the sub- 
ject is supported horizontally on a sheet of glass 
above the “background” and it may be further 
elaborated by the use of effect lights to create 
highlights brighter than the background tone 
while the main outline of the object is darker. 

Leather: (1) smooth finishes — e.g., calf — are 
best lighted with a combination of soft normal 
lighting and as much hard oblique lighting as 
is needed to bring out the surface texture. 

(2) Grained, glossy finishes — e.g., crocodile — 
call for plenty of soft frontal light to repro- 
duce the shine plus a spotlight for modelling 
the object. Grained, rough finishes like 
natural crocodile, lizard and snakeskin may be 
lighted normally, to show the natural pattern, 
or cross-lighted to show the texture. If the 
pattern is to show clearly, there must be no 
shine visible on the surface when viewed from 
the camera. 

(3) Hide: the rough-textured “pigskin" 
finish is best reproduced by point-source 
lighting from slightly to the rear (to emphasize 
the texture) and as much diffused frontal 
lighting as is necessary to register the over-all 
shape and form of the subject. The glossy type 
of finish can be given similar treatment except 
that the texture lighting should be softer to 
give more prominence to surface reflections 
from the rounded pattern than to the shadows. 
An effect light — usually a small spot — will 
generally be necessary to add life and modelling. 
Its position will depend upon the shape of the 
subject which might be a pair of gloves, a 
handbag, or a suitcase. 

(4) Suede: this must be carefully brushed in 
the direction of the pile and then given hard 
lighting for texture with a point source — e.g., a 
carbon arc — in combination with softer 
general lighting to show the shape of the subject 
and its basic feeling of limpness. 

Tweed: this calls for contrasty oblique light- 
ing — e.g., from a carbon arc spot — to pick up 
the texture and some soft frontal light to show 
the pattern. If the material is draped, it may 
be necessary to suggest the texture with rim 
lighting and devote the principal lighting to 
modelling the folds and recording the pat- 
tern. 

Silk: a soft flood of frontal light will bring 
out the shimmer and gloss of the material, but 
an effect spotlight should also be added to 
introduce life and modelling and prevent the 
photograph from being flat and humdrum. 

Paper: the lighting will vary according to the 
type of paper and the reason for photograph- 
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mg it: backlighting for translucent papers; 
cross lighting for rough textured papers; 
frontal lighting for patterned papers. 

Pottery: the unglazed variety is best given 
normal but hard lighting to bring out the 
essential roughness of its texture. An effect 
spotlight can be usefully included to add a 
highlight. Glazed pottery needs soft lighting 
with no reflections, except possibly a catch- 
light, otherwise the pattern will be obscured. 
Delicate china should be given backlighting to 
reproduce its translucence with enough frontal 
light to show the shape and pattern. 

Silver and polished metal ware: this generally 
calls for a very special technique. The basic 
requirement is a soft and widespread source of 
illumination which will form no definite re- 
flections on the surface of the subject. The light 
of a flood may be “bounced” off a large sheet of 
white paper; the subject may be set up in a 
muslin tent illuminated from outside by one or 
more floodlights while the camera peeps in 
through a hole. There are various tricks for 
dulling the surface — e.g., with putty — to kill 
reflections, but these destroy the real character 
of the metal. 

Wood: wooden objects are usually finished 
smooth or even polished, so they have no real 
surface texture. At the same time, the principal 
object of polishing is to reveal the beauty of the 
grain, so the grain must be reproduced in the 
photograph. Normal lighting for modelling is 
satisfactory, but the rendering of the grain can 
be improved by using a colour filter in front of 
the lens. The colour filter should never be 
deeper than the palest tint of the wood — i.e., a 
pale yellow for such woods as light oak and 
sycamore, a deep yellow or orange for walnut, 
and a light red for mahogany. 

CONTRAST AND EXPOSURE 

When the lighting on the subject has been 
arranged to give the required effect, other 
photographic considerations must be made; 
these are principally concerned with subject 
contrast and exposure. 

Contrast. In taking pictures by artificial light, 
the subject contrast is completely under the 
control of the photographer. His principal 
light sets the level of the highlight illumination 
and his fill-in light fixes the level at the other 
end of the scale. It is not enough to build up 
a lighting scheme that gives the desired visual 
impression; he must know what is going to 
happen to the highlights and shadows when 
they have been translated into the corres- 
ponding dark and light grey tones of the print. 
How they will reproduce will be governed by 
his handling of the successive variables of 
negative exposure and development and the 
contrast grade, exposure and development of 
the print. 

All this points to the need for careful records 
of the lighting arrangements and rigid control 


and recording of all the subsequent stages. 
Without a great deal of experience in handling 
subject lighting it is impossible to predict the 
final effect of any lighting set-up. The pro- 
fessional can acquire the experience fairly 
quickly; the amateur can avoid a lot of wasted 
exposures by making detailed notes of each 
set-up and its results. 

Once the lights are in position, the contrast 
can be controlled by moving them closer to the 
subject or taking them farther away. As a 
starting point, the principal lighting should be 
three to four times as bright as the fill-in light- 
ing. If both sources are of equal power and 
are broadly diffused, the fill-in light should be 
twice as far from the subject as the principal 
light. For colour photography, the fill-in light 
needs to be closer to give low contrast. 

This basic arrangement assumes that the 
photographer wants to cover all the tones of the 
subject from the deepest shadow to the bright- 
est highlight in an evenly graded black to white 
scale of tones in the print. If, however, he 
wishes to bunch all the deep greys together into 
a mass of solid black to create a special effect, 
while allowing the middle and light tones to 
reproduce normally, he can move the fill-in 
lamp farther away and put the subject contrast 
outside the range of the sensitized material. Or 
a similar effect may be achieved by under- 
exposing slightly. He will then finish up with a 
print in which all the feebler subject bright- 
nesses were too weak to register on the negative 
and thus print out dead black. 

With the same lighting contrast, a longer 
exposure would allow the shadow detail to 
record normally but clog up the highlights so 
that they would reproduce as blank white 
paper. This effect is never deliberately sought as 
clear white paper has none of the aesthetic 
possibilities of equally blank dark areas. 

Correct adjustment of the contrast range 
established by any lighting set-up is just as 
important as the placing of the lights; unless 
it is deliberately planned, the appearance of the 
final print will be a matter of guesswork. 
Exposure. There is no one “correct” exposure 
for any given subject and lighting arrangement. 
It is true that if the contrast of the lighting is 
adjusted so that it exactly corresponds to the 
gradation of the sensitized material, only one 
exposure value will give a faithful representa- 
tion of the subject brightnesses in the print. But 
very often the photographer does not want a 
faithful representation. He may wish to com- 
press the dark or the light tones; he may wish 
to turn out a high or low key picture. The 
photographer has at his disposal a number of 
variables which enable him to control the 
appearance of the final print. Exposure is one 
of these and it is no more possible to lay down 
hard and fast rules about it than to tell a 
painter ho w he should apply his colours. 

The only really satisfactory answer is to use 
a photo-electric exposure meter and take read- 
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ings on or at the parts of the subject that are to 
appear fully exposed in the negative. If the 
subject is more or less even in tone all over, a 
reading from the camera position will be satis- 
factory, but if the important tones occupy only a 
small part of the picture — e.g., the face in a 
portrait — then the meter must be taken right 
up to the subject so that it sees only that 
part. 

If the separate readings of the required high- 
light and shadow luminosities show that the 
range is too great for the material, then the 
lighting must be adjusted to decrease the con- 
trast. 

Frequently, however, the contrast will lie 
well within the range of the material, and there 
will in that case be a range of exposures that 
will give proportional reproduction of the tone 
values of the subject. 

The normal type of photo-electric meter may 
not be sensitive enough to give a reading on the 
shadow areas even if the meter is fitted with a 
low-light scale. When this happens, the answer 
is to use a highlight reading as a basis for cal- 
culating the exposure. If, for example, the 
contrast range is known to be short, then the 
highlight reading can safely be used without 
risk of under-exposing the shadows. 

While actual measurement with an exposure 
meter is the only reliable method of arriving at 
the exposure, there are various published 
tables that enable a fair estimate to be based on 
the set-up data. 

The factors that have to be considered in 
using the tables are: 

(1) Subject: light or dark; colour. 

(2) Room: light or dark walls and ceiling; 
small or large — i.e., reflecting surfaces close to 
or far away from subject. 

(3) Lights: number, power, types of reflector, 
distances from subject and angles at which light 
strikes subject; colour temperature (for colour 
photography). 

(4) Sensitized material: speed; colour sensi- 
tivity; latitude. 

The tables give an arbitrary figure to each of 
these factors and the total figure for each 
lighting set-up, subject and sensitized material 
corresponds to an exposure value stated in the 
final column. 

A condensed table of this type is given below. 
It gives exposures for a single Photoflood bulb 
(or equivalent 500 watt light source) in a 


SHUTTER SPEEDS 


Distance of 
Lamp from 
Subject 
(feet) 

2 

28 

4 

Aperture 
5-6 8 

II 16 

22 

3 

1/400 

1/200 

1/100 

1/50 1/25 

1/10 1/5 

—] 

4 

1/200 

1/100 

1/50 

1/25 1/10 

1/5 * 


6 

1/100 

1/50 

1/25 

I/TO 1/5 

i 1 

2 

8 

1/50 

1/25 

1/10 

1/5 * 

1 2 

4 

II 

1/25 

1/10 

1/5 

i 1 

2 4 

8 

16 

1/10 

1/5 

i 

1 2 

4 8 

16 

22 

1/5 

i 


2 4 

8 16 

32 
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wide-angle, matt surfaced reflector, for fast 
panchromatic film. The table refers to subjects 
of average brightness; exposures should be 
doubled for dark subjects and halved for light 
ones. It assumes that the lamp is used in the 
basic modelling position — i.e., 45° above, 
and on the side-front of the subject with a 
fill-in light or reflector directed from the camera 
position. 

The speed for any other lamp can be calcu- 
lated from its effective light output — e.g., with 
two Photoflood bulbs the exposure would be 
halved — i.e., from 1/25 to 1/50 second. 

Effect of Inverse Square Law. Under certain 
ideal conditions it would be possible to say 
what change should be made in the exposure if 
the lights were moved closer to or farther away 
from the subject. According to the inverse 
square law, moving a lamp to double the dis- 
tance calls for a four times increase in expo- 
sure; to three times the distance, a nine times 
increase, and so on. But in practice it is not 
possible to apply this rule rigidly. 

First of all, the law applies only to light 
radiating from a point source — like the spokes 
of a wheel. It does not apply to the haphazard 
bundle of light rays thrown out by a pearl 
Photoflood bulb in an arbitrarily curved 
reflector that may be either matt, polished, or 
something in between. With such a light source 
it is possible for a proportion of the rays at 
either the centre or around the edges of the 
beam to remain more or less at the same 
intensity as the distance is increased while the 
rest of the rays fall off in intensity according 
to the law of inverse squares. Everything 
depends on the shape of the reflector, the type 
of bulb, and the position of the bulb in the 
reflector. 

Then the law takes no account of reflections 
from other surfaces, and in practice these can 
contribute a great deal to the illumination of 
the subject. When a lamp in a reflector is close 
to the subject all its light may be concentrated 
in a hard patch of light, leaving much of the 
subject only weakly illuminated. If the same 
lamp is moved twice as far away, a proportion 
of the rays will then fall on the surroundings. 
If these are light in tone and happen to be 
suitably placed, they may reflect more light 
than before on to the parts that were only 
weakly illuminated. Under these circumstances 
it might not be necessary to give the exposure 
anything like as much as the four times increase 
demanded by the law of inverse squares. 

Finally, with a spotlight focused to give a 
parallel beam, the law of inverse squares does 
not apply at all. If the beam is truly parallel, it 
will have the same intensity, and call for the 
same exposure, at 50 feet as at 5. In fact, a 
large diameter spot focused to give a converg- 
ing beam would, up to a point, call for a de- 
crease in exposure as it was moved farther 
away from the subject. This ignores though, 
any light loss due to dust in the air. 
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All this points to the impossibility of laying 
down reliable rules for calculating the exposure 
required with any given set-up. The professional 
worker does have a chance to standardize 
certain lighting arrangements and find out by 
trial and error the correct exposure for each. 
By constantly using the same lighting equip- 
ment, he can usually judge correct exposures 
merely by experience. But for the amateur the 


most reliable guide is a photo-electric exposure 
meter and a book of systematic notes. F.P. 

See alao: Colour technique; Lighting equipment: Porlral- 
lure; Tricks and effects. 

Books: All About Lighting for Glamour, by W. N urn berg 
(London); All About Lighting with One Lamp, by H. 
van Wadenoyen (London); All About Lighting with Two 
Lamps , by H. van W denoyen (London); Lighting for 
Photography, by W. N urn berg (London), Lighting for 
Portraiture , by W. Nurnberg (London). 


LIGHTNING. Flashes of lightning are not 
difficult to photograph. The light of the flash is 
bright enough to give a good image on a 
medium-speed film with an aperture of / 11. 
This means that a box camera can be used as 
well as any other type. 

The camera is simply supported on a tripod 
and aimed at the part of the horizon where the 
flashes are most frequent. The shutter is set at 
B, held open until a flash occurs, and then 
released. It may also be left open long enough 
to record a number of flashes, but in this case 
each successive flash adds to the illumination 
of the scene generally. The landscape and clouds 
show up more and more clearly, and cause the 
lightning itself to lose intensity by comparison. 


Photographing from an open bedroom 
window will provide a skyline of rooftops in 
semi-silhouette, a fitting setting for the subject. 
If there are distant spires or trees, etc., which 
can be included, so much the better. 

The wider the aperture of the lens, the more 
the details of the scene are reproduced. It is 
generally an advantage for the picture to show 
something of the landscape and clouds, for 
which reason it is advisable to use an aperture 
of about / 6'3 on medium or fast pan films, 
although a very much smaller stop wili 
reproduce the lightning. In principle, however, 
most of the scene will appear as a silhouette, 
so the camera should be pointed at something 
which has a characteristic outline. 


LIGHT SOURCES 


The sun and the moon are the only natural 
light sources normally employed by the photo- 
grapher. Moonlight itself is of little practical 
value as a light source, and is only of use for 
special effects. The sun is, for general photo- 
graphy, the most important and widely used of 
all light sources. 

The sun is not considered in this survey of 
light sources since the technical considerations 
of natural light are sufficiently vast to be dealt 
with elsewhere, separately, in a number of 
different contexts. Since the sun is also the only 
useful natural light source, no alternative 
choice of lighting can be considered. 

Apart from the sun (and sometimes the 
moon) the other light sources the photographer 
has available are those created artificially by 
electricity or combustion. Electric light sources 
are usually the more convenient to use, al- 
though at times non-electric sources of lighting 
may be necessary or offer some special advant- 
age. 

ELECTRIC 

Five main types of electric light source are 
used to provide photographic lighting: tung- 
sten filament, arc, vapour discharge, fluores- 
cent and flash discharge. Although flash bulbs 
are fired by an electric current, the light they 
give out is produced by combustion of a 
magnesium mixture in the form of foil, wire, 


or paste, so they do not rank as normal electric 
light sources. 

The principal variables in electric light 
sources are: consumption (measured in watts), 
total light output (measured in lumens), 
efficiency (measured in lumens per watt), 
colour temperature (measured in Kelvin 
degrees) and life (measured in hours). 

Tungsten Filament. The light emitted by a 
tungsten filament lamp is produced by passing 
an electric current through a tungsten filament 
enclosed in a glass envelope (usually filled with 
an inert gas). The wire is heated to incan- 
descence by the passage of the current. Light 
output and colour temperature depend upon 
the design of the filament and the applied 
voltage. Several types are used in photography. 

First there is the ordinary domestic lamp 
normally supplied with a bayonet cap and a 
frosted or pearl bulb in powers up to 1 50 watts. 
Filament lamps of higher power are supplied 
with screw caps and the glass envelope is 
normally too large for domestic fittings. 

Then there are abnormally bright lamps of 
the domestic type in which the extra light is 
obtained by over-running the filament — i.e., by 
applying the usual domestic supply voltage to a 
filament which would normally be run on a 
lower voltage. The result is a lamp that gives an 
abnormally bright light but has an abnormally 
short life. These lamps vary in performance 
and life according to the degree of overloading. 
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The third type of filament lamp is designed 
for use in projectors and spotlights. In such 
lamps the filaments are designed to conform to 
the optical requirements of the projection 
system and may be bunched to provide an 
approximate point source, or spread out to 
give a flat, uniformly bright grid. Size, con- 
sumption, output and method of connecting 
vary widely according to the type of equipment 
in which they are used. 

Filament lamps are suitable for both A.C. 
and D.C. supplies. 

Arc. There are several types of arc lamp, the 
light in all cases being produced by the passage 
of an electric current across a gap between two 
electrodes. 

The commonest type is the carbon arc lamp, 
with electrodes made of carbon which may be 
either open to the air (open type) or almost 
completely enclosed in a glass globe (enclosed 
type). The carbon electrodes may be of plain 
carbon run at a low current density (low 
intensity arc) or cored with certain metallic 
salts and run at a high current density (high 
intensity arc). Carbon arcs are used in spot- 
lights, floodlights, and particularly for film 
studio lighting where the near-daylight colour 
temperature of the high intensity arc is wel- 
come. 

There are both D.C. and A.C. carbon arcs. 

Another type of light source based on the arc 
principle is the concentrated source in which 
the current passes across the gap between two 
metallic beads enclosed in a glass bulb con- 
taining mercury vapour. In a third type the 
arc takes place in an argon-filled bulb and the 
light is emitted by a coating of molten zir- 
conium on one of the electrodes. These point 
sources are highly efficient and are used in 
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certain types of projector and in scientific 
optical equipment. They are manufactured 
for both A.C. and D.C. supplies. 

Vapour Discharge. Vapour discharge lamps are 
based on the fact that an electric current passed 
through certain gases at reduced pressure 
causes them to emit light. The wavelength of 
the light emitted depends on the nature of the 
gas.andthe light is produced by a phenomenon 
known as resonance vibration which is not 
necessarily accompanied by the generation of 
any considerable amount of heat (as occurs in 
filament and arc lamps). 

The basic lamp of this type is the Cooper- 
Hewitt mercury vapour lamp, usually con- 
sisting of an evacuated glass tube (up to 6 feet 
long) with an electrode at each end and a small 
amount of mercury to supply the vapour. 
These lamps give an intense blue-violet light 
which is very actinic to blue-sensitive emulsions 
and is particularly suitable for blockmaking 
and for printing on document materials. 

There are also medium and high pressure 
versions of this type of lamp. These tend to 
have a higher efficiency and are much smaller 
than the low pressure Cooper-Hewitt type. 

The design of high pressure mercury vapour 
lamps varies widely; they are used in many 
fields of photography from small projector 
lamps and spotlights to high power film studio 
spots and floods. As the light frequencies 
generated are restricted to one or two sharply 
defined bands, they are useless for colour 
photography. The physical characteristics, 
contacts and supply requirements of such 
lights vary as widely as the applications. 

In addition to mercury, other substances, 
notably sodium, are used in vapour discharge. 
Sodium lamps are familiar as the bright orange 


ELECTRIC LIGHT SOURCES COMPARED 


Light Source 

Watts 

Consumption, 
up to 

Total Light 
Output in Lumens, 
up to 

Efficiency, 
Lumens per 
Watt 

Colour 

Temperature 

°K 

Average Life 
(Hours) 

Filament 

Domestic type 

150 

2,000 

13 

2,600-2,000 

1,000 

Over-run 

500 

16,000 

36 

3,100-3,200 

2-6 

Over-run for colour photo- 

graphy 

S.000 

180,000 

36 

3,400 

10 

Projection ... 

1,000 

27,000 

27 

3,100 

50 

Arc 

Low intensity 

2,000 

30,000 

15 

2,700- 3,000 

— 

High intensity 

14,000 

420,000 

30 

5,400-6,400 

— 

Concentrated 

250 

10,000 

45 

3,400 

— 

Mercury and other Vapour Discharge 

Cooper-Hewitt 266 

6.S00 

24 

5 bands, 
3.650A. 

1,000 

Medium pressure (A atmos.) 

240 

I0.S00 

43 

to 

5,791 A. 
Similar to 
Cooper-Hewitt 

or 

longer 

High pressure (75 atmos.) 

1,000 

65,000 

65 

but with inclusion 


Sodium 

140 

10,000 

70 

of some red rays 

2,500 

Fluorescent ... 

125 

5,750 

46 

3,700-4,000 

1,000 


No comparative figures are possible with flash. 


E. — Y 
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PRINCIPAL NON-ELECTRIC LIGHT SOURCES 


street lamps but they may also be used as 
photographic lighting. Other gases, such as 
neon, give light which has applications in 
fields like advertising display, but is not used in 
photography. 

Fluorescent. Fluorescent light is simply a 
development of the vapour discharge principle. 
The fluorescent lamp is a vapour (generally 
mercury) discharge lamp coated with a sub- 
stance that fluoresces under the action of the 
rays emitted by the vapour. The lamp is mostly 
manufactured in the form of a tube with a 
contact cap — usually bi-pin, bayonet or raised 
contact — at each end. The colour temperature 
of the light depends on the nature of the coating 
materials; most manufacturers list three 
colours — natural, daylight, and warm-white. A 
special colour-matching shade is also available. 
Flash Discharge. Electronic flash tubes are 
another special application of the vapour dis- 
charge principle. The tube in this case is 
normally only a few inches in length and it is 
filled with a mixture of rare gases — e.g., argon, 
krypton or xenon. The discharge is of extremely 
short duration and the energy dissipated is 
correspondingly high; the result is a brilliant 
flash of light. The energy is provided by building 
up a charge of electricity in a condenser con- 
nected across the terminals of a main supply or 
a suitable battery. Some tubes are designed to 
flash as soon as the voltage is applied; others 
are permanently connected across the supply 
terminals and flashed by applying a “trigger- 
ing” voltage. 

The brilliance of the flash depends on the 
type of tube and the quantity of electricity 
discharged through it from the condenser. The 
output is measured in watt-seconds or joules 
and may range from less than fifty to many 
thousands. 

As the light is cold, intensely bright, and 
almost identical in colour temperature with 
daylight, it is widely used for flash photography, 
not only of moving subjects, but even for 
serious portraiture, copying, photomicro- 
graphy, underwater photography and medical 
and dental photography. F.P. 

NON-ELECTRIC 

Non-electric artificial light sources are used 
in photography either because no electricity 
supply is available, or because of their special 
characteristics. 

In the first case they can serve to illuminate 
the negative in an enlarger, the slide in a pro- 
jector, the subject to be photographed, or 
they can be used as the light source in contact 
printing. In the second case they may be used 
because of certain technical advantages they 
possess. 

Any artificial light source can be used for 
photography providing sufficient exposure is 
given. Most non-electric sources are incon- 
venient, however, and in practice the photo- 


Source Main Application Equivalent Electric 

Lamp Wattage 
(Panchromatic 
Material) 


Gas: 

No. I Mantle 
No. 2 Mantle 
No. 3 Mantle 
No. 4 Mantle 
Acetylene: 

3-jet burner 


Oil: 

Wick 


Incandescent 

Pressure 

Candle 


General 25 1 

(studio lighting; 40 1 

enlarging; 50 1 

projection) 75 1 


Enlarging and 
projection 


About 200 
Depends upon jet 
size and gas pres- 
sure* 


Photomicro- J-in. wick — 4, l-in. 

graph/ wick 10, large 

circular wick — up 
to 40* 


General 60 

General 150-200 

Special effects; I" 

calibration of 
photometer expo- 
sure meter 


Magnesium ribbon Still-life; contact 250 
printing; night 
photography 

Flash bulbs Night photo- Depends on bulb 

graph/; illumina- size. Average over 
tion of shadow duration of flash — 
areas in sunlight, 30-200 kilowatts 
etc. 


Wanes with make and age of mantle. 

‘About two-thirds of the wattage of electric lamp giving 
same visual illumination. 

■Very deficient in blue. 

grapher who has no electricity available only 
reverts to gas or pressure oil-lamps, or one of 
the other sources described below, because 
of their occasional usefulness. 

Gas. By this is generally meant coal-gas, con- 
sisting almost entirely of a mixture of hydrogen, 
methane and carbon monoxide, all of which 
bum with a bluish non-luminous flame. To 
obtain a good light the gas flame is made to 
heat a fragile fabric of metallic oxides (mainly 
thoria). This “mantle” is heated to incandes- 
cence and gives out a light approaching that of 
an electric lamp. The amount of light given out 
depends upon the size of the mantle, its com- 
position and age, and on the gas supply. 

A mixture of butane and propane is sold in 
cylinders for isolated houses, caravans, etc., 
and it behaves very much like coal-gas. 
Acetylene. This is a gas unlike coal-gas in that 
it gives a brilliant light when burnt as a simple 
jet without the need of a mantle. Acetylene is 
normally generated by dripping water on to 
calcium carbide in a specially designed con- 
tainer and hence is a useful illuminant for 
portable lamps. It is little used nowadays, but 
some country houses have been piped for its 
use. The arrangement for enlargers or pro- 
jectors generally comprises three jets formed as 
a unit. Mixed with oxygen, acetylene gives an 
intensely hot jet which was used to heat a 
block of lime to produce genuine lime-light. 
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This brilliant but temperamental light source 
was at one time popular in “magic lanterns” 
and for theatre stage spotlighting. It went out 
of favour when the more convenient electric 
arcs and filament lamps were introduced. 
Oil-lamps. These take three forms: simple 
wick, incandescent, pressure. 

The first utilizes a wick up which oil is 
drawn by capillary attraction and is vaporized 
by the heat of the flame. Carbon particles 
(“soot”) rising from the wick in the updraught 
separate out by breakdown of the hydrocarbon 
(oil) and are then rendered incandescent — 
thereby providing the light source. This source 
is extremely deficient in blue. 

The second type is designed to mix enough 
air with the oil vapour to give complete com- 
bustion. The flame is hotter, but no longer 
luminous. It has a mantle added and this 
becomes incandescent in the heat of burning oil 
vapour in a similar manner to the gas mantle. 

The third type also utilizes a mantle but it is 
heated by gas formed from oil vapour passing 
through tubes preheated by the heat from the 
mantle flame and under pressure obtained by 
manual operation of an air-pump attached to 
the oil reservoir. In principle it is the familiar 
blow-lamp with the addition of a mantle. 
Candle. The candle, once burning has started, 
functions like a small wick-type oil-lamp. The 
paraffin wax of which it is composed melts 
and the liquid is drawn up the wick to bum 
with separation of carbon which glows and 
gives out light. 

Magnesium. This is a metal which is rather 
difficult to light due to a thin tough coating of 
oxide which forms on it when stored, but once 
lit it bums with a great heat and vivid blue- 
white flame more akin to the light given by a 
Photoflood than by a normal electric lamp. 
A cloud of dense white smoke (magnesium 
oxide) is produced ; this is harmless but messy. 
There are also various formulae for flash 
powders which incorporate powdered mag- 
nesium and other chemicals. 

All the above sources require oxygen to 
function and adequate ventilation must be 
provided both to supply the needs of the source 
and to remove fumes. 

Flash bulbs. Although these are fired electri- 
cally, they can be classified as non-electric 
light sources because the flash is caused by 
combustion. The mechanics and technique of 
flash are, however, a normal aspect of photo- 
graphy. 

APPLICATIONS OF NON-ELECTRIC SOURCES 

Many of the non-electric light sources can 
be used in photography, and in specialized 
cases may be preferable. 

Contact Printing and Projection. Contact 
printing may very conveniently be carried out 
by household incandescent oil-lamps, gaslight 
or any of the other sources listed above. The 
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use of such sources presents no particular 
problems in contact printing; gaslight papers, 
now better known as contact papers, were so 
named because gaslight was the commonest 
printing light at one time. 

With one or two exceptions, vertical en- 
largers are made for use with electric light 
only and cannot be adapted very easily for 
non-electric sources. Horizontal enlargers are 
easily adapted. Most models of this latter type 
have a roomy lamphouse sufficiently well 
ventilated to take illuminants such as incan- 
descent gas, a pressure oil lamp, or an acety- 
lene burner. A diffuser of ground glass or 
flashed opal must be inserted between the light 
source and the condenser. This prevents an 
image of the source from appearing in the print 
and avoids the need for adjusting the position 
of the light each time the degree of magnifica- 
tion is altered. 

A horizontal enlarger of this design may also 
be used for projecting slides. The diffuser can 
with advantage be omitted in this case as the 
human eye is not very critical of uneven illu- 
mination and the degree of magnification is not 
so frequently changed. The light source is 
adjusted by first roughly focusing the projected 
image, next removing the slide and centralizing 
the light, and finally moving the source back- 
wards or forwards to give even illumination. 

A special projector for miniature slides and 
film strips is made by at least one manufacturer. 
Two models are available to take, respectively, 
one of two well-known pressure oil-lamps. 
The lamp is instantly removable when required 
for ordinary lighting purposes. 

Subject Lighting. When taking photographs 
by the light from non-electric sources, exposure 
is the major problem. Photo-electric exposure 
meters can be relied upon when using pan- 
chromatic material — if the lighting is strong 
enough to produce a reading. Quite often, 
though, even the incident light method of taking 
a reading will not give a satisfactory indication, 
or the lighting may be so unevenly distributed 
that the reading of an integrating meter is 
meaningless. The correct exposure must then 
be found experimentally. Initial experiments 
should be made with fast panchromatic film. 
Orthochromatic material will call for a longer 
exposure and in addition, the correct exposure 
will be greater than the normal speed rating 
would suggest owing to the low colour tem- 
perature of the light sources. (A candle or wick 
type oil-lamp, for example, has a colour tem- 
perature of about 1800° K compared with 
2900° K of an average electric lamp, or 3400° K 
of a Photoflood.) Orthochromatic material 
should be given at least four times the exposure 
for panchromatic material of the same speed 
rating to compensate for the deficiency in blue 
light. 

With coal-gas lighting, the usual exposure 
calculating tables may be used. A single burner 
fitted with a No. 1 (bijou) mantle is equivalent 
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to a 25 watt electric lamp; a No. 2 (medium) 
mantle should be rated as 40 watts and a No. 3 
mantle as 50 watts. 

Exposures using incandescent oil-lamps may 
be similarly calculated on the basis of 60 watts 
per lamp, or for the more powerful pressure 
type, 150-200 watts. 

Magnesium ribbon bums with a very actinic 
light and two pieces about four inches long, 
burning at 6-8 feet from the subject in an 
average size room, enable / 8 to be used for the 
approximate burning time of i second. 

Owing to the relative inflexibility of non- 
electric lighting systems, advantage should be 
taken of reflectors. A large mirror or white 
sheet can supply, in effect, a second light 
source. Reflector fittings such as are used for 
electric lighting cannot readily be contrived, 
but mirrors hung or stood behind the source 
can increase the useful illumination on the 
subject. 

Street Lighting. Much street lighting is still 
provided by incandescent gaslight, but even 
within the circle of light cast by the lamp, 
exposures of 10 seconds at / 2-8 (five minutes 
with a box camera) will be required. Lamp- 
posts in narrow streets and alleys can make 
good night pictures, especially if a figure is 
included and there is a wet pavement to add 
interesting reflections. To obtain an adequate 
outline of the surrounding walls an exposure 
of one minute at /2-8 will be necessary. Anti- 
halo films or backed plates are essential, and a 
lens hood must be used to exclude all unwanted 
direct lights. A coated lens is a definite advant- 
age. If the photographer can look down on 
such an alley, the top shade of the lamp will 
screen the light source and reduce flare and 
halation. 

Equally interesting pictures can be taken with 
relatively short exposures by using the twilight 
to illuminate the shadows. For example, an 
effective picture of a lamp-lighter adjusting a 
lamp could be obtained at dusk with £ second 
exposure at /2-8. Alternatively flashlight may 
be used to help out the street lighting so long 
as it is relatively subdued and does not betray 
itself by producing additional shadows of its 
own. 

Firelight. A group sitting near a camp fire may 
be photographed by the light of the fire using a 
short time exposure. The size of fire, its rate of 
burning and the distance of the group from it 
may all vary so widely that it is impossible to 
suggest exposure times; but as there is no 
exact criterion for the amount of detail re- 
quired, the exposure is not critical. It is best 
not to include the flames in the picture, al- 
though a much smaller fire arranged nearer the 
group may be safely included. With a ring of 
people around a bonfire, a very effective 
picture can be obtained by throwing a little 
flash powder — wrapped up in paper — into the 
fire. The camera should be shielded from the 
direct flash by the people around the fire. 


Weak Light Sources. Matches, candles, etc., 
can be used successfully in making a pic- 
ture, but the occasions when they constitute 
the only source of photographic lighting are 
rare. With one candle at 15 ins. from a person’s 
face, and a second at 3 feet distance, an 
exposure of 20 seconds at / 2-8 is ample. And 
since the intensity of light varies inversely 
with the square of its distance from the source, 
the exposure may be shortened by bringing the 
light closer to the subjects. With two candles at 
about 12 ins. f rom the subject, a well-exposed 
negative can be obtained in 1 second at / 2-8 
(30 seconds with a box camera). Screens must 
be used if the candles are not to appear in the 
picture; if included, they must be close to 
the subject or they will appear unnaturally 
bright by comparison with the illumination of 
the subject. 

A lighted match held at the end of a cigarette 
will light the face characteristically and produce 
an interesting portrait. The match should be 
struck upwards and the camera shutter opened 
immediately the match is at the cigarette end 
and while the actual head is still burning. Both 
the subject and the camera must be kept steady 
while the match head flares up; the shutter 
should then be closed. An aperture of /4-5 
should be used with a fast panchromatic film. 

An excellent detailed picture of an ordinary 
open type fireplace may be obtained by the 
light of the burning coals in about half an 
hourat/3-5. 

Infra-red. Infra-red radiation for photography 
is normally obtained electrically, but, using 
special infra-red film, pictures can be taken in 
the dark by the “light” from a hot stove or 
even a couple of hot flat-irons. As lenses are 
not normally corrected for infra-red, the 
change in focus must be borne in mind. Some 
cameras have an auxiliary focusing index for 
infra-red work. An approximation may be 
found by focusing visually on a ground-glass 
screen with a tri-colour red filter over the lens, 
or the lens may be moved forward about 
1/250 of its focal length. 

Specialized Uses. Certain non-electric light 
sources are valuable in their own right for 
technical reasons. The modem wax candle and 
nightlight are very consistent and steady in 
their light output, and one make of photo- 
meter exposure meter is intended to be cali- 
brated against such a source. Another valuable 
source is the wick type oil-lamp which finds 
wide application in photomicrography of fine 
detail. Its steady flame is virtually structureless 
and can be focused in the plane of the micro- 
scope slide without contributing extraneous 
detail to the final image. R.E. 

See also: Carbon arc lamp; Colour temperature; Day- 
light; Discharge lamps; Filament lamps; Flash bulbs; 
Flash ( electronic ); Flash powder; Fluorescent lamp; Lamp 
caps and fittings; Light units; Moonlight; l^eon lamp; 
Point source lamp; Zirconium lamp. 

Book: Photographic Illumination , by R. H. Cricks 

(London). 
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Although camera owners are often advised to 
have the light coming from behind or from 
one side of them, many effective pictures can 
be secured by deliberately including the light 
source in the photograph. 

With the camera in this position, however, 
the full strength of the light will be falling on 
the lens. Special care is therefore called for to 
avoid diffusion, fogging and flare in camera and 
lens; and special exposure and processing 
techniques are required. 

Avoiding Reflections. The internal condition of 
the camera is important. All metal parts and 
also the surfaces of fabric bellows should be 
totally non-reflecting. This is true for general 
photography, of course, but when shooting 
directly into the light there must be absolutely 
no possibility of internal reflections degrading 
the negative. Similar attention should be given 
to the lens mount and to the interior of the 
lens hood, both the often unsuspected cause of 
veiled negatives. 

Cleanliness of the lens is also of prime im- 
portance. The slightest deposit of dust on any 
of the surfaces will result in veiled negatives. 
There will also be the risk that a brilliant source 
of light will introduce reflections between the 
components of a lens and cause circular flare 
patches to appear in the negative. In addition, 
fogging can be caused by light scattered within 
a lens. To a certain extent, and depending 
upon the design of the lens, use of a coated 
optical system will help to prevent such troubles. 

A lens hood should always be used for 
taking photographs into the light. It may at 
first seem incongruous to try and shield the 
lens from a light source that is intentionally 
pointed at the lens; there is, nevertheless, the 
possibility of reflections arising from surfaces 
outside the picture area. Indoors, these may 
well come from mirrors or the glass of framed 
pictures. Even the highly polished surface of a 
door or table top can reflect sufficient light 
into the lens to reduce the brilliance of a nega- 
tive. Out of doors, reflections may come from 
shop windows, car bodies and windscreens 
and from puddles. 

Reducing Contrast. With, the light source 
occupying a prominent position in the picture, 
other parts of the subject will be in shadow 
and this excessive contrast is perhaps the great- 
est danger with this form of photography. The 
ideal method of overcoming this hazard is by 
using a shadowless fill-in floodlight to bring the 
level of the general illumination up to the 
required brilliance. Note the accent on shadow- 
less. This is important because in practically 
all pictures in which a light source is included 
the effect desired is for this to be accepted as 
the only light. For example, a still-life subject 
of a book, spectacles and oil lamp or a candle 
would be entirely ruined if the appearance of 
shadows made it obvious that the scene was lit. 


not by the candle or reading lamp, but by 
studio type floodlighting; the effect would at 
once be artificial. 

For all indoor photographs in which table 
lamps, candles, matches are included, it is a 
simple matter to provide this over-all fill-in 
illumination with either diffused flash or 
diffused floodlight. An effective method of 
doing this is by turning the reflector towards 
the ceiling. When working out of doors the 
prevailing conditions have to be accepted and 
steps should be taken to reduce the excessive 
contrast by employing a modified form of pro- 
cessing. It is also possible to secure softer 
negatives by exposing at dusk. 

Exposure. As with all forms of photography, 
calculation of the exposure is of the greatest 
importance. It is obvious, however, that in this 
case normal methods of estimating exposure 
cannot be employed. If, for example, the 
exposure were to be calculated from the 
brilliance of the light source the surroundings 
would be considerably under-exposed; con- 
versely, if the rule “expose for the shadows” 
were obeyed, then the light source would be 
hopelessly over-exposed. Therefore, it is 
necessary to strike a balance between the two 
extremes that will produce the desired result, 
bearing in mind that in this instance it is the 
light source that is the main point of interest. 

Although for street scenes at night the fastest 
film should be used, for still-life sets indoors it 
is advisable to employ a medium speed plate 
or film. This is because the slower emulsion is 
likely to give a more evenly balanced result 
with detail at both ends of the scale than super- 
speed emulsions. 

Processing. With high contrast being the chief 
feature of against-the-light photography, pro- 
cessing must be controlled to avoid increasing 
this contrast further with the resultant loss of 
detail. A good negative of a candle picture — or 
for that matter any photograph in which a 
light source is deliberately made the centre of 
attraction — should show detail in all areas, 
even in the flame or lamp filament. Generally, 
it is sufficient if the normal developer is used 
but with the time of immersion reduced to 
about two-thirds of that usually given. For 
some subjects, however, it may be necessary 
to resort to a soft working developer. 

The Sun. The sun itself can be included in the 
field of view when it is suitably filtered through 
thick mist or fog. If using an integrating expo- 
sure meter, take one reading facing the sun and 
another away from it; then choose a compro- 
mise exposure so as to obtain any detail 
desired in the darker parts of the picture. 

In bright weather fine pictorial effects are 
obtained by photographing the reflection of the 
sun as seen on a sheet of water. Contrasts here 
will be high, and shadow detail will probably 
have to be sacrificed. 
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Sunsets are not difficult to photograph pro- 
vided care is taken to expose while the sun is 
partially veiled by cloud. Best results are 
obtained when there is plenty of thin cloud 
and during the last thirty minutes before the 
sun actually sets. Using fast panchromatic 
film and no filter, an exposure of 1/100 second 
at / 16 or /22 should produce a satisfactory 
result, but it is impossible to give a definite 
figure because the intensity of the light is 
constantly changing. If a meter reading is 
taken this can usually be halved. 

A suggested exposure for colour film is 1 / 20 
second at / 4-5. The ideal method of working is 
to make three test exposures at three different 
apertures. A useful range would be 1 /20 
second at/3-5, /5-6 and/ll. 

The Moon and Moonlight. With a cloudless sky, 
a full moon can be included in the picture with 
an exposure of about 1 second at f 2 using 
the fastest panchromatic film. Best results are 
secured when overlooking water so that the 
path of reflected light can be included. 

Landscapes can be taken by moonlight, 
but in this case the moon itself should not 
appear in the picture because the long exposure 
necessary would show it as a blur owing to the 
relative movement of moon and earth. On a 
clear night with a full moon an exposure of 
20 minutes at / 4-5 on fast panchromatic film 
should secure detail in all but the darkest 
objects. The movement of the moon and the 
long exposure make it impossible to render 
sharply defined shadows. 

To photograph the moon itself a telephoto 
lens is necessary because with a lens of normal 
focal length the image will be extremely small. 
Exposures for a full moon in a cloudless sky, 
on the fastest panchromatic film, range from 
1/5 second at / 3-5. Long exposures are im- 
practicable because the moon then appears in 
the negative as an elongated blur of light. 
Interiors. The pictorial effect of interiors is 
often enhanced when part or all of the normal 
room lighting is included in the field of view. 
This lighting often takes the form of a shaded 
standard or table lamp. If the domestic bulb 
is used in the lamp, the general level of room 
lighting will have to be low, otherwise the 
contrasts will be insufficient and the effect will 
be lost. The alternative solution is to replace 
the ordinary bulb by a Photoflood, keeping the 
over-all room lighting at a moderate level. 

Assuming the light source to be included in 
the picture is shaded, contrast should not be 
excessive; but it is advisable to take exposure 
meter readings on the light source (as it will 
appear in the picture) and the main subject 
area, choosing an exposure that will ensure 
that the former is not “burnt out” while 
sufficient detail is retained in the latter. 

Fires and Firelight. Effective photographs can 
be secured of groups around the fire. These 
are of two types: those showing the actual 
flames and those showing the effect of firelight. 


To include the flames in the picture, a large 
aperture lens is necessary and with fast pan- 
chromatic film exposures need to be about 
i second at/3-5 with one Photoflood directed 
at the ceiling to provide over-all diffused illu- 
mination. 

The effect of firelight can be simulated by 
placing a floodlamp in the fireplace and com- 
bining this with general illumination as above. 
In this case exposures can be much shorter — 
about 1/20 second at / 4-5 — or alternatively, 
flash bulbs can be used: one in the fireplace 
and one aimed at the ceiling, if the fireplace 
appears in the picture, a person or piece of 
furniture should be placed between the lamp 
and the camera to prevent the direct rays of 
the light from reaching the lens. Processing 
should be controlled to avoid excessive con- 
trast. 

Candles and Matches. Excellent photographs 
can be made of lighted candles as, for instance, 
on a Christmas or birthday cake, at /4-5 on 
fast panchromatic film with an exposure of 
1 / 2 second. To avoid movement of the flame the 
subject should be well screened from draughts 
and no movements made in the room imme- 
diately before exposing. 

Because modern plates and films have an 
anti-halation coating on the back to prevent 
the spreading out of brilliant lights in the 
image, it is almost impossible to secure the 
attractive glowing halo as pictured by artists. 
To record this halo unbacked plates should be 
used. For a picture of a man lighting a pipe 
with a match an exposure of about 1/5 second 
at / 3-5 with fast panchromatic film should 
secure detail in the flame and in the face. 

The suggested exposures given above are for 
use when candles or matches form the sole 
light source. A useful reduction of contrast, 
without loss of realism, can be obtained by 
using diffused fill-in illumination, but this 
must be shadowless. 

An alternative method, of particular benefit 
to those who do not possess wide-aperture 
lenses, is to use concentrated artificial light, 
e.g., a Photoflood in reflector, or small spot, 
so placed as to shine from the same direction 
as the candles or matches. Exposures can then 
of course be much shorter, or smaller aper- 
tures can be used. 

Fireworks. Any camera from humble box to 
expensive miniature can be used for photo- 
graphing fireworks. All that is necessary is to 
have the camera on a firm support and to point 
it at the part of the sky where rockets are 
bursting and to keep the shutter open while 
the show lasts. The more bursts included on one 
film the more effective will be the result. A fast 
panchromatic film should be used. Catherine 
wheels and roman candle type fireworks make 
attractive pictures if the shutter is left open for 
about five seconds. When long exposures are 
given care should be taken to avoid including 
people in the foreground. 
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Street Scenes at Night A large aperture lens is 
essential for photographing street scenes at 
night to allow a short exposure to be given 
which will stop movement. A brilliant subject 
like Piccadilly Circus can be recorded with an 
exposure of 1/20 second at /3-5 on fast pan- 
chromatic film. For less brilliant scenes a short 
time exposure can be given with the camera on a 
rigid support, but the lens should be covered 
while cars are passing or their lights will be 
recorded as white lines. Street scenes at night 
after rain make attractive studies. The camera 
should be kept dry and the lens protected from 
raindrops and splashes. A pocket torch is a help 
when setting controls. As long as they keep 
moving pedestrians will not be recorded. 

Street lamps included in the field of view 
will inevitab'y cause halation. With larger 
negative sizes this can be reduced by physical 
abrasion, but a little can safely be left to give 
the impression of a shining source. 

Modern highway illumination often employs 
sodium or mercury lamps. With a rigid tripod 
and the fastest panchromatic film, any type 
of camera may be used. Lamps near the camera 
should be screened from the lens by a tree or 
sign. Exposures range from about 45 seconds 
at / 1 1 for sodium lamps and about 5 seconds 
at /1 1 with mercury lamps. 

IUmnlnated Signs. Almost any camera can be 
used for photographing illuminated signs pro- 
vided a rigid support is used. Flashing signs 
which tell a pictorial story progressively can 
be fully recorded only by keeping the shutter 
open for one complete sequence. Moving 
traffic and pedestrians cannot therefore be in- 
cluded. On the fastest panchromatic film 
exposures range from about 1/50 second at 

n-s. 

Double Exposure. When the actual un- 
shielded source of light is to appear in the 
picture it will be much brighter than the scene 
it illuminates. So the problem is to give an 
exposure that will be sufficient for the detail 
in the scene, but not too much for the light 
source. The lighting contrast is usually much 
greater than the latitude of the emulsion, so it 
is not possible to give a single exposure that 
will include both the source and the rest of the 
subject. But it is often possible to solve the 
problem by giving two exposures, a short one 
for the source and a longer one for the sur- 
roundings. The source is shielded or moved 
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just outside the picture area for the second 
exposure. 

In a picture including a lighted candle the 
camera is set up on a tripod and the first expo- 
sure is made with the candle lighted. For this, 
a time of 1/25 second at / 5-6 on fast pan- 
chromatic film may be about right. The candle 
is then blown out and the subject is lit by a 
diffused even lighting that casts no definite 
shadows. The second exposure is then given to 
register the details of the rest of the scene. This 
exposure will vary according to the strength 
of the lighting. 

The same principle can be applied to out- 
door scenes including street lamps or other 
forms of public lighting. In this case the camera 
is set up on the tripod in daylight. Some time 
before the lamps are switched on, and while 
there is still some daylight remaining, the 
first exposure is given. This must be long 
enough to register a fairly thin image of the 
scene. The shutter is then closed and the 
camera left in the same position until after 
dark. A short exposure is then given with the 
lights switched on and the resulting negative 
shows the lights and just enough detail in the 
scene to complete the picture. 

The moon calls for special treatment. If a 
moonlit scene is given a long enough exposure 
to show the landscape, the moon, because of 
its movement in relation to the earth, appears 
as an elongated patch of white paper. The 
answer is to give an initial exposure long 
enough to record the details of the landscape, 
arranging the picture so that the moon is just 
off the edge throughout. At the end of the first 
exposure, a mark is made on the focusing 
screen where the moon is to appear. The camera 
is then moved so that the image of the moon 
coincides with the mark, and the second 
exposure is given. This is just long enough to 
record the image of the moon without blur. The 
position chosen for the image in the picture 
should be reasonably close to the actual posi- 
tion of the moon during the first exposure or 
the shadows will appear unnatural. And as the 
moon always looks unnaturally small in a 
photograph, it is an advantage if the image can 
be recorded with a 2 x or 3 x telephoto lens 
while the landscape is photographed with a 
normal lens. J.B1. 

See also: Fireworks; Flare; Ghost; Halation; Irradia- 
tion; Light sources; Moonlight; Shop windows. 


LIGHT SUPPORTS. Fixed lamps are used 
only in some commercial portrait studios where 
every subject is taken with the same basic 
lighting. Most other branches of photography 
call for some form of mobile, adjustable lamp 
support. 

Designs vary considerably, especially on the 
matter of adjustable joints for reflectors. 
However, most supports can be classified as 


follows: clamp holders, collapsible stands, 
heavy duty stands, booms, and ceiling fittings. 
Clamp Holders. The clamp-on type of lamp 
support is particularly convenient for the 
amateur worker. It is simply a bulb-holder and 
reflector fitted to a powerful spring clamp with 
jaws that can be opened with a scissors action 
and clamped on to any convenient object — 
e.g., the seat or back of a chair, the edge of a 
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table, a book shelf or curtain rail. A clamp of 
this sort provides a cheap substitute for an 
adjustable stand; it takes up less room and is 
often more rigid. 

Collapsible Stands. The simplest support is a 
small metal base with a stem to which the lamp 
reflector is attached by a universal joint that 
can be clamped by a butterfly nut to hold the 
reflector at any desired angle; alternatively, 
a swan-neck tubing may be used. This type of 
support has little or no adjustment for height, 
but it can be placed on the floor, a chair, a 
table, or even hooked on to the picture rail. 

For regular use the reflector and adjustable 
clamp are obtainable mounted on a telescopic 
tube with a collapsible tripod stand. This type 
of unit gives height adjustment from about 
three to eight feet from the ground. Such 
supports are steady enough for Photoflood 
bulbs in light aluminium reflectors. 

Heavy Duty Stands. Stands to hold high power 
studio lights and Spotlights need to be of 
heavier calibre than the collapsible stand. The 
base is a substantial cast ring or spider mounted 
on heavy duty castors and broad enough to 
prevent the unit from being accidentally pushed 
over even when f ully extended. 

With the exception of lightweight collap- 
sible stands for single Photoflood bulbs, most 
studio lighting stands are mounted on wheels 
which allow the lamps to be easily pushed into 


position or cleared out of the way when they 
are not wanted. 

Booms. It is not always convenient to have the 
light vertically over the base of the support. 
This is avoided by using a cross-arm or boom, 
clamped to the centre pillar of the support and 
holding a lamp and reflector unit at the end ; 
the other end is usually counterbalanced. The 
boom enables the lamp to be brought close up 
to the subject or even over it, while the stand 
itself can be kept out of the way. 

Ceiling Fittings. The ceiling provides a con- 
venient support for fixed-position lighting units. 
In commercial and portrait studios it is cus- 
tomary to suspend banks of floodlights from 
the ceiling for providing general illumination 
of the subject area. The whole bank may be 
controlled by a dimmer or by switching some of 
the lamps off, and the assembly may be counter- 
weighted to allow it to be raised and lowered. 
Ceiling units have the merit of eliminating 
stands and trailing cables and the disadvantage 
of being fixed. 

One type of lamp support makes use of the 
ceiling to hold the stand firm. The column of 
the stand has a circular pad at the top and 
bottom and it is simply extended and braced 
between the floor and ceiling with a quick- 
release toggle device. Once the column is fixed 
in position it will support a reasonably heavy 
lamp and reflector without any risk of toppling 



LAMP HOLDERS AND SUPPORTS. Left: Examples of lamp bases. A, clamp-on unit. B, tripod ( used with light telescopic stands). 
C, studio base with ball-bearing casters and movable low-angle bracket. Centre: Methods of lamp adjustment. D, flexible arm ; 
universally adjustable, but not very rigid. E. hanging fitting f or flood lamp. F, pivoted support for spotlamp. G. hinged arm; may be 
clamped at any angle. Right: Range of movement of individual light sources on stands. H, arm on column; provides vertical and 
angular adjustment. I, hinged arm providing lateral adjustment. J, twin unit with sources adjustable in any position to each other. 
K. boom light for top and under lighting; keep the light stand itself well away from the subject. 
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over. This arrangement permits the lamp to be 
held anywhere between floor and ceiling level; 
it can be moved about the studio, and it 
eliminates the usual heavy, space-monopolizing 
stand. F.P. 

See also : Lighting equipment. 

LIGHT TRAP. Opening in a wall or partition 
shaped so that no light rays can pass through 
from one side or the other. 

Rooms. Many darkrooms — particularly in 
busy press offices, commercial photographic 
establishments and hospitals — have light 
trapped entrances so that the staff can pass 
freely in and out while sensitized materials are 
being handled. Windows and ventilation holes 
in the darkroom are also fitted with light traps. 

Light traps for these purposes consist of a 
passage incorporating an angle or bend shaped 
so that all rays of light coming directly from 
the source are blocked by the walls. This does 
not prevent light from leaking around the 
source by repeated reflection from the walls 
of the trap, so it is essential for all surfaces to 
be painted with a dead black paint that will 
prevent light scatter. 

The simplest form of light-trapped darkroom 
entrance is a thick curtain hung right across the 
door. Anyone entering closes the door before 
drawing the curtain to one side and going into 
the room. This arrangement relies on the co- 
operation of the person entering for which 
reason most professional darkrooms have 
permanently baffled or shaped entrances. 
Lamphouses. The ventilation passages in the 
lamphouses of enlargers and projectors are 
light trapped to prevent the light source from 
shining through into the room. 

Lamphouse light traps usually consist of a 
ring of holes in the body of the lamphouse 
masked by a baffle carrying the equivalent 
number of holes placed so that there are no 
direct paths from the source into the room. 


LIG 

Dead black paint on the inner surfaces absorbs 
any reflected light. 

Ventilators. Another kind of light trap, very 
essential in darkrooms, is the ventilator type. 
This must be capable of supplying the room 
with fresh air (and allowing the exit of stale 
air) without admitting any light. 

Generally the ventilator is included in the 
black-out arrangement of the windows — e.g., 
a hole in the black-out is light trapped by 
staggered wooden slats that overlap each other. 
At least one commercial make of window black- 
out incorporates this system. 

Special light-trapped electric fans are also 
made for maintaining fresh air supplies in 
darkrooms. The fans are designed to fit snugly 
into a circular hole in the window black-out. 
Sensitized Material Containers. A different 
type of trap is incorporated in holders for 
sensitized materials — e.g., plate and cut film 
holders, film packs and cassettes. In the 
holders for plates and flat film, there is always 
a slit to accept the dark slide, while in cassettes 
there is a slit through which the film leader 
projects. These slits are sealed by strips of black 
velvet or fabric. 

In time, the light seals on re-usable equip- 
ment tend to lose their resilience and allow 
light to leak past. When — or preferably before 
— this happens, it is easy to strip off the material 
and glue a fresh piece in place of it. 

The velvet light seals on the consumable 
type of film cassette cannot be renewed without 
pulling the case to pieces. These cassettes are 
not, however, intended to be used more than 
once; they are frequently reloaded without 
giving trouble, but the velvet of the light seal 
is apt to pick up dust and grit which may leave 
scratches along the whole length of the emul- 
sion. Reloadable cassettes are designed so that 
when the camera is closed over them the light 
seal springs open and does not rub against the 
surface of the film. 


LIGHT UNITS 


The units used for measuring light may be 
divided into those for measuring its colour or 
wavelength and those for measuring its 
strength or intensity. 

COLOUR AND QUALITY 

The wavelength of electromagnetic radiation 
may be expressed in any convenient units of 
length. Various other units are also used to 
measure colour quality. 

Wavelength. Radio waves are usually measured 
in metres, but for visible radiation (light) the 
metre is much too big a unit so the millionth 
part of a metre is ordinarily employed. This 
unit is called the micron, and is written fi. Even 
this unit is inconveniently large for some pur- 
poses and the thousandth part of it (or millionth 


part of a millimetre) is commonly used. This is 
the millimicron, written m/J.. Another unit ten 
times smaller is also often used. This is named 
after the Swedish physicist Angstrom, and is 
written A. Thus, the wavelength of a certain 
red, for example, may be denoted as 0-6438 /x, 
643 'Smu, or 643 8A. 

Colour Temperature. Pure spectrum colours are 
exceedingly rare in practice, however, and the 
near-white colour of lighting usually encoun- 
tered in photography is more conveniently 
specified in terms of the temperature of a 
perfectly radiating body giving out light which 
matches that under consideration. Colour 
temperature is measured in degrees Kelvin 
which have the same magnitude as degrees 
Centigrade but are based on absolute zero 
( — 273°C.) instead of the melting point of ice. 
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LICHT UNITS. A, luminous intensity or candle power, which is 
th e t amount of light emitted In all directions by a candle made 
to standard specifications. B, light source of one candela. 
C, luminous flux; the unit is the lumen which is the light 
received by a unit area at unit distance from a source of 
I candela. The total emission of this source is thus 12-57 
lumens. D t illumination, which is the luminous flux per unit 
area and is measured in lux (lumens per square metre) or 
lumens per square foot (previously known as foot candles). 
E, reflectivity or reflection factor, which is the proportion of 
the incident light reflected by a surface. F, luminance or 
intensity of light reflected by a surface. Measured in nit 
(candelas per square metre ) or in f oot lambens. A perfect 
diffusely reflecting surface (reflectivity IOO per cent) illu- 
minated by I lumen per square f oat will reflect I foot lambert; 
Illuminated by I lux it reflects I niL 

QUANTITY AND INTENSITY 

Units of quantity and intensity of light 
cannot be put on an absolute physical basis 
because of the psycho-physiological factors 
involved. The units used depend upon the 
conditions under which measurement is being 
considered. 

At different times and in different countries 
various terms and units have arisen which 
have never been satisfactorily nor thoroughly 
standardized. Hence the reader will find con- 
siderable variation of nomenclature in litera- 
ture dealing with light. Preference is here given 
to those terms adopted by the International 
Commission on Illumination, but reference is 
made to other popular or well-established terms. 
The table provided below compares these and 
also some more obscure terms that may be met 
with. (The International Commission on 
Illumination is generally known by the abbre- 
viation C.I.E., for the official French name 
Commission Internationale de l’Eclairage. The 
initials of the translated name I.C.I., commonly 
used in America, are deprecated because they 
conflict with a well-known British trade-mark 
and because the initials of the name translated 
into other languages are different.) 

There are four basic concepts of particular 
interest in photography. These are: the power 
of light sources; the intensity of light falling 
on a subject; the intensity of light reflected 
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from a subject; and total light energy emitted 
or received. 

Direct use is made of these concepts, re- 
spectively, when determining exposure by: 
the use of calculating tables involving lamp 
powers and distances; the incident-light 
method with a photo-electric meter; the 
common reflected-light technique using an 
integrating photo-electric meter, photo-meter, 
or other light meter; the use of flash bulb 
data, and also for test strips and plotting 
characteristic curves. 

Knowledge of light units is not essential 
when making such exposure measurements 
using empirically calibrated meters, and the 
photographer may never need to work out in 
actual figures the relation between lumens, 
foot lamberts, candelas, etc. But a knowledge 
of the basic principles underlying photometric 
units is always of value. 

Power of Light Sources. The international 
standard of light emission was originally based 
on a specified wax candle burning under 
specified conditions. Hence the term candle 
power arose and the unit was called the inter- 
national candle. 

Candela: today, the international unit is 
the candela. It is of such magnitude that the 
luminance of a perfectly radiating body at the 
melting point of platinium is 60 candelas per 
sq. cm. This standard was proposed by the 
United States in 1936 and has now been 
adopted because it can be more accurately 
reproduced than the standards heretofore in 
use (i.e., the wax candle and special lamps). 

Candle power: this is now defined as the light- 
radiating capacity of a source in a given 
direction in terms of the luminous intensity 
expressed in candelas. For all practical pur- 
poses the candela is the same as the interna- 
tional candle, from which it differs by less than 
2 per cent. 

Candle: in the Unites States the use of the 
term candle is being continued and it now 
applies to the new unit as defined above; if 
distinction is necessary the terms new candle 
and old candle are used. 

Luminous flux and lumen: the luminous 
flux or light flow that falls on 1 square foot of 
surface 1 foot away from a point source of 
1 candle power is called the lumen. If a uniform 
point source of 1 candela is placed at the 
centre of a hollow sphere of 1 foot radius 
every square foot of the inside of the sphere — 
and there are 4ir (12-57) of them — will receive 
1 lumen. Thus a uniform source of 1 candela 
emits 1 lumen per unit solid angle and provides 
a total luminous flux of 12-57 lumens. 

Mean spherical candle power: the light- 
giving power of a lamp has been commonly 
expressed in the past in terms of mean spherical 
candle power (M.S.C.P.). This is the average 
value of the luminous intensity in all directions 
and when multiplied by 4 tt (12-57) gives the 
total lumens supplied by the lamp. The average 
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luminous intensity in all horizontal directions 
from a source (mean horizontal candle power 
or M.H.C.P.) is sometimes used when no light is 
radiated over a substantial angle (such as in 
the usual incandescent gaslight fitting) and 
where the M.S.C.P. would not, therefore, give 
a fair representation of the useful luminous 
intensity. 

Efficiency (lumens per watt): the efficiency 
of an electric lamp has been quoted in the past 
in watts per candle power. This is responsible 
for the name “half-watt” being applied to 
tungsten lighting — from the rather optimistic 
estimate of efficiency of i-watt per candle 
power. Actually this efficiency is only attained 
by over-run lamps (such as class A1 projection 
lamps). Lamp efficiency is now expressed in 
lumens per watt. If all the power supplied to 
an electric lamp were converted into white 
light the maximum theoretical efficiency would 
be about 220 lumens per watt. Fluorescent 
lamps have been made to supply up to 70 
lumens per watt. A normal 100 watt lamp has 
an efficiency of 15 lumens per watt, which 
means that only 7 per cent of the energy 
supplied is obtained as light — the remaining 
93 per cent is wasted as heatl Even a Photo- 
flood has only double this efficiency. The 
practical photographer thinking in terms of 
500 watt spots or 2 kilowatt broadsides is 


completely ignoring the many factors that 
intervene between the input of current to his 
lamps and the reception of light by his lens. 
To bridge this gap we must now consider the 
further concepts listed above. 

Intensity of Light Falling on a Subject. A point 
source would cause exactly the same amount of 
light to fall on 1 square foot of surface situated 
at a distance of 1 foot as would fall on 1 square 
metre at a distance of 1 metre. Each subtends 
unit solid angle at the source and if the source 
is of 1 candela each receives a luminous flux of 
1 lumen. But in one case the luminous flux is 
spread over a square foot and in the other it is 
spread over a square metre. Since 1 square 
metre equals 10-764 square feet, the illumina- 
tion in the first case will, therefore, be 10-764 
times that of the latter. 

Lux, lumen/square foot and foot candle: the 
illumination on a surface at 1 metre distant 
from a point source of 1 candela is, of course, 
1 lumen per square metre. This is the inter- 
national unit of illumination and is called the 
lux. The illumination at 1 foot from a source of 
1 candela is 1 lumen per square foot (10-764 
lux) and this is the popular British unit. It was 
previously known as a foot candle. General 
room lighting for reading and writing is 
usually of the order of 5 lumens per square 
foot. 



TERMS OF 1 

LIGHT 1 

MEASUREMENT 


Popular Concept 

Technical Term 

Symbol 

Unit 

Abbreviation 

Colour 

Wavelength 

X 

Micron ( = 10 • m.) 
Millimicron (= 10 4 mm.) 
Angstrom (=» 10“ mm.) 

U 

mji 

A 

Strength of light sources 

'Luminous intensity 
Candle-power 

/ 

'Candela; candle (U.S.A.) 
International candle (obsolete) 

cd; c. 


'Luminous flux 
Pharos 

F ortf> 

•Lumen 

Im. 


Efficiency (of a light source) 

V 

Lumens per watt 
tWatts per candle power 
_ 12-57 

“r§7^ 

Im/w. 

W/C.p. 

Intensity of light falling 
on a subject 

'Illumination 
Luminous flux density 
Pharosage 

E 

'Lux; tmetre-candle 
(= Im/sq.m.) 

Phot (*= Im/sq. cm.) 

Lumen persquarefoot; 
tfoot candle 
Nox (= 10 1 lx.) 

Luxon (ophthalmic use only) 

lx; m.c. 
ph. 

Im/sq. ft.; f.c. 

Intensity of light reflected 
from a subject, or 
emitted from a surfaae 

'Luminance 

tBrightness 

Helios 

L 

B 

H 

•Nit(= cd/sq.m.) 
tStilb (= cd/sq. cm.) 

Candela per sq in. 

Candela per sq. ft. 

Foot lambert; {apparent foot 
candle; teffective foot candle 
(= l/n cd/sq.ft.) 

Blondel; ‘apostil b 
(= l/n cd/sq. m.) 
tSkot (= 10 1 asb.) 

{Lambert (= l/n cd/sq. cm.) 
tMillilambert (- 10 3 L) 

nt. 

sb. 

cd/sq. in. 
cd/sq. ft. 

ft. L. (foot lambert) 

asb. (apostilb) 

L. 

mL. 

Total energy 

'Luminous energy 
tQuantity of light 

Q 

Lumen-second; lumerg 

Lumen-hour 

Lux-second 

Photon (used in theory only) 

Im-sec. 

Im-hr. 

Ix-sec. 

international terms 

fDeprecated terms 
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Luxon: the luxon is a special unit used in 
considering light within the eye. It is the illu- 
mination on the retina produced by viewing a 
surface having a luminance of 1 candela per 
square metre when the pupil area is 1 square 
millimetre. This unit was originally termed the 
photon, which term now has a quite different 
application (see below). 

Intensity of Light Reflected from a Subject. 

Luminance, or surface brightness, depends 
upon the power of reflection of a surface and 
must not be confused with the preceding 
concept of illumination, which is simply a 
measure of the incident light. 

Nit and foot lambert: the international unit 
of luminance is the nit which is 1 candela per 
square metre. A common British unit, however, 
is the foot lambert which is defined as the 
luminance of a uniform diffuser emitting 1 
lumen per square foot. 

Reflection factor: the reflection factor of a 
surface is the ratio of the luminous flux 
reflected to the luminous flux incident; it is 
alwayslessthan unity. 

Luminance factor: the luminance factor of a 
surface is the ratio of luminance to illumina- 
tion. It always refers to specified conditions of 
illumination and angle of view. The luminance 
factor may greatly exceed unity in certain 
directions. For example, with 10 lumens per 
square foot illumination, a glass-beaded screen 
may produce a luminance of 50 foot lamberts 
when viewed from near the projector axis (i.e., 
luminance factor = 5) but less than 5 foot 
lamberts from more than 30° (i.e., luminance 
factor = -5 or less). 

Candelas per unit area: many light sources 
being extensive in area cannot be considered 
as point sources and the concept of luminance 
is also applied to them. Such high intensity 
surfaces are usually measured in candelas per 
square inch. 

Luminosity : the term brightness is preferably 
avoided because of possible ambiguity due to 
the very broad meaning of the term in its 


popular non-technical use. It may be used in 
non-quantitative statements, but refers to the 
visual sensation and not the photometric 
quantity. The international term is luminosity. 
Thus the luminance of a surface may be 
doubled yet it would be permissible to say that 
the luminosity (or brightness) had not doubled 
since the sensation called brightness is generally 
judged not to be doubled. 

Total Light Energy. Lumen second: luminous 
energy or quantity of light is measured in 
lumen seconds, also known as lumergs. One 
lumen second is the quantity of light given out 
in 1 second by a source generating 1 lumen of 
light power. This unit is used when considering 
the light given by a flash bulb. 1,000 lumen 
seconds is mathematically the same as 1 lumen 
shining for 1,000 seconds or 10,000 lumens for 
one-tenth of a second. In photographic practice 
this relationship is modified by the reciprocity 
failure of sensitive materials. Flash bulbs may 
be accurately compared by their total light 
output when considering open-flash technique, 
but not when using them synchronized with 
high shutter speeds since two bulbs having the 
same output in lumen seconds might have quite 
different durations of flash, and hence different 
peak flux in lumens. 

Lux second : the lumen second may also be 
used when dealing with the effect of light falling 
on a surface for a measured length of time 
(photometric exposure) but the surface-area 
must also be specified. For this purpose a more 
convenient unit is the lux second which is one 
lumerg per square metre. 

Photon: the photon is the quantum or small- 
est quantity of light energy that can be emitted 
or received. It is inversely proportional to wave- 
length and the photon of ultra-violet light is 
twice the magnitude of that at the red end of 
the spectrum. It is of importance in theoretical 
physics but of no direct practical utility. R.E. 

See also : Light sources. 

(Book: Photographic Illumination , by R. H. Cricks 
London). 


LIGHT VALUES. Generally, this is a term 
applied to arbitrary numbers assigned to sub- 
ject and lighting conditions in exposure tables 
and some exposure meters. 

Many exposure tables tabulate separately the 
various exposure conditions (time of day and 
year, weather, subject, film speed, etc.). Each 
set of conditions carries an arbitrary number; 
these numbers are added up to give a light value 
which is referred to a final table from which the 
correct exposure is read off. 

More specifically, light values are the settings 
on certain shutters to give exposures as ranges 
of aperture-shutter speed combinations by a 
single setting. These light values are also known 
as exposure values and are based on a definite 
mathematical formula. 


Some exposure meters show their readings 
as light values; these may again be either 
arbitrary, or expressed in photometric units 
such as foot candles, which have to be trans- 
ferred to a calculator disc to give exposure 
settings or exposure values. 

Shutter Values. The light value scale on the 
model CRMXV of the Synchro-Compur, the 
current Compur-Rapid, and the light-value 
model of the Prontor SVS shutters combines 
apertures and shutter speeds in a single 
exposure setting. The light values usually 
run from 2 to 18, and each light value repre- 
sents a given amount of light passed through 
the lens. The higher the light value, the less 
the light passed through; or, from the point 
of view of setting exposures, the brighter the 
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Light Value 

fM 

n 

flB 

Shutter Speed (Seconds) at Aperture 
f 4 f 5-6 f B 

f ii 

r\i 

m 

f 32 

— | 

4 

8 

±m. 

im. 

1 m. 

2m. 

4m. 

8m. 

±h. 

ih. 

0 

2 

4 

8 

±m. 

im. 

1 m. 

2m. 

4m. 

8m. 

4h. 

| 

| 

2 

4 

8 

±m. 

Im. 

1 m. 

2m. 

4m. 

8m 

2 

1 12 

| 

2 

4 

8 

Jrm. 

jm. 

1 m. 

2m. 

4m. 

3 

1 14 

1/2 

| 

2 

4 

a 

Im. 

jm. 

Im. 

2m. 

4 

1/8 

1/4 

1/2 

1 

2 

4 

8 

Im. 

4m. 

1 m. 

5 

1/15 

1/8 

•/4 

1/2 

I 

2 

4 

8 

Im. 

jm. 

6 

i/ao 

1/15 
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subject, the higher the light value that must 
be set on the shutter. 

This system reduces exposure to its simplest 
terms. All the photographer has to do is to find 
the light value for the prevailing conditions 
from a suitably calibrated meter or table, and 
set the shutter scale to the same value. 

The scale of light values is so arranged that 
each number is equivalent to half exposure of 
the next lower number, and twice the exposure 
of the next higher number. 



LIGHT VALUES. A shutter scaled in light values has coupled 
aperture and speed settings. Bottom: for a given light value 
( e.g II) setting a fast speed automatically opens the aper- 
ture, or stopping down sets a slow speed, so as to keep the 
exposure constant. To change the exposure for different light 
conditions, simply alter the light value setting. 


Any given light value covers a range of 
aperture shutter-speed combinations that yield 
the same exposure. For instance, the light value 
13 gives a range of aperture/shutter-speed com- 
binations — e.g., 1/500 second at / 4, 1/250 
second at /5-6, or 1/125 second at/8, or 1/60 
second at / 11 — each of which gives the same 
amount of exposure. Similarly, a light value 
of 9 gives 1 second at / 22, J second at / 1 6, 

1 second at / 1 1, j second at /8, etc. — again all 
the same thing in terms of the amount of light 
received by the film during the exposure. 

The aperture and shutter speed settings on 
the shutter are coupled to the light value 
control; once a light value has been set, stop- 
ping down the aperture — e.g., to increase the 
depth of field — will automatically adjust the 
shutter to a correspondingly slower speed. 
Alternatively, setting the shutter to a fast speed 
(e.g., to cope with rapid subject movement) 
automatically opens up the diaphragm aper- 
ture. The exposure therefore remains auto- 
matically constant for that light value if either 
shutter or diaphragm settings are altered. 

The light value system can also be used for 
estimating exposures by rule-of-thumb. Thus 
an average subject in bright weather may need 
a light value setting of 12. For a brilliant sub- 
ject it would be correct to advance the setting 
to 13; or if the sun goes in, to reduce it to 1 1 or 
10, and so on. 

In the same way filter factors can be consid- 
ered as reducing the light value: for a factor of 

2 the light value must be reduced by 1, for a 
factor of 3 by 1£, for a factor of 4 by 2, and 
so on. 

Mathematical Equation. The light values L 
of the light value scaled shutters are given by 
the equation: 

2 l=/* x 1 // 

where / is the aperture number, and t the 
exposure time in seconds. This can also be 
written as: 
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L=log i (/* x 1/0 
or, more conveniently, 

L=3-322 x log(/* x 1/0 
For instance with a shutter speed of 4 second 
(l/f=8) and aperture / 16 we get: 

L =3-322 x log(16* x 8)=3-322 x 3-311 = 11 
Therefore this combination corresponds to a 
light value of 1 1 . A combination of 4 second at 
/22 would give 3-322 x log (22 2 x 4) which is 
3-322 x 3-288, or 10-93, again approximately 
11. Similarly, an equivalent combination of 
1 /250 second at/2-8 gives a light value of 3 -322 
x log(2-8* x 250) = 3-322 x 3-292 = 10-95. 
All the speeds on the shutter are chosen so that 
they give exact' or very near whole numbers 
when combined with the standard aperture 
numbers in the light value equation. 

The light value scale is logarithmic, and can 
thus cover enormous exposure ranges with a 
comparatively limited series of numbers. A 
scale from 2 to 18 is sufficient for all normal 
photographic purposes, since it represents 
exposures from 1 second at/ 2 to 1/500 second 
at / 22; in other words a range of over 1 : 
60,000. A scale from about —16 to +22 — less 
than 40 numbers — corresponding to a range of 
about 1 : 250,000,000,000 would cover every 
conceivable exposure ever made, from an 
astronomical photograph taken on a long 
winter night of 18 hours to extreme speed shots 
of around 1/10,000,000 second. L.A.M. 

LINE BLOCK. Photomechanical printing 
block consisting of a thin metal (usually zinc) 
plate in which the non-printing areas around 
the image are etched away, leaving a raised 
printing surface corresponding to the original 
image. There are only two possible tones in a 
line block; these are given by the full intensity 
of the ink (usually black, but any colour may 
be used) and the unprinted areas of the paper 
(usually white or light in tone). There is no 
gradation in the tones of a line block impres- 
sion. Line blocks are used mainly for reproduc- 
ing diagrams and black and white originals; 
they are not suitable for reproducing photo- 
graphs and other originals in continuous tone. 

See also: Photomechanical reproduction. 

LINE OF BEAUTY. Term originally used by 
the English artist, William Hogarth (1697— 
1764), to relate gracefulness to a curved S- 
shaped line. He discussed it in his essay, 
Analysis of Beauty , and employed its snake- 
like form in some of his paintings. It is one of 
the elements of picture construction sometimes 
employed by photographers who attempt to 
compose their work in the manner of academic 
painters. 

LIPPMANN, GABRIEL, 1845-1921. French 
physicist, professor at the Sorbonne. Originated 
the interference method of direct colour photo- 
graphy (1891), which produces fixable, accurate 
and excellent colour photographs but is 


difficult to carry out. Received the Royal 
Photographic Society Progress Medal in 1897 
and the Nobel Prize in 1908. Suggested the 
lenticular film method of additive colour 
photography. 

LIPPMANN EMULSION. Sensitive emulsion 
containing very little silver halide in extremely 
fine grains so as to be practically transparent. 
It is characterized by almost complete absence 
of any scattering phenomena, and was used 
by G. Lippmann (1845-1921) for his colour 
process. 

LIPPMANN PROCESS. Obsolete method 
of making pictures in natural colours invented 
by Professor G. Lippmann. The interesting 
feature of this process was that the colours 
were produced without using either dyes or 
pigments; they were the result of the inter- 
ference of the light rays forming the image. 
(Interference is the effect responsible for the 
familiar colours in an oily film on the surface 
of water). 

Lippmann took his pictures on a panchro- 
matic plate with its emulsion surface facing 
away from the lens and in contact with liquid 
mercury. Light rays passing through the 
emulsion were reflected back by the mercury. 
The reflected rays interfered with the incident 
rays and formed a latent image which varied in 
depth according to the colour (wavelength) of 
the rays. 

When this image was developed and viewed 
at a particular angle in contact with the surface 
of a mirror a faint picture was visible in natural 
colours. 

The technical difficulties of the process are 
immense, and no one has succeeded in carrying 
it beyond the stage of a scientific novelty. 

LITERATURE ON PHOTOGRAPHY. Biblio- 
graphies of specialized photographic literature 
can be found in numerous publications. 

The subject catalogue and supplement of the 
Royal Photographic Society’s library list 
books and pamphlets in the library up to the 
year 1952. Many of them are in foreign lan- 
guages. The catalogue has about 180 subject 
classifications, with an alphabetical index. 

Proceedings of the Centenary Conference 1953 
of the Royal Photographic Society include a 
section which deals with 82 contemporary 
books on various applications of photography. 

The Periodicals Catalogue of the Royal 
Photographic Society covers periodicals in the 
Society’s library up to the end of 1955. These 
include all important British and American 
journals and many in foreign languages. 

The British Journal Photographic Almanac 
publishes an abridged list of text books 
covering most general and certain special 
fields of photography. It mainly confines itself 
to current books, but also carries a limited 
selection of older publications. 


682 



Progress i n Photography Volumes I ( 1 940-50) 
and II (1951-54) give an international survey 
of discoveries and new techniques in the field 
of photography for the years covered. Biblio- 
graphies are appended to most of the articles. 

The Library Association of Britain has 
published two guides to photographic litera- 
ture. Some Tools for Reference and Information 
Work in Photography (1953), by R. S. Schultze, 
covers some fifty reference works, arranged 
according to type of publication. A Reader's 
Guide to Books on Photography (1954) applies 
only to British books and American books 
published in Britain. It includes many of the 
more elementary books, but also has an 
advanced section, Special Applications and 
Subjects. 

The Society of Chemical Industry’s Annual 
Reports on the Progress of Applied Chemistry 
include a section. Photographic Materials and 
Processes , which has a comprehensive biblio- 
graphy on photographic work from the 
chemical point of view. 

In the United States, the catalogue of the 
Epstean Collection, A Catalogue of the Epstean 
Collection on the History and Science of 
Photography and its Applications especially to 
the Graphic Arts, now in thelibrary of Columbia 
University, covers books up to 1937. Over 
1 ,400 titles are listed, grouped in 84 categories. 

An article, “Photography’s 100 Best Books”, 
was published in the November, 1954, issue 
of Photography (U.S.A.). It gives a brief indi- 
cation of the scope and standard of each title 
mentioned. The books quoted are mostly 
English or American, with a few major works 
in other languages. 

The Photo-Lab-Index (U.S.A.) contains A 
Guide to the Literature of Photography and 
Related Subjects (1943) by A. Boni. It lists 
3,000 books, pamphlets and articles in journals, 
drawn from various countries. They are listed 
alphabetically by author and subject. 

The periodical literature of photography is 
covered by four abstracting journals: Photo- 
graphic Abstracts published by the Royal 
Photographic Society, The Eastman Kodak 
Monthly Abstract Bulletin (U.S.A.), Ansco 
Abstracts (U.S.A.) and Science et Industries 
Photographiques (Photographic Science and 
Industries) (France). The Proceedings of the 
Centenary Conference 1953 of the Royal Photo- 
graphic Society include a report on other 
abstracting journals which cover photographic 
literature. 

The first three of these abstracting journals 
deal with the more important patents in the 
field of photography. A full list of British 
patents will be found in Abridgments of British 
Patent Specifications Group XX, Photography. 

The World List of Scientific Periodicals lists 
photographic journals published between 1900 
and 1950, with the British libraries in which 
copies may be found. The British Museum has 
in preparation the British Union Catalogue of 


LOG 

Periodicals, which will include many photo- 
graphic journals. 

Special scientific and technical books can in 
Britain be obtained on loan through one of the 
interlending library services. The National 
Central Library acts as an interlending centre 
for most public libraries and many specialist 
libraries, including that of the Royal Photo- 
graphic Society and the research libraries of 
Ilford Ltd. and Kodak Ltd. The library of the 
London Science Museum, which itself has a 
collection of photographic books, acts as an 
interlending centre for scientific libraries. N.W. 

See also: Books on photography ; Information and in- 
quiries; Museums and collections; Periodicals; Standardiza- 
tion in photography. 

LITMUS. Vegetable colouring matter used as 
an indicator in chemistry; it is turned red by 
most acids and blue by alkalis. It is available 
as a solid or a solution in water, or in rolls or 
books of litmus impregnated paper. 

See also : Indicator chemicals. 

LITRE (LITER). The standard of capacity in 
the metric system. One litre is for all practical 
purposes equal to 1,000 cubic centimetres. 

See also: Weight sand measures. 

LIVER OF SULPHUR. Chemical used in 
some toners; potassium sulphide. It is of 
variable composition. 

LOCAL CONTROL. Any method of con- 
trolling the appearance of a limited area of 
the photographic image — e.g., to darken or 
lighten its tone. The term is applied to local 
control of development of the negative or 
positive, and dodging, shading and spot print- 
ing during exposure in making enlargements or 
contact prints. 

LOGARITHM. Mathematical function used 
for making certain calculations easier. It is 
the “power” to which the “base” number 
(usually 10) has to be raised to equal a given 
number. For example, 100 = 10*, therefore 
the logarithm of 100 is 2 0. Its principal use 
in photography is to reduce the character- 
istic curve of the emulsion to a manageable 
form. The curve is required to show the effect 
of increasing exposure in a series of steps, each 
one representing a constant multiple of the 
value of the one before. The first step, for 
instance, may be from 1 to 10, while the last is 
from 10,000 to 100,000 exposure units. 

If the curve were plotted normally, it would 
not be possible to give equal importance to the 
first and last steps (and in sensitometry they 
each have the same weight). The effect of using 
logarithms of the numbers instead of the 
numbers themselves is to give the same spacing 
along the exposure axis to every comparable 
step from the lowest to the highest values. 

Some film speed systems use a logarithmic 
scale, where an increase of 10 degrees represents 
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a ten-fold rise in speed. This means that a 
very great range of relative sensitivities can be 
accommodated on a comparatively short scale 
of numbers. 

LONG FOCUS. Description of a lens indicating 
that its focal length is longer than the diagonal 
of the negative it is designed to cover — i.e. 
longer than the focal length of a normal lens. 

See also : Lens; Telephoto lens. 

LONG TOM. (Slang.) Abnormally high- 
powered telephoto lens of the type used by press 
photographers for taking sports pictures from 
a distance — e.g., at cricket matches and boat 
races. So called because of its resemblance to an 
old type of long-barrelled naval gun of that 
name. 

LOW CONTRAST DEVELOPERS. Certain 
developers tend to produce an image of lower 
contrast than others. They may be used 
deliberately to play down the over-harsh 
contrasts of certain subjects, or they may be 
employed because of other qualities associated 
with such developers — e.g., fine grain. 

LOW KEY. Effect produced by a predomi- 
nance of dark tones in a picture. Low key 
pictures have a heavy and dark character with 
a particular richness of shadow detail. 

A low key photograph is a product of the 
right subject and suitable lighting; the effect 
cannot be successfully imitated with an un- 
suitable negative by any method of printing or 
aftertreatment. 

The subject should be one which lends itself 
to dramatic, mysterious or rugged treatment 
and the actual tones should be inherently dark. 
A fair complexioned woman with blonde hair 
would be a bad choice for a low key study. 

The lighting should limit the important 
parts of the subject to a narrow range of dark 
tones while at the same time providing good 
modelling. Unimportant areas and the back- 
ground may be several tones darker than the 
subject to give it emphasis. To relieve the 
over-all heaviness of tone there should be at 
east one small highlight area. 

The exposure must be calculated specially 
for the tone range over the important part of 
the subject — not necessarily the whole picture. 
Under-exposure will result in loss of contrast 
in the important tones; over-exposure will 
give better shadow rendering, but may flatten 
the highlights. 

Development of the negative should be 
normal, but in a developer that favours good 
shadow detail — e.g., a metol sulphite developer. 
Under-development will cause loss of contrast, 
with murky and flat tones; over-development 
will increase contrast and destroy gradation in 
the smaller but quite important highlight areas. 

The print should be made on a paper that is 
known to give good separation of the darker 


tones and which is capable of producing deep, 
rich blacks. Glossy and velours papers are 
excellent in this latter respect. 

The only satisfactory way of arriving at the 
correct exposure is to make one or more test 
strips over the important areas, develop and 
fix them fully, and examine them by white 
light. Without a lot of practice, it is almost 
impossible to select the correct strip under the 
darkroom safelight; the usual tendency is to 
err on the side of under-exposure. 

When the print has been processed, care 
must be taken to preserve a clean, bright 
surface when it is dried. Hard water or in- 
sufficient washing can both lead to dulling of 
the surface sheen, which in tum causes a loss of 
contrast in the very dark tone areas. A final 
rinse in a weak solution of acetic acid usually 
prevents this trouble. J.D.C. 

See also: High key. 

LUMEN. Unit of light flux; it is the power of 
light falling on 1 square metre of a hollow 
sphere of 1 metre radius at the centre of which 
is a light source of 1 candle power. The total 
light flux emitted by the unit source is 4 tt 
lumens, 4it (= 12-57) being the area of the 
sphere of unit radius. 

See also : Light units. 

LUMEN SECOND. Unit used in measuring 
the total light output of a source — e.g., for 
stating the amount of light given out by a flash 
bulb, or the amount of light falling on a test piece 
of sensitized material. The quantity of light in 
lumen seconds is equal to the power of the 
source, expressed in lumens, multiplied by the 
duration in seconds. 

See also: Light units. 

LUMlERE, AUGUSTE, 1862-1954. French 
scientist, son of Antoine Lumifere. With his 
brother, Louis, manufactured dry plates and 
later roll film. The two of them together did 
valuable work in photographic chemistry, 
colour photography and cinematography. 
Auguste was also famous in the sphere of 
biological science: founded the Clinique 

Auguste Lumiire and devoted much of latter 
life to work in the physiological laboratory. 
Historically, his name is nearly always linked 
with his brother, Louis. 

LUMlERE, LOUIS, 1864-1948. French scien- 
tist, son of Antoine Lumifere who founded a 
dry-plate factory in Lyon in 1882. With his 
brother Auguste assisting, the factory was 
expanded and started roll film manufacture in 
1887. Together with his brother, he carried out 
and published much scientific and technical 
work on photographic subjects. Louis and 
Auguste (alone and with Seyewetz) made 
valuable contributions to photographic chemis- 
try, especially development (1891), and received 
the Progress Medal of the Royal Photographic 
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Society in 1909. They produced Lippmann 
photographs in 1892, the Autochrome screen 
plate for colour photography in 1903 (com- 
mercially in 1907) and demonstrated publicly 
their Cinematographe camera and projector in 
1895, using an intermittent (claw) movement 
with perforated 35 mm. film; the design followed 
in nearly all modern cine apparatus. In 1900 the 
two brothers demonstrated the Photorama, a 
360° panoramic projection device. Biography 
by Bessy and Duca (Paris 1 948). 

LUMINANCE. Property of emitting light 
either as a source, or by reflection. The in- 
trinsic luminance of a body (the amount of 
light coming from a unit area) is measured in 
foot lamberts — i.e., the intensity of the light 
falling on the surface measured in foot candles 
multiplied by the reflection factor of the surface. 

See also : Light units. 

LUMINOUS FLUX. Intensity of light (i.e., 
visible radiation emitted by a source) or in 
common usage a measure of the power of the 
source. It is measured in lumens. 

See also: Light units. 

LUNAR CAUSTIC. Commercial form of 
silver nitrate, the chemical which enters into the 
composition of most of the sensitized materials 
used in photography. 


L0PPO-CRAMER, HINRICUS, 1871-1943. 
German scientist and writer on photography. 
A life-long worker in the photographic industry, 
first with Schering, then as manager of the 
Schleussner dry-plate factory, and later as 
technical director of the Kranseder dry-plate 
factory at Munich and as director of research 
in the Deutsche Gelatinefabrik A.G., Schwein- 
furt. He worked on hydroquinone-derivative 
developers (1902) and on desensitizers and in 
1920 introduced his system of developing in 
bright light. Contributed notably to knowledge 
of colloid chemistry in relation to photography 
and to the latent image theory. The Royal 
Photographic Society granted him their 
Progress Medal in 1932. 

LUX. Measure of the illumination of a surface. 
A level of illumination of one lux means that 
one lumen of light is distributed over every 
square metre of surface. In other words, it is 
the illumination per square metre of a surface 
at a distance of 1 metre from a point source of 
1 candela. 

See also: Light units. 

LUX SECOND. Unit based on the lux, used 
in sensitometry for measuring exposure. It is 
the amount of light that falls in one second on a 
surface illuminated with an intensity of one lux. 

See also: Light units. 
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MACH, ERNST, 1838-1916. Austrian physicist. 
The invention of X-ray stereoscopy is attri- 
buted to him. He suggested to Eder and Valenta 
that, by shifting the X-ray tube, it should be 
possible to produce stereoscopic radiographs. 
This was found to be correct and the first 
pictures so produced appeared in 1896. Mach 
was the first to use the electric spark as a light 
source in photographing projectiles. He was 
also the first to use a rotating sector wheel in 
measuring sensitivity and was also a pioneer in 
stroboscopy and in time-lapse photography. 
Biography by A. Lampa (1918). 

MACKENZIE - WISHART ENVELOPES. 
Elaboration of the normal type of plate holder, 
enabling plates to be changed in daylight. 
Plates are loaded into light-tight envelopes 
which are then inserted in daylight into a 
special plate holder. The plate holder is so 
constructed that when the sheath is with- 
drawn, it opens the envelope and allows the 


plate to be exposed. Replacing the sheath 
closes the envelope again and allows it to be 
exchanged without a visit to the darkroom. 
With one of the special holders, the number of 
plates that can be changed and exposed Is 
limited only by the number of loaded envelopes 
available. 

The envelopes are no longer made and are 
only to be had on the second-hand market. 

MACK IE LINE. Clear line surrounding an 
intense highlight on a developed emulsion. It 
is the result of contamination of the solution 
by the waste products of development released 
in the highlight region. Only occurs when the 
developer is given insufficient agitation. 

See also: Eber hard effect; Kostinsky effect. 

MACPHERSON, ROBERT, 1811-72. Scottish 
surgeon. Lover of art who settled in Rome to 
become the leading architectural photographer 
of his time. Celebrated for his views of Rome. 


MACROPHOTOGRAPHY 


Macrophotography is the process of taking 
larger-than-life photographs with ordinary 
camera lenses. Macrophotography ends and 
photomicrography (with microscope lenses) 
begins, at about 10 x diameters. 

Magnified pictures taken in this way are 
extremely useful for study and records in 
medicine, entomology, science and philately. 
They are also of striking general interest when 
of familiar small objects on an enlarged scale. 

There are two ways of taking macrophoto- 
graphs: by using a normal camera and lens 
with an abnormally long extension tube or 
bellows, and by using a larg# — e.g., whole 
plate, or 8 x 10 ins. — camera with an abnormal- 
ly short f ocus lens. In either of these ways, an 
enlarged image of the subject is focused on the 
plate and photographed. 


BASIC SYSTEM 

The main consideration with a basic system 
is the type of equipment and lighting to use. 
Certain cameras and lenses are more suitable 
for macrophotography than others. 

Focusing. The size of the camera for macro- 
photography is unimportant; anything from a 
miniature to a large plate camera will do. But 
it is essential for it to be equipped with a screen 
for visual focusing. It is possible to do ordinary 
close-up photography without focusing visually 
by measuring the lens-subject distance, or 
fixing it by a rod or other gauge. But in macro 
work, the lens is much closer to the subject than 
in ordinary close-ups. The depth of field is so 
shallow that the distance cannot be measured 
with sufficient accuracy; often a difference of 
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1/100 in. is enough to throw the subject right 
out of focus. 

For subjects that are likely to move between 
focusing and exposure, a reflex camera or one 
with a reflex attachment is essential. If the 
subject is stationary, any plate camera or plate 
back attachment that will also take a focusing 
screen may be used. 

CAMERA EXTENSION REQUIRED FOR 
MACROPHOTOGRAPHY 


Focal Length Plate-Lens Separation 


of Lens 
in. cm. 

Scale / : / 
in. cm. 

Scale 1 : S 
in. cm. 

Scale 1 : 10 
in. cm. 

1 

2-54 

2 

5-08 

6 

15-24 

II 

27-94 

2 

508 

4 

10-16 

12 

30-48 

22 

55-88 

3 

7-62 

6 

15-24 

18 

45-72 

33 

83-82 

4 

1016 

e 

20-32 

24 

60-96 

44 

MI-76 

5 

12-70 

10 

2540 

30 

76-20 

55 

139 70 

6 

15 24 

12 

3048 

36 

91-44 

66 

167 64 


In the general case, for a lens of focal length 
= F and a magnification = M (times the size 
of the subject), the plate-lens separation S, 
measured from the back nodal point of the 
lens, is given by the equation: 

S = F x (M+ 1) 

The distance from the lens to the subject, 
measured from the front nodal point of the 
lens, is given by the equation: 

D = F x 0 +M) 

Advantages of Back Focusing. A camera with 
back focusing is a great advantage in macro 
work. This arrangement allows the lens to 
remain fixed in relation to the subject while the 
back is removed to focus the image. In this way 
the scale of magnification remains constant and 
in addition the focusing movement is much less 
critical. When the image is focused by moving 
the lens, small shifts make relatively large 
changes in the image scale and sharpness. The 
advantages of back focusing may be achieved 
by removing the back of the camera, mounting 
the plate holder on an independent slide and 
making a light-tight sleeve to join the two. 
Shutter. Instantaneous shutter speeds are not 
required in normal macro work; the brilliance 
of the image is so weakened by the amount of 
magnification that only time exposures are 
possible. All that is needed is a shutter that can 
be operated through a long flexible release 
without transmitting any vibration to the 
camera. Even this is not always necessary; the 
exposure may be made by switching the light 
on and off in an otherwise dark room. The 
exposure may also be made with a black card 
held in front of the lens after the dark slide has 
been drawn. 

The situation is different when photographing 
moving specimens with electronic flash illum- 
ination. In this case the short duration of the 
flash is the thing that arrests the movement. 
As it lasts for less than 1/1000 second it can 
be synchronized to work with a fast shutter 
speed. By doing this, the shutter is not open 
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long enough for the normal room illumination 
to form a secondary image. So for this particular 
technique it is an advantage to have a shutter 
synchronized for electronic flash at 1/100 
second or less. 

Lens. Almost any lens can be used to make 
macro pictures, although some subjects call for 
special characteristics. The normal camera lens 
will serve quite well for most subjects so long as 
it can be moved far enough away from the 
sensitive material. Very few cameras are 
equipped for even 1 : 1 reproduction, but 
there are several ways of providing the neces- 
sary extension (below). 

The great drawback of using lenses of 
more than 2 or 3 ins. focal length is the exces- 
sive camera extension they call for. It is diffi- 
cult to make a long extension rigid, and the 
result is that the slightest movement in the 
room starts camera shake that is multiplied by 
the extra lens-plate separation. 

There is no need for the lens to have a wide 
aperture for taking the picture, because it is 
almost always stopped down to / 16 or less to 
give a reasonable depth of field. At the same 
time a wide aperture is an advantage for 
viewing because it gives a bright image that is 
easy to focus. 

It must be remembered that a camera lens 
used for macro photos is being worked under 
unfavourable conditions. A camera lens is 
computed for short lens-plate separations and 
long plate-subject distances; in macrophoto- 
graphy these conditions are reversed. Even so, 
many modern anastigmat lenses will give 
critically sharp images enlarged up to ten times 
life size. 

With greatly increased bellows extensions, a 
normal camera lens should be used reversed 
so that the back component faces the object. 
The disadvantage Of this arrangement is that 
the diaphragm can then only be adjusted from 
within the camera. 

For serious work, special lenses of short 
focal length are available. These are con- 
structed for use at appreciable magnifications; 
they do not need to be reversed and have a 
much higher standard of performance than an 
ordinary camera lens used for the same purpose. 
They are made in several focal lengths from 
2 ins. down to about 2/3 in. and can usually 
cover an object approximately equal in size to 
their focal length without any falling off of 
image quality. 

Lenses of this type are usually fitted with an 
iris diaphragm which may have to be closed 
considerably to achieve the required depth of 
field. Since reduction of the lens aperture also 
reduces its resolving power, stopping down 
should be done as little as possible. 

Depth of field can be a great difficulty in this 
work and it is in fact often a limiting factor. 
Since depth of field (for a given circle of con- 
fusion) depends only upon two factors, namely 
the aperture of the lens and the magnification. 
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the best way to obtain greater depth is to 
reduce the magnification. This can be reduced 
either by shortening the bellows extension or 
by changing to a lens of longer focal length. 
It is better to use a small image that has ade- 
quate depth than a larger one that has not. 
Stop Values. When a normal camera lens is 
used for macrophotography at abnormal 
plate-lens separations, the marked stop values 
no longer apply. The amount of light passing 
through the lens is the same irrespective of the 
camera extension, but at abnormal extensions 
it has to spread over a much bigger picture area. 
This means that for a given stop diameter, the 
bigger the picture, the weaker the image. And 
a weaker image needs a longer exposure. 

The effective aperture, Ae, for a lens of focal 
length F with a rated aperture of Ar when 
working at an extension E, can be found from 
the equation: 

. E . 

Ae = p- x At 

For example, if a 2 ins. lens stopped down 
to/8 is being used to form an image magnified 
5 x life size, the camera extension will be 
approximately 12 ins. So the effective aperture 
will be given by: 

A 12 8 J Q 

Ae = y X y = 48 
— i.e.,/48 

The small /-value of a lens working at the 
great extensions common in macrophotography 
explains why the photographer must either use 
a very intense light source or be content to take 
pictures of still subjects which will allow him to 
give long exposures. 

Normal Lighting. For still subjects almost any 
form of artificial light will provide satisfactory 
illumination; the power is unimportant since 
the exposure can be prolonged indefinitely. For 
preference, however, the light should be in the 
form of a beam of parallel rays of light rather 
than a flood of soft diffused rays. The appeal of 
macro pictures is in the normally invisible detail 
that they show, so that a fairly hard cross 
lighting is usually best. 

An enlarger lamphouse with the negative 
carrier and lens removed makes an excellent 
source of illumination, and equally good 
pictures can be made with a good focusing 
hand torch. The light from the torch is generally 
better for being slightly diffused through a sheet 
of ground or opal glass. 

When a hard light is shone across the 
specimen to emphasize detail, a second fill-in 
light or a white card reflector must be used to 
throw some illumination on to the shadow side 
of the subject. If this is not done, the parts in 
shadow will be completely black and featureless. 

If an enlarger lamphouse is used it is often 
useful to fit a Photoflood in place of the normal 
lamp. The extra brilliance of the Photoflood 
compensates for the weak illumination of the 


enlarged image; it makes focusing easier and 
shortens the exposure. At the same time it 
generates a great deal of heat and must be used 
with caution, particularly on live insects or 
delicate plants. 

Flash Bulb. Flash bulbs are a useful form of 
illumination for special subjects — e.g., for 
natural history photographs of living specimens 
in the field. The bulb can be brought close 
enough to the subject to make instantaneous 
exposures possible and as there are no weighty 
batteries involved, the set-up can be made 
easily portable. 

It is often an advantage to use the flash bulb 
without a reflector when working close to the 
subject in this way. The reflector gives too 
broad a source of light when it is only a few 
inches away from the subject. This means that 
the shadows have no definite edges, and crisp 
detail is absent. Using the bulb alone reduces 
the width of the source and gives better 
rendering of detail and surface texture. 



EQUIPMENT FOR MACROPHOTOGRAPHY. Top: In the usual 
photographic apparatus, the lens is racked out to focus near 
objects sharply. Centre and bottom: For macrophotography 
proper, a camera with interchangeable lenses permits the use 
of extension tubes or bellows, and also of a focusing device to 
ensure maximum image sharpness. A, focusing stage with 
ground glass screen and focusing magnifier. B, extension tubes. 
C, camera lens. D, extension bellows. E, reflex housing with 
ground glass or clear glass focusing screen. 
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Flash bulb illumination is apt to be expensive 
for this type of work where a large number of 
exposures may have to be made to get a few 
acceptable pictures. 

If the camera can be supported, open flash 
technique may be used at very small apertures, 
but with the popular type of midget flash bulb 
it is even possible to make synchronized 
exposures of 1 /25 second and shorter on medium 
speed pan film at lens apertures of /II and 
smaller. 

Electronic Flash. Electronic flash is perhaps the 
most suitable of all forms of illumination for 
macrophotography. It is bright enough to 
enable small apertures to be used, and its short 
duration arrests the movement of the liveliest 
insect. It is equally good even for still subjects 
because it cuts out any risk of camera shake 
during exposure. The cost per exposure is 
negligible, and the size of the source is small 
enough to give good definition at normal 
working distances. 

A 100 joule flash will provide enough 
illumination to give fully exposed negatives 
magnified 10 x life size on medium speed pan 
film at apertures as small as /36. 

Transmitted Light. Macro subjects are usually 
opaque, and so are normally illuminated from 
the front. But, particularly in laboratory work, 
it is often necessary to photograph specially 
prepared sections — e.g., of botanical or patho- 
logical specimens. Such sections — and other 
semi-transparent subjects like insects’ wings — 
are best photographed by transmitted light. In 
this case there is no need for the exact methods 
of subject illumination that are necessary in 
photomicrography. Any of the light sources 
used for reflected light illumination may be 
used for transmitted light simply by directing 
them on to the back of the subject (which is 
held in position on a sheet of glass, or mounted 
like a microscope specimen). 

A wide variety of effects can be obtained by 
changing the character and angle of the illu- 
mination. If the light shines directly from be- 
hind the subject, all the opaque parts will 
appear in silhouette and the result will be a 
strong black image without half tones. If the 
light shines obliquely on the subject the out- 
lines of details will appear to glow against a 
dark background. (The appearance is similar 
to that produced by dark ground illumination 
in photomicrography.) 

It is never a good arrangement to shine an 
undiffused light directly on to the back of the 
specimen as any uninterrupted rays fall on the 
lens and create flare and light fog. Where the 
details are to appear in silhouette, it is sufficient 
to place a sheet of white paper behind the 
subject and light it with a spot of light so that 
the subject is seen against a brilliant white 
ground. 

With any system of transmitted light, there 
is a risk of halation and irradiation. These 
effects destroy the definition of fine detail, so 


they should be minimized by using backed 
plates and the minimum exposure. 

MINIATURE SYSTEMS 

All the classic miniature cameras feature 
macrophotographic equipment in their range 
of accessories. There are several ways in which 
such cameras can be adapted for this type of 
work, and the user generally has a choice of 
systems based on supplementary lenses, exten- 
sion tubes or focusing devices. 

Supplementary Lens Systems. The equipment 
in this case consists of sets of supplementary 
lenses and some form of distance gauge. This 
may consist of metal legs attached to the camera 
to hold it at a fixed distance from the subject 
corresponding to the focal length of the rele- 
vant supplementary lens. The camera may be 
actually supported by the legs above the surface 
on which the subject lies, or it may be held in 
the hand and moved to bring the subject within 
the plane indicated by the tips of the legs. 

The first method is suitable for photograph- 
ing objects in the laboratory and the second for 
taking pictures — e.g., of flowers and live in- 
sects — in the field. 

Fixed focus supplementary systems of this 
type cannot be used for distances closer than 
about 1 2 ins. (30 cm.). They have the advantage 
that they do not alter the indicated stop values 
of the camera lens. 

Extension Tubes. For working at closer quarters 
there are sets of extension tubes designed to fit 
between the camera lens and its mount. The 
separate tubes can be added to give even greater 
extension. Tubes of this type may be used as 
fixed focus devices in conjunction with distance 
gauges, or they may provide the extension for 
a visual focusing attachment. 

Extension tubes may be used for photography 
with the normal camera lens up to magnifica- 
tions of 10 x . 

Extension bellows to fit between the camera 
body and lens may take the place of the 
extension tubes, providing a continuously 
variable extension. 

When macrophotographs are made in this 
way, the indicated stop value of the camera lens 
is reduced in proportion to the extra magnifica- 
tion and the difference must be allowed for in 
calculating the exposure (see above). 

Focusing Devices. Most miniature camera 
systems include close-up focusing devices 
which can be used for focusing close-up sub- 
jects with either the camera lens, the camera 
lens plus a supplementary lens, the camera 
lens plus extension tubes or extension bellows 
or a special short focus lens. 

The simplest arrangement consists of a set 
of tables supplied with a series of supplemen- 
tary lenses. These are used in conjunction with 
the focusing scale on the camera lens. The 
tables show the new distance focusud at each 
point on the focusing scale when the supple- 
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mentary lens is in position, and the focal 
lengths of the supplementaries are chosen to 
extend the normal focusing scale continuously 
down to the near limit — i.e., when the most 
powerful supplementary lens is used at the 
fullest extent of the scale. 

Another accessory for the same purpose 
consists of an extension piece associated with 
an optical compensator for the rangefinder of 
coupled focusing miniatures. This allows the 
camera lens to be focused by the rangefinder 
on close objects. It may take the form of a 
focusing mount for a continuous close-up 
range from about 36 to 12 ins. or a separate 
close-up rangefinder for fixed close-up distances 
with given supplementary lenses or tubes. 

The reflex housing is perhaps the most suit- 
able of all devices for use with miniature 
cameras. It consists of a reflex mirror and 
focusing screen which can be inserted between 
the camera and any of the normal lenses. This 
arrangement converts the camera into a single 
lens reflex and allows the image to be focused 
visually up to the instant of exposure. Theore- 
tically there is no limit to the scale of magnifica- 
tion obtainable, since extension tubes and/or 
supplementary or special short focus lenses can 
be added ad lib, but in practice the system is 
not suitable for magnifications beyond about 
10 x. Reflex housings permit macrophoto- 
graphs to be made of moving subjects. 

A focusing stage may be used for macro- 
photography of still subjects. This accessory is 
in effect a dummy camera body fitted with a 
focusing screen in place of the back. The 
camera lens and extension tubes or supplemen- 
tary lens are held in a support and the focusing 
stage is fitted in place of the camera body. The 
subject is then focused on the screen, the stage 
is removed and the camera body screwed into 
place once more. Or the camera body and the 
focusing screen may be fitted side by side on a 
slide so that each can be brought into position 
over the lens as required. In either case the 
screen and the surface of the film both lie in 
the same plane, so that once the image has been 
focused visually it will also be sharp on the 
film. 

In another arrangement, the focusing screen 
can be removed from the stage and replaced by 
a dark slide holding a single frame of 35 mm. 
film. This allows single shots to be exposed 
and processed. 

Scope of the Miniature. While the miniature 
camera in conjunction with the equipment 
described above can turn out excellent macro- 
photographs it has a number of limitations. 
Where twenty or more photographs are to be 
takeD of the same subject or of similar subjects 
under identical conditions of magnification 
and illumination, the film capacity of the 
miniature is an advantage. But if conditions 
vary from frame to frame, it is practically im- 
possible to give uniformly correct exposures. 
And where only one or two photographs are to 


be taken, the length of the normal 35 mm. film 
is an embarrassment. (The single frame device 
is not an ideal solution as a piece of film 
measuring 1 x 1£ ins. (24 x 36 cm.) is by no 
means easy to handle.) 

The image given by a miniature screen 
focusing system is not as easy to see as one on, 
say, a quarter plate screen, and a slight error 
in focusing is more serious on the miniature 
set-up. Furthermore, in this field of photo- 
graphy, the aim is to produce a print of the 
highest possible definition and with the maxi- 
mum detail. In spite of the excellence of minia- 
ture lenses, the negative remains small and it 
suffers proportionately more in enlargement 
than a larger negative. The grainier and 
slightly less sharp print given by the miniature 
might go unnoticed in a normal photograph, 
but in a macrophotograph it cannot be over- 
looked. On the other hand, the miniature 
negative will generally show a greater depth of 
field. 

Broadly speaking, the miniature set-up has 
advantages for repetition shots of similar 
subjects — e.g., in compiling routine research 
data — and for subjects where a considerable 
thickness is to be included in the zone of sharp 
focus. It is less suitable for making single 
exposures or for taking widely different sub- 
jects or for producing prints of critically sharp 
definition, particularly where the depth of field 
is not great. 

SUBJECTS 

The technique of macrophotography may 
vary according to the subject. There are two 
important divisions — still subjects and moving 
subjects. 

Still Subjects. For still subjects there is no need 
for either reflex focusing or brilliant illumin- 
ation. A double extension whole plate camera 
body with the back adapted to take a i-plate 
focusing screen and plates is an excellent basis. 
The lens should preferably be 2 ins. (5 cm.) 
focal length or even shorter — the normal 35 mm. 
miniature camera lens is very suitable. A deep 
lens hood adds greatly to the clarity of the 
picture. No shutter is required as the exposure 
can be made with a piece of black card in front 
of the lens. 

The camera should be fixed firmly to the 
same table top or optical bench as the support 
for the subject to minimize the effect of 
vibration. 

The set-up may be arranged vertically or 
horizontally. A horizontal arrangement is more 
suitable when a comparatively larga and heavy 
plate camera body is used to provide the 
necessary bellows extension. A vertical arrange- 
ment is more suitable for a set-up consisting of 
say, a i-plate camera body and a long extension 
tube. 

The light source, screened to prevent direct 
rays from falling on the lens, is mounted on an 
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adjustable support so that it can be directed on 
to the subject from any angle. 

In use, the subject is mounted in front of the 
lens and focused sharply on the screen with the 
lens at full aperture. The subject-lens distance 
is adjusted to give an image of the required 
size, and the lamp is moved about until the 
illumination is satisfactory. For most subjects 
the light should shine at an angle of about 
45° from the front and to one side of the 
subject. A piece of white card is then held or 
fixed to reflect light on to the shadow side of 
the subject and adjusted until the shadow detail 
looks bright enough on the focusing screen. 

The lens is then stopped down — generally to 
its smallest aperture — and the exposure made 
by covering and uncovering it with a piece of 
black card after withdrawing the dark slide 
from the plate holder. 

Moving Subjects. For moving subjects, reflex 
focusing is essential. Some workers use an 
ordinary reflex camera, others prefera miniature 
reflex or a miniature camera with a reflex 
attachment. The miniatures are handier for 
work in the field, but for extreme magnifications 
a miniature lens in a normal reflex camera is 
probably the best combination. 

If the set-up is to be reasonably portable, the 
extension — and magnification — must be kept 
to the minimum. In this case the flash bulb or 
tube must be mounted on the camera; side 
lighting is out of the question. This means that 
some crispness of definition must be sacrificed. 

A stationary arrangement can be constructed 
with a longer extension and this will handle 
greater magnifications. It also allows the flash 
to be placed to one side of the subject with a 
reflector to illuminate the shadows. This 


arrangement, whether vertical or horizontal, is 
suitable for photographing living insects, etc. 

When an electronic flash tube is mounted on 
the camera in a portable set-up, the lens stop is 
dictated by the distance of the flash from the 
subject. With a stationary set-up, any stop may 
be used because the exposure can be regulated 
by moving the flash relative to the camera. 

When working with flash it is generally 
necessary to employ an independent focusing 
light. This is because the magnified image is too 
feeble to be focused easily by the normal room 
or day light. A good electric torch, mounted on 
the side of the flash head and focused on the 
subject gives enough light. 

In use, the focusing light is switched on and 
the lens opened out to full aperture while the 
subject is arranged and focused. When the 
image is satisfactory in position and sharpness, 
the lens is closed down to the working value 
and the release is pressed. 

It is always a great help if the movement of 
the subject can be limited in some way so that 
once its image has been focused on the screen 
it cannot move either out of focus or off the 
plate. If this can be done, as soon as the image 
has been focused sharply, the lens can be 
stopped down to its working aperture and the 
subject observed directly. This enables the 
photographer to press the shutter release the 
moment the subject is in a favourable position 
instead of having to risk losing the picture at 
the critical instant. F.P. 

See also: Close-ups; Extension of camera; Focusing stage ; 
Optical calculations; Photomicrography; Reflex attach- 
ment; Supplementary lenses. 

Book: Close Range Photography , by C. H. Adams 
(London). 


MADDOX, RICHARD LEACH, 1816-1902. 
English doctor and amateur photographer. 
Inventor of the first serviceable silver bromide 
gelatin emulsion (1871). He made his ideas 
public “to point the way”, without patenting 
this revolutionary process and passed his last 
years in straitened circumstances. Received the 
Progress Medal of the Royal Photographic 
Society in 1901 for his invention, which, with 
improvements by others, had laid the founda- 
tion of the dry plate and film industry. 

MAGAZINE. Light-tight, rigid, sometimes re- 
loadable container for holding lengths of film 
or stacks of cut film or plates. It is designed so 
that it can be attached to or inserted in a still 
or cine camera, exposed, and then removed in 
the light. A magazine therefore allows a camera 
to be operated continuously without the need 
for a darkroom for reloading; and it affords 
complete protection to the sensitized material 
before and after exposure. 

The term is sometimes applied to 35 mm. film 
cassettes and to film packs, but it is more appro- 


priate to the metal or plastic containers in 
which lengths of film are supplied (or into 
which lengths are loaded in the darkroom) for 
use in cine cameras. These magazines are self- 
contained ; they provide a take-up spool for the 
exposed film and they can be removed at any 
time at the sacrifice of only one or two frames. 

In a cine magazine, the film is advanced 
through the camera gate by reciprocating 
claws which engage in the perforations in the 
film. The take-up spool is turned by a dog clutch 
on its spindle which automatically engages 
with the projecting forked end of a driving 
shaft on the camera. Sub-standard cine films 
intended for return to the maker for reversal 
processing are commonly supplied in light 
gauge, pressed metal magazines. Professional 
35 mm. cine cameras are used in conjunction 
with magazines of a more robust design which 
are loaded from bulk supplies by the user and 
generally incorporate a footage indicator to 
show how much film remains unexposed in the 
magazine at any time. 

See also: Cinematography . 
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MAGAZINE CAMERA. Before the advent of 
roll film, many attempts were made to design a 
camera with a plate magazine incorporated 
so that it could take a number of exposures 
without the inconvenience of changing plate 
holders. 

Some of these cameras held a dozen plates 
in a holder which kept the foremost plate 
pushed forward into the focal plane. After 


exposure, operation of a lever released the 
front plate and allowed it to fall into a storage 
chamber in the base of the camera. The next 
plate was then pushed into position automati- 
cally by a spring. These devices were tempera- 
mental and unpredictable in action and the 
attempts to improve them were abandoned on 
the arrival of the roll film. 

See also: Camera history. 


MAGAZINE PHOTOGRAPHY 


The United States has exerted a strong in- 
fluence on the styles and methods applied 
to magazine publishing in other countries. 
There is a world-wide tendency to follow the 
established patterns of American practice, on 
which this article is based. 

Since the big picture magazines emphasize 
the picture story, it probably could be called 
the basis for magazine photography. It is the 
picture story which has been popularized most 
in latter years, and it is the picture story 
approach which holds the interest of most of 
the younger photographers. 

Most general magazines which feature text 
also use pictures and many have one or more 
picture stories in every issue. The specialized, 
trade publication also has become a major 
market for photographs. 

Despite the growing, widespread interest in 
pictures for publication, the increasing number 
of photographers in the magazine field makes 
it a highly competitive one. 

The Photographer. The average magazine 
photographer is a freelance. In the United 
States the majority are concentrated in New 
York City, with the second largest group 
deployed in and around Hollywood, but most 
major cities have one or more photographers 
who use them as bases for specializing in 
magazine photography in regions often con- 
sisting of several states. 

Many magazine photographers have studios, 
with thousands of dollars worth of equipment. 
They usually specialize editorially in fashions 
or portraits or home suggestions, and may do 
most of their work for advertisers. Many others 
work with only a few small cameras but, 
since the advent of electronic flash, a travelling 
photographer may be so weighted down with 
paraphernalia that transportation becomes a 
serious problem. 

To light up the whole arena when a circus 
appeared at Madison Square Garden in New 
York City, one photographer using colour 
employed 2,800 pounds of electronic flash 
equipment. A radio remote control set-up was 
also used, with a transmitter on his camera and 
a radio receiver activating the electronic flash. 
Flash bulbs are seldom used by the magazine 
photographer, whilst much of his work is still 
done in natural light. 


Many magazine photographers spend most 
of their time travelling. In one ten-day period, 
one freelance reported having shot hockey in 
New York one night, baseball near San 
Francisco the next morning, football at Los 
Angeles the next afternoon, another baseball 
game on the Mexican border the next day, a 
horse race at Santa Anita the next moming, 
another football match at Los Angeles the 
following day, and three ski stories at Sun 
Valley the next three days. Then, following a 
quick flight to New York and back to Los 
Angeles, he covered a travel story on the 
Pacific, en route to Hawaii. 

The American freelance may be indepen- 
dent, or be represented by a picture agency. He 
usually works for a day rate, which may or may 
not be supplemented by a space rate, or for a 
story guarantee. Almost always, expenses are in 
addition to payment f or his time. Although most 
photographers naturally prefer not to, some 
will work on speculation. They may or may not 
be members of the American Society of Maga- 
zine Photographers, which began as a pro- 
fessional society but changed its status to that 
of a union; it is seeking acceptance of a code 
which has as one of its central features a 
minimum daily rate of payment for magazine 
photographers. 

The Pictures Wanted. Generalizations are 
difficult because magazines use all types of 
photographs, but a great deal of work — 
both black-and-white and colour — is done in 
35 mm. and 120 size. In colour, the editors 
favour as large a transparency as the subject 
matter allows for best results, but not at the 
expense of editorial impact. 

With its beginning in 1936, the pioneering 
American picture magazine, Life, presented 
this credo: “To see life, to see the world, to 
eye-witness great events, to watch the faces of 
the poor and the gestures of the proud, to see 
strange things, machines, armies, multitudes, 
shadows in the jungle and on the moon; to 
see man’s work, his paintings, towers and dis- 
coveries; to see things dangerous to come to; 
the women that men love and many children; 
to see and to take pleasure in seeing; to see and 
be amazed; to see and be instructed; thus to 
see, and be shown, is now the will and new 
expectancy of half mankind.” 
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Since then, television has whetted even more 
the desire of a visual-minded public to see as 
much as it can. And although the public is 
absorbed vitally in important events, it is just 
as interested when photography gives signi- 
ficance and meaning to the familiar, the com- 
monplace, the ordinary. A magazine photo- 
grapher can find dramatic, exciting, moving 
pictures in everyday life and day to day 
events. 

Magazines of this type see pictures from all 
the major news services and are a focal point for 
submissions from the agencies and established 
photographers — but they are usually interested 
in contributions from anyone who thinks he 
has a printable picture, amateurs not excepted. 
In general they should be addressed to the 
Contributions Editor, but in the event of a 
major news break the nearest staff representa- 
tive of the magazine could be contacted. If 
pictures which are submitted are trimmed, it is 
always a good idea to send a set of contact 
prints too. 

Despite the emphasis on the picture story, 
many magazines are also a market for out- 
standing single pictures. 

Working Organization. The bulk of work for 
the leading American magazine is done by 
thirty-four staff photographers (thirty-two 
actually staff, two more on a contract basis for 
their exclusive services) and many freelances, 
some of whose work appears so regularly that 
they come to be identified with the magazine. 
Of the thirty-four, the biggest single group is 
located at the home office in New York. The 
others are distributed among the various 
domestic and foreign bureaux. Los Angeles 
and Chicago, for example, each have four staff 
photographers; Washington and Paris, three 
each. 

Each staff photographer owns his basic 
equipment, but receives an annual amor- 
tization allowance. Many photographers own 
much in excess of their basic equipment, and 
the magazine also has a pool of equipment 
available to photographers working on assign- 
ment. 

Some magazine photographers take their 
place among the great journalists of this day. In 
covering news, when the magazine is neces- 
sarily faced with following the newspapers, 
besides trying for better pictures, emphasis is 
placed on comprehensive, analytical, penetra- 
tive reportage. A picture taken from a fresh 
angle may be the difference. Frequently, 
effective layout is the answer. 

Most photographers customarily work from 
a script presented by one of the magazine’s 
special departments (e.g., religion, science, 
modem living, fashion, etc.) into which the 
editorial staff is divided. This script presents, 
as clearly and specifically as possible, the 
reason for the story, major angles to be 
developed and, when possible or necessary, 
definite picture ideas. 


The script generally is merely advisory or 
suggestive. It gives the photographer a working 
basis for his story, but does not bind him to 
specific details (except in certain cases, such as 
a science or fashion story, where a particular 
point must be made in a particular way; and 
even in these instances the photographer may 
devise a better way). 

All departmental scripts are presented to the 
picture department and the picture editor holds 
daily meetings with his assignment staff to 
consider them. When a script is approved, it 
becomes the function of the picture editor, with 
the help of his aides, to select the photographer 
for the stop'. 

Depending upon the time and scene of the 
story, the picture editor makes every effort to 
choose, from among his available staff and 
freelance photographers, the right man or 
woman for the story being considered. Some 
photographers complain that, as a result, 
there is too much “typing” of photographers. 
This complaint certainly has some basis but 
does not take into account one prominent 
photographer’s comparison of photography to 
spaghetti: “It all depends on the sauce.” In 
this case, the “sauce” is the photographer’s 
style. 

Many magazine photographers consider 
themselves artists — and a few are. Better 
reproduction facilities permit a magazine to 
regard a photographer’s mental and emotional 
approach as much more important than the 
mechanical. A certain technical competency 
is assumed, but a technically poor picture 
which tells a story is preferable to a better 
quality picture which does not. 

Editorial Routine. A magazine photographer is 
generally accompanied on an assignment by a 
reporter, i.e., a researcher, a junior editorial 
worker who helps with arrangements and writes 
captions. Frequently the photographer never 
sees the pictures he takes until they are pub- 
lished. The film is sent by express delivery to the 
darkroom, where it is processed and delivered 
to the negative readers who edit the contact 
prints into story form; this is done with the 
help of the photographer and/or researcher, if 
either can be present, or from captions. Al- 
though most of the bureaux have their own 
processing facilities, the average story — in the 
interest of speed in handling — is sent to the 
central office, which returns a set of contact 
prints to the photographer. 

The photographer may have taken hundreds 
even thousands of pictures, of which only 
relatively a few have any chance of being used, 
even when the story is successful. This over- 
shooting has a definite purpose: greater 
selectivity. 

In the form it is presented to the editors for 
consideration and possible layout, the picture 
story is printed full scale on glossy, single- 
weight paper in sizes of 8 x 10 ins. or 1 1 x 14 
ins. for the more outstanding pictures. 
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A picture story ranges from a page and a 
half to the “photographic essay”, a major 
presentation, of usually seven to nine pages, 
either in black-and-white or colour, often with 
the photographer’s credit line. Because of the 
modern magazine’s page shape, the emphasis 
is on pictures which are composed, or can be 
trimmed, vertically. 

Normally, the magazine’s last black-and- 
white pages close four days before publica- 
tion. A black-and-white cover would have been 
selected a week before and the first pages of an 
issue usually close nine days before publication. 


The bulk of the colour pages are scheduled 
about nine weeks in advance, but up to six pages 
an issue may be allotted to “fast colour", with a 
normal sixteen-day closing. This development 
offers the opportunity of presenting stories, 
as well as single pictures in colour on a quick 
schedule. R.Md. 

See also: Freelance photography; Photo Journalism ; 
Picture series; Reproduction fees; Selling photographs. 

Books: How to Take Photographs that Editors will 
Buy, by R. Spillman (London); Pictorial Journalism, by 
L. Vitnay, J. Mills and R. Ellard (New York); The 
Technique of the Picture Story, by D. D. Mich and E. 
Ebcrman (New York). 


MAGENTA. Secondary colour, of a purplish- 
red shade, complementary to green. Sometimes 
also called minus-green — i.e., white with the 
green component removed leaving only blue 
and red. Magenta dyes are used in subtractive 
colour synthesis to colour the image formed in 
the green-sensitive layer of an integral tripack 
colour film. 

MAGIC LANTERN. Early name for a lantern 
slide projector. The term is still sometimes 
used by nen-photographers. 

See also; Projectors {still)- 

MAGIC PICTURES. One-time popular photo- 
graphic novelty. It consisted of a sheet of 
apparently plain paper on which an image was 
made to appear by warming the paper or 
breathing on it. 

One method of making such pictures was to 
bleach out a fixed, but not toned, albumen paper 
print. By pressing this into contact with a piece 
of cloth or blotting paper damped with hypo 
solution, the image could be made to reappear. 

See also: Obsolete printing processes. 

MAGILP. Mixture of linseed oil and mastic 
varnish, originally an oil-painter’s medium, but 
also used as a thinner in the oil and bromoil 
processes and for imparting a gloss to matt or 
textured surface bromide prints. Also known 
as megilp. 

See also: Doping prints. 

MAGNESIUM. Used as ribbon or wire to 
provide a cheap and convenient source of light 
for still photography and contact printing. The 
ribbon, 100 cm. of which weighs about 1 gram, 
can be lighted with a match. It bums with an 
intensely actinic light — and, unfortunately, a 
considerable amount of white smoke. 

As it oxidizes rapidly, the ribbon is stored in 
an air-tight box, just as much as required being 
pulled through a slit. 

The light from a given length is reasonably 
constant, so that an exposure can be repeated 
exactly by burning the same length of ribbon at 
the same distance. 


The exposure required for magnesium 
ribbon depends upon the weight of magnesium 
burned. 1 gram of ribbon (about 5 ins. of 
ribbon 1/12 in. wide) gives a light with a guide 
number of approximately 30 when used with 
a medium speed pan film. The approximate 
length of magnesium to give a fully exposed 
picture of a subject in a room with light walls 
and ceiling is shown in the table below. 

Where the length is too great to be handled 
easily, the ribbon can be roughly woven into a 
square mat and lighted at one comer. 

EXPOSURES FOR MAGNESIUM RIBBON 

Inches af Magnesium Ribbon Required at 
Distance Aperture f 8 

Feet Film Speed Film Speed Film Speed 

Slow Medium Fast 


5 (0 5 21 

10 30 15 74 

13 45 Ui Mi 


At one time, magnesium was also very 
commonly used in powder form as a consti- 
tuent of flash powder. A typical formula is as 
follows: magnesium powder, 6 parts; potas- 
sium chlorate, 4 parts; manganese dioxide, 
1 part. Flash photography is now nearly always 
done with flash bulbs or electronic flash. 

See also : Flash powder; Light sources. 

MAGNIFICATION. Relationship, usually re- 
presented by the letter M, between the size of 
the object photographed and the image of it 
formed by the lens. The sizes of the object and 
image are proportional to their distances from 
the nearer nodal points of the lens. If the image 
distance is v, and the object distance u, then 



Basic Equations. In normal photography where 
the object distance u is large compared with the 
image distance v, the image is very much 
smaller than the object and M is a fraction. 
For this reason the relationship between the 
two is often expressed as a reduction, r, which 
is the reciprocal of magnification — i.e., 

1 

r ” M 
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On the other hand, it is equally common practice 
to regard M as expressing the ratio of the image 
and object sizes without any implication of 
actual increase in size — i.e., when M is less 
than unity, the image is reduced: when it is 
larger than unity, the image is enlarged. 

The magnification can also be expressed in 
terms of the focal length,/, of the lens: 

Taking the fundamental equation for an 
object distance u and image distance v, 

1 = 1 + I 

F u v 

and multiplying both sides by v, then 


and since 


■G + i) 
G 


+ 1 


+ 1 


V 

M = - (above) 
u 

then 

(1) v = F (M 4- 1) 
and 

<2>»-?<M + 1)-f(i + I) 

These formulae for v and u are the funda- 
mental formulae of magnification and they also 
represent the relative separations that will 
produce a magnification = M. From them it is 



ENLARGER MAGNIFICATION. The relative positions of nega- 
tive and paper depend on the focal length of the lens and the 
magnification employed. With a given separation of negative 
and enlargement there are two lens positions at which a sharp 
image is formed; in one case an enlarged image, and in the 
other a reduced one (dotted lens). The factors are: f, focal 
length; M, magnification; N t and N„ nodal points. 
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possible to calculate every image and object 
size and the separation relationships encoun- 
tered in photography. Some typical examples 
are worked out below. 

(1) What is the maximum scale of reproduc- 
tion that can be obtained with a 6 ins. lens 
and a camera extension of 9 ins . ? 

(v — 9 , F — 6) 
from equation (1) 

9 = 6 (M + 1) 

therefore 



In other words, using the full extension, the 
negative image will be half the length or width 
of the object. 

(2) An enlarger has a maximum negative- 
lens separation of 5 ins. What is the smallest 
image it will give with a 3 ins. lens ? 

(u = 5 — since the negative is the “object” 

— F = 3) 

From the equation we get: 



therefore M = 1 -5. 

In other words, the image on the enlarger 
easel will be one and a half times as long or as 
wide as the negative. 

(3) A 5 cm. lens is to be used for macro- 
photography up to a magnification of 10 x . 
What total lens-film separation (v) must be 
allowed for? 

(F = 5, M = 10) 
from equation (1) 

v = 5 (10 + 1) = 55 cm. 

This (less the maximum extended length of 
the camera) would be the length of the exten- 
sion tube required to give an image enlarged 
1 Ox with the lens in question. 

In practice, the image and object distances in 
all the above examples must be measured from 
the nearest nodal point of the lens, and the 
distance separating the nodal points must be 
added to the over-all length of the resulting 
set-up. 

If the expressions for object and image dis- 
tances are added, the result vyill be the total 
separation of the object and image planes 
(neglecting the relatively small separation of 
the nodal points) — i.e., 

v + u = F (M + 1) + F(l + 

- f ( m + , + i+ h) 

- F ( M + R + 2 ) 

For any given total distance of v + u, there 
are two values of M that will satisfy the equa- 
tion. This simply means that there are two 
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MAGNIFICATION AND IMAGE SIZE. I . Image distance much 
smaller than the object distance; image greatly reduced. 
2. A long focus lens increases the image distance and thus 
yields a larger image. 3. Reducing object distance and in- 
creasing image distance also increases scale of reproduction. 
In all cases: u, object distance; v, image distance. 

possible positions of the lens which will give 
a sharp image; one which gives a magnified 
image, and the other reduced image. The only 
exception is where the lens is midway between 
the planes and M = 1 ; in other words, when 
the object and image sizes and the correspond- 
ing separations are equal. 

Magnifying Devices. The magnification of the 
image is decided by the ratio of the object and 
image distances, so any device that either 
shortens the object distance or lengthens the 
image distance, will increase the magnification. 
(1) The distance of the object from the lens 
can be shortened easily by bringing the lens 
closer to the subject. When this is done, to 
maintain sharp focus, the distance between the 
lens and the image plane must be correspon- 
dingly increased — e.g., by camera extension or 
by adding extension tubes. If the lens has a 
relatively long focal length, this increase will 
be considerable. To reduce the extension to 
practical proportions at large magnifications 
the focal length of the lens must be kept as 
short as possible, either by fitting another lens, 
orbyaddinga supplementary lens to the camera 
lens. 

For macrophotography up to a magnifi- 
cation of about 10 x, 5 cm. is the longest 
practicable length. In dealing with micro- 
scopic objects the lens may have a focal length 
as short as 1/12 in. and work almost in con- 
tact with the subject. 


(2) Where it is not practicable to bring the 
lens close to the subject, the magnification can 
be increased by increasing the lens-image 
separation — i.e., by using a lens of longer focal 
length or (up to moderate amounts) by adding 
a negative supplementary lens. In this case 
magnification is a relative term; in fact the 
image at best is generally still much smaller 
than the object, but it is larger than that given 
by the normal camera lens. 

The telephoto lens is a special case because 
it gives a magnified image without requiring 
any increase in camera extension over a normal 
lens. The explanation is simply that the con- 
struction of the telephoto lens brings the rear 
nodal point in front of the lens. As the image- 
lens separation is measured to the rear nodal 
point, the effective distance is much greater 
than the physical separation or the separation 
given by a normal lens. 

The magnifying effect of a telephoto lens is 
not quoted in terms of the ratio of image to 
object size; it is expressed as the power of the 
lens, a figure (written 2 x , 3 x and so on) that 
indicates how many times in linear measure- 
ment the telephoto image is bigger than the 
image of a normal lens with the same back 
focus. F.P. 

See also: Optical calculations. 

MAHOGANYTYPE. (Slang.) Facetious de- 
scription of the result of making an exposure 
without remembering to withdraw the dark 
slide. Current in the days when most cameras 
carried their sensitized material in the form of 
plates in wooden plateholders. 

MAKE-UP FOR PHOTOGRAPHY. Make-up 
serves the photographer in two ways; it elim- 
inates the need for most or all of the retouch- 
ing on the negative and print, and it adds to the 
attraction of the model. Make-up will obliterate 
patchy skin tones, blemishes and lines, and it 
can also change the shape of the whole face or 
of individual features. 

Corrective Make-Up. Corrective make-up is 
make-up applied to change the proportions of 
the face — e.g., to narrow a too-broad nose or 
jaw, or to remove a double chin. This is done 
by applying suitable highlights and shadows 
with make-up of the right colour. It is important 
to use make-up colours that look right to the 
sensitive material in the camera. 

Colours that merely look right to the eye 
may reproduce in a completely different tone 
in the photograph. 

It has become common practice for normal 
portraiture to use panchromatic films or plates 
in conjunction with the range of make-up 
colours specially produced for the purpose, 
such as Max Factor Panchromatic Make-up. 
The brightness of each shade of make-up 
colour is indicated by a number. 

A highlight is normally made three or four 
shades lighter than the foundation colour, and 
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APPLYING MAKE-UP. I. Apply basic shadows with make-up 
cake ( except eye shadow). Use brush for small areas, sponge 
for large ones. 2. Cover whale face with foundation cream. 

3. Apply highlights (under eyes, lines around mouth or nose) 
with wet brush, and blend into foundation with clean dry brush. 

4. Moisten eyelids with cream and apply eye shadow with 
finger tips. 5. Powder over make-up with powder puff. 6. Line 
eyebrows with e/^brow pencil and apply eye-lash make-up. Also 
make up lips using a suitable thin brush. 7. Rub shadow areas 
with finger tips (os applied In the beginning) to make them show 
up through the fdjndation. 9. Apply cheek rouge with a brush 
and blend carefully Into face tone. 


a shadow, three or four shades darker. For 
example, if the foundation colour or basic skin 
tone has been applied in 6N Pan-Cake, then 2N 
or 3N would be used for the highlight and 9N 
or ION for the shadow. 

Application of the Make-Up. The face to be 
made up must be clean, dry, and free from any 
grease or oil. The shadow areas are first filled 
in with Pan-Cake shadows; using a sponge for 
large areas and a brush for small. The sponge 
or brush is wetted, rubbed on the cake of make- 
up, and applied to the area to be shadowed. If 
the jaws are to be shadowed, they are dealt with 
first. Then nose shadows, if needed, are applied 
with a flat blending brush. 

Once the shadows are all filled in, the whole 
face is covered with the Pan-Cake foundation 
colour, completely concealing the shadows 
previously applied. 

If the make-up is used in stick form — e.g., 
Max Factor Pan-Stik — the foundation colour 
is put on first, stroking it on straight from the 
container. Highlights and shadows are applied 
afterwards with blending brushes or the finger 
tips. 

Pan-Cake highlights are next applied with a 
wet brush under the eyes and in the lines around 
the mouth and nose. The highlights are then 
blended into the foundation with a clean, dry 
brush. 

Eye shadow is next applied, the eyelids being 
first moistened with a little cream so that it will 
blend to an even tone. 

When the make-up is completely dry, it is 
lightly powdered and buffed all over with a 
powder puff to produce a smooth skin texture 
and remove surplus colour. 

The whole face is now brushed with a powder 
brush. 

To complete the make-up, the eyes are lined 
with pencil, eyebrows are made-up, eye-lash 
make-up is applied, and finally, lipstick. 

At this point the shadow areas are lightly 
rubbed with the finger tips. This makes the 
shadows appear according to the amount of 
rubbing, giving complete control of the final 
effect. Normally the shadows are tubbed until 
they are only just visible, in which state they 
will appear completely natural in the 
photograph. 

The general effect is enhanced by brushing 
dry rouge sparingly on to the cheeks; a light 
shade (Max Factor Light Tech.) for women, 
and a darker shade (Max Factor Dark Tech.) 
for men. 

This improves the modelling of the cheek- 
bones and adds sparkle to the eyes. 

Make-up that has been on for some time and 
lost its freshness may be restored by powdering 
over with a powder two or three shades lighter 
than the one originally used. 

A model with a dry skin can prevent cake 
make-up from looking dry and flaky by using 
an invisible foundation cream before making 
up the face. 
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MAKE-UP CHART. A, foundation ; determines the general tint of the complexion. This is also applied to all visible body portions 
(e.g., neck, shoulders, etc.). B, eyelash make-up; usually black for dark complexions, left untouched for light faces. C, pencil 
for erebrows and eyes. D, eye shadow. E, highlights (under eyes, also around mouth and nose; generally applied with a wet brush, 
and blended into the foundation with a dry brush). F, shading; often applied initially underneath foundation, the latter then being 
rubbed away to bring up the shadows. G, lip-stick or lip paint; may be applied with a brush. 


MAKE-UP FOR BLACK-AND-WHITE PHOTOGRAPHS (ON PANCHROMATIC MATERIAL) 


WOMEN 


MEN 



Highlight 

Foundation 

Shadow 

Highlight Foundation 

Shadow 

Pan-stik or 

2N or 3N 

6N 

9N 

SN or 6N 9N 

1 IN 

Pan-cake or 

2N or 3N 

6N 

9N 

SN or 6N 9N 

1 IN 

Grease paint 

2N or 3N 

6N 

9N 

SN or 6N 9N 

1 IN 

Face powder* 

Tech. Special or 26 


•Tech. Special or 29 


Lining (eye shadow) 
Pencil 

6 or 22 



22 


Brown or black 


Brown or black 


Moist rouge 

No. 2 or 390A Light 


T-3 or 22 lining 


(lip pomade) 






Eyelash make-up 

Black or brownish-black 


Optional 


Dry rouge (optional) 

Light Tech. 



Dark Tech. 


*Tech. Special face powder is a neutral shade and will not change the colour of the foundation. 


25 or 29 will add more intensity to the colour of the ‘ 

oundation. Either powder may be used according to individual taste. 



MAKE-UP FOR 

COLOUR PHOTOGRAPHY 




WOMEN 


MEN 



Fair 

Medium 

Dark 

Medium Dark Tan 

Deep Tan 

Pan-cake or Natural 2 

Tan 1 

Tan-rose 

Tan 2 Light Egyptian 

Dark Egyptian 

Pan-stik Olive 

Deep olive 

Natural tan 

Golden tan 66SF 665G 

66SI 

Powder IA 


IA 

Olive 

Summer tan 



Creme rouge 
Dry rouge 
Shadow 
Lipstick 
Moist rouge 
Eyebrow pencil 
Eyelash make-up 


Raspberry 

Raspberry or Blondeen 
Brown or grey 
Clear Red or See Red 


Raspberry (optional) 
Raspberry or Blondeen 
Brown 


Brown or black 

Brown, brownish-black or black 


T-3 or dark technicolour 
Brown or black 


Apply lipstick generously and do not blot off excess. Lips turn orange if too little is applied or if excess is blotted off. 

For pink tone: Pink Secret and Pinki rouge. For mauve tone: Pink Velvet and Pinki rouge. 

For outdoor shooting, use cheek rouge over a larger area on cheeks to prevent loss of colour, especially if reflectors 
are used. 
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Photographic Make-up KJt. The following list 
gives the composition of a suitable kit for 
photographic make-up. 

3 Pan-Cake, Pan-Stik or S.S. Grease (one 
for base, one for highlighting and one for 
shadowing). 

1 White Lining (No. 12) 

1 No. 6 Lining (dark grey) 

1 No. 25 Face Powder 
1 Moist Rouge (No. 2 Special) 

1 Eyebrow Pencil 
1 Eyelash Make-up 
1 Cleansing Lotion or Cream 
1 Skin Freshener 
1 Powder Puff or Powder Brush 
1 Lip Brush 
1 Sponge 


If colour film is to be televised in black-and- 
white, use a minimum of cheek rouge. It is 
suggested that the foundation colour chosen for 
each individual be a shade darker than the 
normal skin tone. M.F. 

Book: Photographic Make-up, by J. Emerald (London). 

MANLY, THOMAS, 18??-1932. English 
photographer. Improved in 1898 the Marion 
transfer process for gum-bichromate pigment 
prints and patented it under the name Ozotype. 
In 1905 he described his Ozobrome process in 
which a gelatin silver bromide image is trans- 
ferred by contact to a pigment paper. From this 
H. F. Farmer worked out the carbro process 
(1919) which was put on the market by the 
Autotype Company. 


MANUSCRIPTS AND OLD DOCUMENTS 


Normal document copying is carried out 
with special permanent equipment. But the 
photographer who is interested in copying old 
and rare documents in museums, libraries, 
churches, and private collections, almost always 
has to go to his subject and photograph it 
under unfavourable conditions with the equip- 
ment that he takes along with him. This is a 
special field of photography, and even of docu- 
ment photography. 

Typical subjects include old photographs, 
maps, plans, drawings, etchings, printed books, 
and manuscripts, each presenting a different 
problem, and needing to be treated in a differ- 
ent way. Usually the photographs are required 
for illustrated articles or books on the subject 
they depict, as examples of a period in art or 
history, or for study and records. These sub- 
jects are usually found in public or private 
collections — and anyone privileged to photo- 
graph them should treat these old collections 
with the greatest of care, first because they are 
usually unique and for that reason above price, 
and secondly in fairness to other photographers 
who may follow. 

Equipment. Sharpness and detail are most 
essential f or this type of photograph. And while 
there is much to be said for the miniature 
camera, a 8 x 10 ins. or whole-plate camera 
is the most suitable for this sort of work— pre- 
ferably of the square-bellows, back-rack-and- 
pinion focusing type. 

For good definition, an anastigmatic lens of 
fl-1 at full aperture is all that is required 
as the subject is still and can be given a long 
exposure. 

The most convenient focal length depends 
on the scale to be copied. Often a same-size 
picture is required; sometimes an even larger 
scale is wanted. 

The following table indicates the camera 
extension necessary for various scales of repro- 
duction : 


SCALE AND CAMERA EXTENSION 


Lens-to-Film Distance 


Scale of Image 

i more than focal length 

= 

i object size 

$ more than focal length 

= 

i object size 

double focal length 

= 

same size 

3 times focal length 

— 

twice scale 

A times focal length 

= 

3 times scale 


Filters are essential for copying coloured, 
tinted, or faded originals. A 2 x yellow and if 
possible a tricolour set of four should be in- 
cluded in the equipment, preferably of gelatin 
sealed between optical flats. The filters are best 
held behind the lens in a three-sided frame 
screwed or clipped to the lens panel. Final 
focusing should always be done with the filter 
in position, to avoid errors due to possible 
lens aberrations. 

Because of the need for accurate focusing, a 
magnifier is most necessary — either one of the 
proprietary instruments or one of the linen 
tester type which does a good job of work and 
has the advantage of being waistcoat-pocket 
size. 

An ordinary tripod should be avoided if 
possible because the camera must be dead 
square with the original, and even when the 
tripod has rubber feet it is an awkward thing to 
set accurately on a polished floor. The most 
useful thing is the centre pillar type of stand. 
This means extra weight to carry around, but 
the legs are completely adjustable for uneven 
surfaces and the head can be set to the exact 
height required with the turn of the handle. The 
tilting top also gives any angle required — even 
vertical — which means that the subject can be 
laid flat on the floor and photographed from 
above. 

Odd items of equipment that are useful for 
this work include; drawing pins, household 
pins (including very large ones if possible), 
strong tape about i in. wide (bookbinder’s 
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HOLDING OLD DOCUMENTS. Two lengths of tape (ot top and 
bottom ) are pinned to an easel and long pins stuck through 
the tape to press flat against the document. This holds the 
document securely in position without any risk of damage — 
an important point with old manuscripts. 

tape is ideal if obtainable), a pair of clamps and 
at least four large bulldog clips with strips of 
chamois leather stuck over the jaws to prevent 
damage and grip more firmly; a couple of 
wooden wedges, about four inches long, one 
inch wide, and about one inch at the thick end, 
are useful for levelling; a length of good stout 
string and a pocket tape measure for checking 
distances. At some time all these items will be 
needed in setting up the various subjects dealt 
with. Improvisation is a valuable art. 

The photographs may be taken on plates or 
film. The normal subject will usually be 
covered by a slow panchromatic or ortho- 
chromatic material, but sometimes a process or 
pan-process is better. This does not mean that 
all these types have to be carried around. It is 
nearly always possible to find out in advance 
which will be needed. 

Setting Up. This is the operation that calls for 
improvisation. A given subject may be un- 
mounted and it may not be permissible to stick 
pins through it. Even so it has to be placed so 
that it may be photographed. In the studio this 
can be done on an easel ; away from home, any- 
thing flat that drawing pins can be stuck into — 
e.g., the side of a large carton, a wooden box, or 
even a pastry board — will do. Two pieces of 
tape are placed tightly across this easel in a 
horizontal position with two drawing pins at 
each end (one always comes out at the wrong 
moment). The distance between the tapes should 
be about J in. greater than the height of the 
subject. Household pins are then pushed 
through the tape bringing the points toward 
edges of the subject to be photographed until 
the tip of the pins just press flat against it. One 
pin in each comer (and another in the centre of 
the tape if the subject is large) will hold the 
subject without damage, while the ends of the 
pins — if they show at all — can easily be touched 
out on the negative. 

For a book or manuscript page, a board as 
above is required, the book being opened at 
right angles with the page to be photographed 
in a vertical position against the board. Two 
or three tapes are pinned to the board across 
the vertical portion of the book, one or two 
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pages behind the one to be photographed, the 
upper tape being about one inch from the edge. 
The page or folio to be copied is then laid 
open and clipped to those held by the tapes 
with a bulldog clip at each comer. To get the 
page to lie flat, as the clips are being fixed at 
each comer, place a piece of clean paper over 
the page to prevent rubbing or contact with 
the hand and gently press from the centre of the 
book diagonally towards each comer to remove 
any trace of a bulge. If the horizontal page not 
being taken tends to get in the way, tape will 
hold it down. A piece of black paper should 
always be laid on this page to cut out reflected 
light and prevent uneven illumination At 
home, a flat subject is best held in an old print- 
ing frame, or, if it is a book, in one of the 
special bookholders made for the purpose. 
Finally the wedges are used to set the easel 
absolutely vertical in all aspects. 

Lighting. With flat subjects lighting presents no 
special problems. A pair of lamps are the best 
source since it is risky to rely on daylight. The 
lightweight music-stand type of lighting stand is 
excellent. For the light source, three 200 watt 
lamps (one spare) of the interior sprayed type 
are suitable. A length of cable and an assort- 
ment of plugs and adapters should always be 
carried. 

When working away from home it is as well 
to find out in advance the voltage where the 
work is to be done. 

One lamp should be placed on either side of 
the camera and spaced according to the size of 
the subject to give even illumination over the 
whole surface. Great care must be taken to 
avoid reflections from subjects with shiny 
surfaces; if the lamps are placed too close to 
the camera there is a danger of reflection from 
the lamps on the surface of the subject. If 
reflections do appear, the lamps must be moved 
out sideways until the reflections vanish. 

On the other hand, with an uneven or cockled 
chart or map, the lamps should be placed as 
close to the camera as possible to avoid shadows 
from the irregularities in the surface. 

The lamps must never be placed so close to 
the original that the heat from them will cause 



HOLDING OLD BOOKS. The book page to be copied is set up 
vertically against the easel, taped down a few pages behind the 
one required, and the latter clipped with bulldog clips. The 
horizontal page not being taken is also taped down. 
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the subject to curl, as, apart from the risk of 
damage, there is the possibility of the subject 
moving during the actual exposure. 

Exposure. Hard and fast rules cannot be laid 
down and much depends on experience. There 
are so many factors to be considered — type 
and colour of original, reduction scale, type 
of plate, and lighting — that each subject must 
be decided on its merits. Even with an exposure 
meter, allowance must be made when the 
subject is close. When copying close up, the 
exposure indicated by the meter should be 
multiplied by 

(camera extension)’ 

(focal length of lens)’ 

to arrive at the correct exposure. This is usually 
more convenient than recalculating the /- 
numbers, which alter when the lens is used at 
greater than normal extension. 

For example: if the meter indicates an expo- 
sure of 10 seconds at a particular stop when 
photographing same-size with a lens of 8 ins. 
focal length (when the camera extension would 
be 16 ins.) the correct exposure would be 
10 x 16’/8’ = 10 x 4 = 40 seconds 
Old Photographs. These may be of any colour 
from a good glossy black-and-white to a faded 
yellow ghost image, or even a combination of 
both. They may be flat, curled, or even badly 
cracked and crumpled. In this case, it is as well 
to try to persuade the owner to allow the 
picture to be pressed or even reglazed. If 
reglazing is undertaken the print should be 
given a light wipe over with cotton wool 
moistened with carbon tetrachloride to remove 
any greasy fingermarks. 

For faded yellow prints or daguerreotypes a 
slow process or fine-grain ordinary plate will 
often work wonders. Orthochromatic plates 
are usually good for copying the black-and- 
white and brown tones. Pan plates and a 
yellow filter are needed for the old red-toned 
P.O.P. subjects, and really dark brown or red- 
brown prints, like dark oil paintings, should 
always be given a little more exposure than 
seems necessary. 

Maps and Plans. These may be printed in plain 
line, coloured or tinted. The technique will 
depend on the colour to be brought out, and 
its background. In most cases a pan plate with 
a filter the same colour as the background will 
produce the desired effect. If the subject is 
badly stained, but the aim is to reproduce 
mainl y the drawing then a pan-process plate 
and a red filter are called for. 


If a map has to be taken in sections and 
the resulting prints joined together, the correct 
technique to avoid difficulty in matching up at 
the joins is as follows : take the first half, then 
turn the map upside down and take the second 
half, without moving camera, focus, or easel. 
Take four quarters in this order: top left 
quarter, bottom right quarter; reverse map; 
take top right quarter, and finally bottom left 
quarter, keeping the map on the same plane 
and moving nothing else. A slight overlap 
should always be allowed at all joining edges. 
Manuscripts. Manuscripts to be copied may be 
paper or vellum and of these, those on vellum 
usually present the most difficulty. Often they are 
highly illuminated with a large amount of beaten 
gold leaf ornamentation. A fine gradation pan 
plate with a 2 x yellow filter will give adequate 
colour correction. For the gold leaf, the secret 
is to capture sheen without shine, and a little 
manoeuvring of the lamps is usually all that is 
necessary. Most owners of this type of manu- 
script forbid the use of glass, over illuminations 
because of the risk of damage. 

Vellum often contains holes which need 
backing up with white paper. It is important 
for the backing paper to cover the whole page 
or it will show through as a light patch. 
Vellum is also sometimes slightly transparent, 
and allows any writing to show through from 
the back. A sheet of black paper behind it will 
often help, but it will darken the whole sheet 
and the exposure must be increased accordingly. 
Lastly, one side of a sheet of vellum is often 
very different in colour from the other and if 
several folios are being taken, it may be neces- 
sary to allow for this by varying the exposure. 
Processing. Normal processing techniques will 
cover most of the subjects mentioned above. 
Either contrast or normal developers are appro- 

{ iriate. Tank development may be used for a 
ong series of similar subjects but dish develop- 
ment should always be employed for the more 
special ones. After two-thirds of the normal 
development time has gone by, the appearance 
of the image should be checked visually. The 
finished print is intended to reproduce the 
original faithfully and in some cases to bring 
back to vivid life an image that is fading away. 
A glance at the right moment will show whether 
to give a little extra development to increase 
the contrast or to stop before losing a delicate 
tint present in the original. D.A.W. 

See also : Paintings and drawings. 

Book: Document Photography, by H. W. Greenwood 
(London). 


MAPPING. One of the most useful applica- 
tions of ground photography from the air is 
in the production of maps by scientifically plan- 
ned survey flights. This is one of many photo- 
graphic methods of recording measurements. 

See alao: Aerial survey ; Photogrammetry. 
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MAREY, ETIENNE JULES, 1830-1904. 
French physiologist. About 1882, attempted 
to use photography to analyse animal and 
human movements. Muybridge and Marey 
kept one another acquainted with their 
experiments and Marey invented a whole series 
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of methods for registering complicated and 
fleeting physiological actions, notably the 
ophygmograph for heart action, a photographic 
gun for talcing serial pictures of birds in flight; 
and in 1887 his “chronophotograph” ; the 
second model, designed by Marey and Demeny 
in 1890, used flexible film and is a forerunner 
of the modem cinematograph camera. In 1892 
Demeny and Marey devised the Phonoscope, a 
projection apparatus for synthesizing motion. 
Marey also invented slow motion cameras 
(700 images per second in the 1894 model). 

MARINE PHOTOGRAPHY. The sea and its 
harbours and traffic of ships, yachts and small 
boats offers a wealth of subjects to the photo- 
grapher. All these subjects are apart from 
ordinary photography as the sailor is apart 
from those who live and work ashore. 

The photographer’s approach to marine 
subjects is essentially pictorial; if his results do 
not convey something of the poetry of the 
sea and the drama of the life afloat, then he 
will have missed the most significant feature. 
Cameras. The most convenient type of camera 
for marine photography is the miniature, but 
it does not necessarily produce the best pictures. 
It is small, which is an advantage when moving 
around in small boats, and it will make a series 
of pictures in rapid succession — a useful point 
when following groups of small racing yachts. 

Then, although there is no difficulty in 
filling the small viewfinder of a miniature when 
standing on shore, it is not easy to do it 
accurately afloat. A slight error in lining up the 
subject may call for serious cuts in the picture 
area to get the horizon straight again in the 
print 

Finally, the negative given by the miniature 
is uncomfortably small, and when it is en- 
larged to a reasonable size, such valuable details 
as the delicate tracery of rigging and the texture 
of a bellying sail are apt to disappear. 

For the serious professional a quarter-plate 
or even a 4 x 5 ins. camera is a more satis- 
factory instrument. The smaller amount of 
enlargement required for the bigger negative 
means that the essential detail can be pre- 
served even when the subject and camera may 
both be moving. 

Whatever type of camera is used, it must 
have a direct vision finder. It is extremely 
difficult to stand up in a boat and look down 
into a reflex or waist-level finder. With a direct 
finder, the eye observes the subject naturally 
and there is no difficulty in maintaining balance. 
It is always wise to allow a margin around the 
subject in the viewfinder so that the picture 
can be trimmed to make the horizon level. This 
tell-tale horizontal line in marine pictures 
shows slight errors in lining up that would 
never be noticed in a normal photograph. 

The shutter must be speeded to at least 
1 /5 00 second for taking photographs of ships 
and yachts from another boat. It must be 


remembered that the camera is on a moving 
platform. (The fastest sailing boat never 
moves at more than 14 to 16 knots. At this 
speed, an exposure of 1/100 second would 
suffice to arrest the movement if the camera 
were operated from a steady platform, but a 
much higher speed is called for when the picture 
is being taken from another boat.) 

One final essential is a really deep lens hood. 
This serves the double purpose of protecting 
the lens from flying spray and cutting off stray 
reflections from the surface of the water. 

Filters. A good range of filters is an advantage 
because of the great variation of tone in sea 
and sky. It is very easy to under- or over- 
correct, and any errors show up immediately. 
When photographing sails against the sky, 
they must appear in their true tone relationship. 
Seascapes generally need more correction than 
landscapes, but too deep a filter kills atmos- 
phere and loses the beauty of soft gradation. 

A pale green filter and a series of yellow (pale, 
medium and deep) cover all the normal require- 
ments of the marine photographer. The most 
convenient form of filter holder is the type 
that screws into the back of the lens hood; in 
small craft the photographer must be pre- 
pared to “step lively” and a slip-on filter is 
apt to fall off in the proass. 

Sensitized Materials. The miniaturist should 
use nothing faster than a medium speed pan- 
chromatic film so that he can retain the 
advantage of fine grain. In summer the light 
may occasionally be strong enough to use a 
slow panchromatic film where there is not a 
lot of subject or camera movement, but 
generally it is wiser to use the faster film and 
cut down the exposure time. The user of a 
quarter-plate or 5 x 4 ins. camera can afford to 
stick to the fastest panchromatic plates because 
at the normal scale of enlargement the coarser 
grain will not be troublesome. 

Seascapes. The light at the seaside is very rich 
in actinic rays and the scene is mainly made up 
of blue sea and sky and light-coloured stretches 
of sand. So everything makes for very short 
exposures. It is usually advisable to give one- 
half to one-quarter the exposure that would be 
given to a normal subject inland. 

Photographs taken on the open sea call for 
even shorter exposures — one-quarter to one- 
eighth of the exposure for a normal inland 
view. 

Breaking waves and moving water generally 
should be photographed at a shutter speed 
slow enough to show a slight blur — i.e., at not 
more than 1/200 second. A faster shutter 
speed than this arrests the movement com- 
pletely and makes the water look stationary 
and “frozen”. 

Flat lighting is useless for catching the 
sparkle of the spray and breaking waves; the 
right time to take such pictures is when the 
sun is shining across, or even slightly towards 
the subject 
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Seascapes call for careful development: over- 
developing burns out the delicate highlights — 
e.g., of sunshine on white sails and hulls. A 
soft-working developer and a leaning towards 
under- rather than over-development gives 
the right sort of result. 

Harbours. Ports and harbours offer a choice of 
subject material of such variety that it is im- 
possible to give any general guidance. Since 
the water is still, however, it is always worth 
while to study the reflections of ships and 
spars and cordage for possible pictures. And 
the subject, whatever it is, should be simplified 
as far as possible. General views of harbours 
and craft are apt to be very confused and busy 
with distracting detail. Exposure should gener- 
ally be based on the shadows. 

When boats are packed tightly together in a 
harbour, a higher viewpoint will help to sort 
out the general effect of confusion. Side or back 
lighting also helps to separate the craft more 
and prevent their details merging. 

There is nearly always plenty of activity 
worth photographing in harbours. Jobs such as 
the cleaning of boats or repairing of fishing nets 
are part of the everyday life in some harbours, 
and as such are an essential part of the atmos- 
phere. 

Equally important as subjects are the local 
characters to be found in many harbours. It is 
usually better to photograph these people by 
candid techniaues rather than to ask them to 
pose. 

Yachts. Sailing boats at sea form the most 
attractive of all marine pictures. These are 
subjects that can be found at every seaside 
resort, but the best opportunities occur where 
there are regular regattas. For the few shillings 
that it costs to hire a small motor launch, the 
photographer can make his own choice of 
groups or single boats, on a long tack with the 
lee-scuppers awash, or sailing before the wind 
with spinnakers hoisted and the crews taking 
it easy. But do not forget that powered vessels 
must, if necessary, give way to yachts. 

Small boat sailing is a highly popular pastime 
and all around the coast weekly regattas are 
held by the various yacht clubs. It is not un- 
usual to see starts of twenty-five to thirty ships 
on the Solent, the Clyde, and many seaside 
towns, so the photographer who wishes to 
specialize in this type of subject never need 
travel far to find his material. 

If the photographer is working from a small 
boat, he will be unable to keep up with the race 
and should take up a permanent position 
either at the start or somewhere along the 
course where the yachts can be expected to sail 
fairly close. A point on the course is generally 
to be preferred as small boats are apt to be 
regarded as a nuisance around the start. 

Sunshine is essential in yachting pictures; 
without it, the sails instead of looking white 
and sparkling will look drab and dead. There is 
no particular angle from which yachts look 
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best, but when a boat is lying well over it is 
better to be on the lee side so that the picture 
will show the deck and crew and not just the 
bottom of the hull. 

So long as the photographer can get as 
close to the subject as he wishes, there is no 
point in using a long focus lens. A normal 
angle lens fairly close to the subject increases 
its size in proportion to the background 
whereas a long focus lens makes it look less 
imposing in proportion. 

Shooting from a small boat is a knack that 
has to be learned. The photographer must 
stand with feet apart in line with the direction 
of the motion of the boat. He must keep his 
balance without supporting himself against a 
mast or the gunwale because that would in- 
crease the movement of the camera. And al- 
though the lens hood will keep a certain 
amount of spray off the lens, the camera should 
be held in the lee of the body except when 
shooting. 

The best advice that can be given to anyone 
who contemplates taking photographs from a 
yacht during a race is — don’t. At such times 
anyone but a working member of the crew is 
unwelcome, and in any case passengers have 
their work cut out in keeping out of the way. 
Subject Contrast. Photographs near or on the 
sea tend to be excessively contrasty because of 
the brilliance of the light and the absence of 
reflected light in the shadow areas. The contrast 
can be reduced by exposing fully and cutting 
the development time, or by using a soft- 
working developer. 

It is not possible to reduce the contrasts of 
scene by providing a reflector to throw light 
into the shadow areas. But the same effect can 
be arrived at by taking the photograph on a 
day when there are large masses of sunlit 
white cloud in the sky. At such times the con- 
trasts of the scene are very much lower than 
when the brilliant sun shines out of a cloudless 
blue sky. 

ExjMHure. The only safe guide to exposure with 
subjects at sea in sunshine is an exposure meter 
and even that must be checked by experiment 
before the reading can be accepted. On an 
average sunny day, exposure on a fast pan film 
with a medium filter will be of the order of 
1/100 second at/ll, but it will vary according 
to conditions to considerably more or less than 
this figure. 

Finally, as both sand and salt water are bad 
for fine mechanisms and exposed metal, the 
camera should be kept covered up or in its case 
and taken out only for the shortest possible 
time when it is absolutely necessary. F.W.B. 

See also: Seaside; Underwater Photography. 

MARKING UP. Technique of indicating final 
size and other details (cutting, retouching, etc.) 
on an illustration to be reproduced for block- 
making or other purposes. 

See also: Scaling for reproduction. 
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Photographic masking of any kind is essen- 
tially the technique of interposing a mask — 
something which will reduce the quantity of 
light — in the path of the light forming an image 
and thus modifying the photographic result 
As a simple example, holding the hands, or a 
piece of card, over part of the image in an 
enlarger for part of the exposure, masks the 
print. However, it is more usual in these days 
to limit the terfti to the use of a photographic 
image for that purpose and to use the word 
mask whether the image is positive, negative, a 
colour separation record or, indeed, a coloured 
record. 

MONOCHROME MASKING 

The method is used in this case almost in- 
variably to reduce contrast, although not 
necessarily over the whole of the image. Con- 
sider the simplest case; a negative may have a 
good tone range, but too high contrast for 
convenient printing on the required material. 
The way to solve the problem is to make a very 
weak and soft, but full-toned, positive contact 
print from the hard negative on another plate 
or film. When dry, this is bound into contact in 
accurate register with it. The mask will then 
tend to cancel out the negative and it will have 
the effect of considerably reducing the contrast 
of the negative, which may be very useful. 
Selective Masking. In industrial photographs 
where often a machine, or other object, has to 
be photographed in a workshop against an 
obtrusive background, masking is a useful 
alternative to blocking. It permits the pre- 
sence of the other machines to be shown in 
subdued tones. 

The method consists of painting out the 
machine with opaque on the original negative. 
This is then contact printed on a plate and 
under-developed so that only the shadow tones 
of the background machines are weakly 
recorded. When the mask is dried and bound 
back in register with the negative (from which 
the opaque has been washed off), it prints 
with the shadow tones of the background 
reduced in weight. The background is still 
visible but is less obtrusive and the important 
machine stands out satisfactorily. The mask 
can be made to a suitable density to cancel 
out the background to any required extent. 
Masking for Tone Control. Often the important 
tones of a photograph lie at the highlight end 
of the range (a bridal dress, for example) or at 
the shadow end (a railway engine, for example). 

The negative of a predominantly light toned 
subject will usually record the highlight detail 
best on a more contrasty grade of bromide 
paper, but the shadow tones are then much too 
black. This can be overcome by masking the 
shadow tones by means of an under-exposed 
mask which records only the lower end of the 


range. A print is then possible on the more 
contrasty bromide paper which stretches out 
the highlight range considerably. Of course 
there is a commensurate loss of shadow detail, 
but at least the shadows are no longer too dark 
and the gain in highlight quality can be quite 
remarkable. (Uneven flattening in tone range 
can even be an advantage in some cases.) 

At the other end of the scale, boosting the 
shadow quality is best tackled in two stages. 
The initial negative of the subject should be 
fairly soft and thin; that is to say, fully ex- 
posed and not fully developed. 

The first stage of the masking operation is the 
production of a fairly soft contact positive on 
film of much the same quality as used for high- 
light improvement above. When that positive 
is dried a plate is exposed against the back of 
it and developed to produce a soft and very 
thin laterally reversed negative having detail 
in the shadow tones and an over-all even 
density of about 0 3 in all lighter tones. When 
the negative mask is bound up in register 
with the original negative the shadow tones are 
emphasized by the mask and all higher tones 
are evenly raised in density. There is thus a gain 
in total density range and the gain in quality is 
all in the lower end of the tone scale. This is an 
exception to the generality of masking effects 



MASJC/NG F9R CONTRAST. I. A very contrasty negative may 
not record all tones on printing paper (limited contrast range 
shown by height of '‘staircase”). 2. To overcome this a low- 
contrast positive is made. 3. This is bound up with the negative, 
and reduces the tone range, enabling the paper to reproduce 
all the tones within its awn contrast range. 
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MASKING FOR TONE CONTROL. I. Contrasty negative may 
record full tone range on soft paper, but result looks dull. On 
normal paper rendering is better, but some tones ( e.g ., 
shadows) ore lost. 2. A low contrast positive mask of shadows 
only Is made. 3. Bound up with the negative, this compresses 
shadow gradation without flattening highlights. Uneven com - 
presslon of tone range yields better print , 

because of the increase rather than decrease in 
density range; it works very well in practice. 
Unsharp Masking. Most masking methods may 
be used with sharp or unsharp masks. It is 
claimed that unsharp masks improve the 
rendition of detail, which may seem a contra- 
diction. What happens is that the blurred out- 
line of the unsharp mask (“thickened” would 
be a better term) tends to cancel the slight 
blurring of the outlines that is present even in 
a nominally sharp negative. In effect it outlines 
each small piece of detail so that it does, in 
fact, become more plainly visible. In practice 
the visual effect is a general one of apparently 
greater sharpness; the outlining is too delicate 
to be seen in detail with the naked eye. 

A suitable method of making the mask is to 
use a fairly small light source and to suspend 
it, at an angle, some distance above the contact 
frame in which the mask is printed. A thin 
sheet of transparent plastic (a spacer) is used 
between the negative or positive from which 
the mask is being printed. The printing frame 
revolves on a rotating table throughout the 
exposure. 

COLOUR MASKING 

Any colour print or transparency can be 
masked, when it is copied, in any of the ways 
described for monochrome masking above, but 


there is also the possibility of colour masking 
which offers considerable advantages in im- 
proving the colour reproduction and com- 
pensating for deficiencies in the colours used. 

In theory, the yellow, magenta-red, and 
cyan-blue tricolour printing colours forming 
the image of a colour transparency or colour 
print should each perfectly transmit (or reflect) 
two-thirds of the spectrum of white light. The 
yellow should transmit the whole of the green 
and red from about 4,900 Angstrom units to 
the limit of vision in the red (afound 6,800 A.), 
completely absorbing the remainder. The 
magenta-red should transmit the whole of the 
blue and the whole of the red from before the 
beginning of the blue (around 4,000 A.) to 
about 5,100 A., and from about 5,900 A. to 
about 6,800 A. at the visual end of the red, 
with a gap of absorption between them. 
Finally the cyan-blue should transmit the 
whole of the blue and green from about 4,000 
A., to about 6,100 A. at the beginning of the 
orange-red, absorbing the remainder. 

Unhappily only the yellow printing colour 
is really efficient; the magenta-red is fairly 
efficient in its red transmission, but very poor 
in the blue, also it does not absorb green as 
well as it should. The cyan-blue transmits 
blue only fairly well and green poorly; indeed 
that is the reason why magenta is commonly 
called “red” for it is not blue enough and 
cyan "blue” because it is not green enough. 
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SHARP AND UNSHARP MASKING. Left: Sharp mask. I. Mask 
made by contact exposure. 2. Negative and mask bound up. 
3. Resultant density reduced. Right: Unsharp mask. I A. Mask 
exposed with spacer between negative and positive. Blurred 
mask ou lines larger than on negative. 2A. Negative and mask 
bound up. 3A, (Density reduced; blurred mask outlines also 
cancel slight edge blurring of negative image, resulting in 
an appearance of increased sharpness. 
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One might suppose that a magenta-red might 
be improved by adding blue to it, but that 
would reduce the red reflection and cannot be 
done. For much the same reason cyan-blue 
cannot be much improved. There are better 
magentas and cyans, but unfortunately they 
are fugitive and cannot be used. 

In terms of percentage, on a basis of calling 
the total amount of blue, green and red 
reflected by good white paper 100 per cent of 
each, an excellent yellow may transmit 90 
per cent each of green and red. However, 
magenta-red transmits 90 per cent of red and 
less than 40 per cent of blue, while cyan-blue 
transmits less than 75 per cent of blue and not 
more than 50 per cent of green. It is basically 
for this reason that the colour printings of any 
colour reproduction need to be colour cor- 
rected either by hand or by colour masking. 

The colour Alters used to take the colour 
separations or the responses of the three 
layers of transparency materials are qualita- 
tively quite efficient and their quantitative 
faults can be dealt with by increasing the 
exposure time or the sensitivity of tripack 
layers; it is the printing colours which are the 
difficulty. 

These deficiencies can be compensated by 
increasing the density of the corresponding 
negative image portions responsible for that 
colour. Thus a positive mask from the red 
filter negative will correspond to a cyan 
density. When bound up with the green filter 
negative this will make up for the shortcomings 
of the cyan in the original transparency as 
recorded on the green filter negative. 

Similarly a weak positive mask from the un- 
masked green filter negative corresponds to a 
magenta density, and when bound up with the 
blue filter negative will make up for the lack of 
magenta as recorded on that negative. 

In general, therefore, it may be said that, 
whether one is masking negatives or positives 
(with positives or negatives respectively) a 
mask from the red filter record is bound up 
with the green filter record and a mask from the 
green filter record is bound up with the 
blue filter record. The red filter record is 
rarely masked (or perhaps "self-masked” with 
a record from itself to keep the density range 
constant with the others). If the red filter 
record is colour masked at all it should have 
an extra weak mask made from the blue filter 
record. 

Colour Masks In Practice. Amateur photo- 
graphers are likely to use colour masking only 
when making colour prints from colour trans- 
parencies. For that the method is most valuable 
because transparencies are almost invariably 
too contrasty for direct colour separation 
negative making and i> addition require 
colour correction. The Murray contact masking 
technique usefully serves both purposes. In 
essence it requires the following stages. 



COLOUR MASKING I. Transmission of Ideal magenta , 
I A. Corresponding spectral density of green filter negative. 
2. Actual magenta dye. 3. Theoretical modification required to 
add to dye transmission. 3A. This corresponds to a weak posi- 
tive from the red filter negative. 4 A. Red filter positive added 
to green filter negative, yields approximately result I with 
an imperf ect dye of characteristics 2. 

(1) A highlight mask (necessary if there is 
bright highlight detail): a film to film contact 
negative print is made from the transparency, 
on a contrasty panchromatic plate (usually 
with a red filter, or low wattage bulb and no 
filter). This is so under-exposed that only the 
top highlight records at a density of the order 
of 0-4, as read on a densitometer. When that 
highlight negative is processed and dry the 
transparency is bound into accurate register 
with it by means of cellulose tape. After that 
the colour masks are made by contact printing 
them from the sandwich. 

(2) The colour masks: the transparency 
being bound, film down, upon the highlight 
mask, a contact colour mask is then made by 
exposing a normal contrast panchromatic 
plate in contact with the back of the trans- 
parency. The printing frame should stand on a 
rotating base and a red filter used over the 
fairly small light source. The red filter mask 
should have a minimum density of about 0-2 
and the range from minimum to maximum 
density should be about 40 per cent of the 
density range of the transparency. 

This is repeated with a green filter record 
which should have a mi nim um density range 
of about 0-2 and a range of about 30 per cent 
of that of the transparency. 

(3) The separations: when the two colour 
masks are made the highlight mask i> no 
longer required and is dispensed with. 
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The transparency is then bound into register 
first with the red filter colour mask (so that it 
is thus film side out). With that combination 
of transparency plus mask, both the red filter 
(cyan-blue printer) and the green filter (magenta- 
red printer) separation negatives are made by 
contact or projection on normal contrast pan- 
chromatic plates. 

If a four-colour print is required (that is, 
with a black printing in addition to the colours) 
a fairly successful result can usually be obtained 
by using a yellow-green filter through the 
transparency plus red filter mask combination. 
The black printer is, however, always rather a 
problem and is best treated according to the 
main colours of the subject, often by exposures 
through each tricolour filter in turn, with modi- 
fication of the timings. 

In the case of the red filter exposure, for the 
cyan-blue printer separation, the mask serves 
only to reduce the high contrast of the trans- 
parency to a convenient level. The mask is 
itself a red filter record, and the result is said 
to be “self -masked”. 

But in the case of the green filter exposure, 
for the magenta-red printer separation, the 
effect of the mask is different. It usefully 
lowers the contrast range, but it also modifies 
the result selectively. In fact, it will be found 
that the blue and green colours of the trans- 
parency are recorded in the negative as much 
denser than usual, while red colours are re- 
corded more transparent than ushal. Therefore 
the magenta-red print from the negative is 
strong in the red colours and much weaker in 
the blues and greens — which is precisely what 
is required and would have to be contrived 
by hand retouching if not by this automatic 
photographic means. 

Once the cyan-blue and the magenta-red 
printer negatives (and perhaps the black 
printer) are made, the transparency is removed 
from the red filter colour mask and registered 
on the green filter mask, that combination 
being used when making the blue filter (yellow 
printer) negative. 

The density range of the separation negatives 
is, of course, governed by the printing process 
for which they are made (carbro, dye transfer, 
etc.). In general the minimum density should 
not be much less than about 0-5 and the range 
from minimum to maximum probably of the 
order of 10 for dye transfer and rather less 
for carbro according to the type of sensitizer 
that is being used. 

Step Wedges and Colour Patches. Among very 
experienced colour workers there is some con- 
troversy about whether a step wedge laid 
beside the transparency should be recorded 
identically in each record of a colour set. In 
any case a black-to-white step wedge should 
always be included and colour patches are 
also useful, both for identifying the separations 
and for checking the success of the printing. A 
very expert worker might vary the contrast of 


the record of the wedge in one or more of the 
separations, especially if he wished to make some 
modification of the effect in the print. But until 
a great deal of experience is gained, it is best to 
aim to make all the separations so that the 
density range and quality of the record of the 
step wedge is as precisely matched as possible 
throughout the set. 

Masking Positives or Negatives. The above 
description relates to the masking of positive 
transparencies with negative masks. Fortunately 
the same technique works equally well for the 
masking of negative subjects with positive 
masks. For example, a colour negative for one 
of the colour negative-positive processes can 
be masked exactly as described for a positive 
colour transparency. That is, a red filter mask 
is used for making both the red filter positive (in 
this case) and the green filter positive (perhaps 
also the black printer), while a green filter 
mask is used when making the blue filter posi- 
tive separation. 

Furthermore the same basic principle can be 
used for a set of separation negatives which are 
to be colour masked when making positives 
(for example for printing the reliefs for dye 
transfer). 

A negative range of around 1 -0 is suitable 
for printing dye-transfer positive reliefs, 
depending somewhat on whether printing is by 
contact or projection and the type of enlarger 
in the latter case. (For contact printing the 
masked negatives, the initial negatives must be 
on film, which is quite possible in these days of 
dimensionally stable film bases, and the masks 
must be made in contact with the backs of the 
negatives.) 

The masked negatives must have a range of 
1 -0 which means that the initial separation 
negatives must be a good deal more contrasty 
to allow for the reduction of contrast by the 
masks. Suitable figures may be 40 per cent of 
the contrast range for the red filter mask and 30 
per cent for the green filter mask. To suit those 
requirements the initial red filter and green filter 
negatives should have a range of 1 -6 (say from 
0-3 to 1 -9) while the blue filter negative should 
ha ve a range of 1 -4 (f rom 0-5 to 1 -9). 

The two colour masks (preferably unsharp) 
are then made by contact from the red filter 
and green filter negatives, the mask from the 
red filter negative having a range from 0-8 to 
0-2 and the mask from the green filter negative 
having a range from 0-6 to 0-2. (The densities 
are quoted as from shadow to highlight 
so that the effect of negative plus positive is 
obtained by simple addition.) The red filter 
mask is then bound up into register, first with 
its own red filter initial negative (thus self- 
masking it) and printed, then with the green 
filter negative and printed. The green filter 
mask is used on the blue filter negative. The 
total density range of negative plus mask totals 
in each case from I T to 2 1 which is 0-6 
higher than the normal colour separation 
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negative range of from 0-5 to 1-5. So the 
masked negatives wil] require four times the 
normal exposure (antilog 0-6). 

PROFESSIONAL MASKING 

An extremely wide range of masking 
methods, both for monochrome and colour 
are used in practically all branches of pro- 
fessional photography. One absolutely invari- 
able feature of all such work is the extremely 
precise sensitometric and densitometric control 
which is always employed: empirical methods 
are entirely inadequate. 

The cine industry uses masking to a great 
extent. Processes range from simple back pro- 
jection methods, where the actors performing 
before the projected background mask out 
portions of it (because they are solid), to all 
the intricate matte processes. These are used in 
combining two or more negatives of parts of 
the complete picture when making the prints 
for projection in the cinemas. By these methods 
it is possible to avoid sending actors on expen- 
sive location shooting. 

Complete colour masking controls are also 
employed in the preparation of colour motion 
pictures. 

Masking in the Graphic Arts. Masking is used 
to a continually increasing extent in the pro- 
cesses employed in the preparation of printing 
surfaces of all kinds. 

The basic essential for many of the processes 
is mechanical means of inserting and replacing 
masks and other negatives or positives into 
precise register so that a number of different 
masking exposures may be made on one photo- 
graphic plate. The best known of these is a 
special make of masking camera on which a 
great many different masking techniques can be 
undertaken with certainty of precise register. 
On this camera a negative or positive of 
large size can be contact printed with light 
which proceeds from a much smaller mask so 
that the exposing light is itself masked. The 
contact print is therefore modified as required 
for colour masking or for such purposes as the 
introduction of lettering into the picture or the 
formation of a montage. A different approach 
to somewhat similar problems is one make of 
supplementary camera, which can be fitted to 
a process camera and projects masking images 
into the image plane via a transparent pellicle 
mirror. 

Integral Masks. One firm’s integral mask inven- 
tion as used in their own colour negative- 
positive process is useful both for graphic arts 
and for pure photographic colour print making. 

According to this idea the middle (magenta- 
red printer) layer of an integral tripack trans- 
parency material contains a weak orange- 
yellow dye and the bottom (cyan-blue printer) 
layer contains a weak red dye before the 
material is exposed. The colour-development 
of the material dissipates the dyes in the 


situation of the respective Images. The result 
is a colour negative which already has its 
green filter record and red filter record positive 
masks automatically within it. Therefore when 
the colour negative is printed by contact or 
projection on integral tripack material on a 
white base it yields an automatically colour- 
masked print. If colour separation positives 
are made they also are colour masked. Those 
separation positives may be used for graphic 
arts reproduction or, if they are in the form of 
dye-transfer reliefs, they may be used for paper 
print making. 

Another colour masking technique somewhat 
akin to the above method consists of three 
different types of integral bipack materials. 
One is blue sensitive and yellow developing 
(top) and green sensitive and magenta-red 
developing (below). The second has the same 
blue sensitive, yellow developing top layer 
and a red sensitive, cyan-blue developing 
bottom layer. The third has a green sensitive, 
magenta-red developing top layer with a red 
sensitive, cyan-blue developing layer below it. 

Each of those three materials is exposed in 
tum in contact with the colour transparency 
and colour developed to colour negative masks. 
These, when separately bound up with the 
initial colour transparency (either positive or 
negative), cancel out, in the first case, the 
yellow and magenta-red layers : in the second, 
the yellow and cyan-blue layers, and in the 
third, the magenta-red and cyan-blue layers. 
Thus any one layer of the colour transparency 
can be photographed and the other two do not 
intrude, as they normally do. If these masks 
were made stronger or more contrasty than the 
colour layers in the transparency, the result 
might well be additional colour masking. This 
process also is valuable both for pure photo- 
graphy and for graphic arts purposes. 

Electronic Colour Masking. A great deal of 
research is going on in the use of electronic 
principles for colour masking. 

The methods rely on the fact that photo- 
electric cells can be made which will respond to 
some or all of the visible spectrum. It is there- 
fore possible to scan a colour object, print or 
transparency, with three photo-cells each sensi- 
tive to a different portion of the spectrum. They 
can then each control a fluctuating light spot 
and produce three or four colour separation 
negatives or positives. 

It is possible to cause part of the impulse 
from one or more of the cells to be shunted 
into the circuit of the others and so to intro- 
duce colour masking to a practically unlimited 
extent. Such methods can be used for pure 
colour photography, of course, but also the 
impulses can be caused to engrave printing 
plates direct. F.H.S. 

Books: Amateur Carbro Colour Prints, by Viscount 
Hanworth (London); Colour Prints, by J. H. Coo te 
(London); Amateur Dye Transfer Colour Prints, by 
Viscount Hanworth (London). 
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MASKING FRAME. Paper holder for enlarg- 
ing to keep the paper in position on the easel. 
Usually also produces a white border round the 
print. The border and the size of the image area 
framed may be adjustable. 

See also: Masks; Paper holder. 

MASKS. The appearance of most prints is 
enhanced by a neat white margin produced by 
masking off the border of the paper during 
printing. If the print is made on double weight 
paper large enough to leave' a wide border, it 
can take the place of the usual mount. The 
normal mask is rectangular or square in shape, 
although at one time other shapes were popular 
(notably circles and ovals). 

White Borden. A permanent mask can be built 
up on the negative with strips of adhesive black 
paper. Passe partout binding or lantern slide 
binding strips will serve for this purpose. Care 
must be taken to keep the corners truly square 
by checking with a set-square and ruler. 

Ready-made masks cut from opaque black 
paper can be obtained in various shapes, and of 
different sizes for both prints and lantern 
slides. These are mostly used for contact print- 
ing. If numbers of prints are being made it is a 
good plan to attach the mask to the front of the 
negative with transparent self-adhesive tape. 
This saves constant readjustment each time a 
fresh piece of paper is inserted. 

For contact printing, transparent ruby masks 
cut from celluloid are available and are pre- 
ferable to paper masks, being more durable 
and easily handled. They also facilitate posi- 
tioning of negative, paper and mask in the 
contact printer because the actual details of the 
negative can then still be seen through the 
mask. 

These masks can also be used in contact 
with the negative when enlarging. 

Lantern slide masks are supplied with open- 
ings of various sizes and shapes, but domes, 
cushions and similar fancy shapes are not in 
favour to-day. These masks are generally made 
of black paper, although some makes — 
particularly in 35 mm. size — are also available 
in metal foil. Masks are also supplied ruled 
with white guide lines so that the user can cut 
the shape he desires to suit the subject. 

The simplest method of masking a lantern 
slide is to build up the rectangle with strips of 
lantern slide binding before adding the cover 
glass. Or the mask may be attached to the 
cover glass in the same way. This method 
affords additional protection against breakage. 
Masking Frames. When making enlargements 
the usual method of masking is to use a mask- 
ing frame on the baseboard of the enlarger. A 
masking frame consists of a metal frame 
made from strips of metal from i to i in. 
wide. The frame is hinged to a baseboard so 
that it can be lifted up to allow the paDer to 
be placed in position. Metal pegs or guide 



MASK/NG FRAME The sliding strips adjust the picture area, 
and the hinged f rame holds the paper in position on the base- 
board . Adjustable margin stops may be provided. 

strips are fastened to the baseboard along two 
adjacent sides of the paper area to allow the 
sheet of printing paper to be accurately located 
under the mask. The baseboard is usually 
painted a dull white and the frame a dead black 
so that the image can easily be focused and 
composed before inserting the paper. 

Adjustable masking frames of this type 
have two sliding members of black metal strip 
which form two adjacent sides of the mask. The 
other sides are formed by the metal frame that 
carries the sliding strips. Any size of mask up 
to the full size of the frame can be produced 
by adjusting the position of the strips on the 1 
side members of the frame. They are so 
mounted that, while they will slide easily, they 
always lie square to each other and parallel 
to the corresponding rigid sides of the frame. 

On some models, the paper locating strips are 
themselves also adjustable so that the width of 
the border can be varied. 

Frames of this type are made heavy enough 
to stay in position on the enlarger baseboard 
once they have been set to mask the projected 
image. They serve the double purpose of mask- 
ing the paper and holding it flat. Some workers 
use fixed masks consisting of glass plates of a 
range of different sizes with a border formed 
with strips of passe partout binding. i 

Black Borders. It is sometimes effective to give 
the print a narrow black border. All that is 
necessary for this is a sheet of metal or a glass 
plate covered with opaque black paper a 
quarter of an inch or so smaller in length and 
width than the finished print. After the print 
has been exposed, the opaque mask is laid in 
position under pressure leaving a uniform 
margin of the print exposed all round, and the 
white light switched on for a few seconds. The 
same result can be obtained by trimming the 
negative to the bare image size and printing 
it with a clear strip showing along all four 
sides of the paper, but the result is not as sharp 
as that given by a mask. t 

Trick Masks. In addition to the normal type of 
mask which gives a white border, various trick 
shapes are used when appropriate. 

Oval and circular masks are useful when the 
corners of the negative are unsharp. A circular 
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mask is easily marked out with a compass, but 
an oval mask calls for a special technique. The 
easiest way to mark out an oval is to use two 
pins stuck into a board at about three-quarters 
to two-thirds the length of the negative apart. 
A loop of string is placed over the pins and the 
length adjusted until a pencil held upright 
inside the loop cannot quite reach to the top or 
bottom edge of the print. If the pencil is now 
moved around so as to keep the loop of string 
taut it will trace out an oval. The dimensions 
of the oval can be adjusted by varying the 
spacing of the pins and the length of the loop. 
Once the oval has been drawn on the masking 
paper in this way, the blank can be cut out with 
a sharp razor blade. 

Other shapes popular for trick effects are 
keyholes, “binocular” openings, and jagged 
edges suggesting that the subject has broken 
through the paper. Binocular openings in the 
form of two overlapping circles might be used 
to give atmosphere to a long narrow landscape 
view of a horse or yacht race so long as the mask 
does not cover an important part of the 
subject. 

Many of these fancy shapes are more effec- 
tive if they are reversed — i.e., to give a black 
instead of a white masked portion. This is 
printed in the same way as a black border, 
using the blank cut out from the centre of the 
mask to cover the centre of the print during the 
second exposure to white light. 

There are various other ways of producing 
special masking effects. One effective method is 
to cover the glass of the f rame with sand, sugar, 
rice, cotton wool or any loose substance, and 
clear away the area to be printed. This leaves 
a rough edge with a texture depending on the 
substance used. The same idea can be used to 
produce a black border by clearing the masking 
substance away from the edges and giving a 
second exposure to white light. 

If a soft edge to any type of mask used in 
contact printing is required, it can be produced 
by supporting the mask on a sheet of glass 
above the printing surface. The softness can 
then be imparted by moving the light during 
printing. In enlarging the light cannot be 
moved to soften the edge and the simplest 
method is to use a mask under the negative, 
interposing a sheet of glass between the two to 
throw the mask out of f ocus. 

Cutting Masks. It is not difficult to cut masks; 
the requirements are thin black paper — e.g., 
the wrapping from bromide paper — a sheet of 
glass, a steel rule and set-square, and a print 
trimming knife. The knife must have a keen 
cutting edge or the paper will be tom rather 
than cut The method is as follows : 

Place the paper on the glass and with the 
steel rule and square mark out the rectangle to 
be cut with a pencil line. It is a good plan to 
lay the negative or slide over a sheet of graph 
paper; the limits of the edges required can then 
easily be noted with a pencil mark and trans- 


ferred to the black paper. To cut the mask, rest 
the knife against the edge of the steel rule, 
press it firmly down at the beginning of the cut, 
hold it straight, and cut along the whole of one 
side of the mask in a single stroke. If the cut is 
made in more than one stroke there will almost 
certainly be an irregularity in the edge of the 
mask. R.M.F. 

See also: Paper holder. 

MASS MINIATURE RADIOGRAPHY. Mass 
miniature radiography is a special branch of 
medical radiography used for making a prelim- 
inary X-ray examination of the chests of large 
numbers of people. It aims at detecting the 
signs of pulmonap' tuberculosis in its early 
stages so that the disease can be tackled in good 
time. 

Method. To take a miniature radiograph, the 
subject is placed with his back to an X-ray tube 
and his chest against a fluorescent screen. When 
the X-ray tube is switched on it produces a 
visible radiographic image of the subject’s 
chest on the screen by fluorescence. This image 
is photographed on 35 mm. film by a minia- 
ture camera focused on the screen. If the final 
radiograph shows any dubious areas the sub- 
ject is then given a normal full-scale radio- 
graphic inspection using large-size X-ray 
films and equipment. 

Equipment. The essential equipment for mass 
miniature radiography consists of an X-ray 
unit, a fluorescent screen, and an electrically 
operated camera. These are arranged as two 
separate units each of which can be adjusted to 
the height of the subject. The camera lens is 
bloomed and works at /1-5 or larger. At 
the standard tube emission this aperture is wide 
enough to give a fully exposed picture with an 
average chest (8-10 ins. thick) and an expo- 
sure time of 1/10 second. A yellow-green 
type screen 16 x 16 ins. has been found most 



FLUOKO GRAPHY SET-UP. The patient Is Interposed between t he 
X-ray ub< and a fluorescent screen which Is In turn photo- 
graphed with a miniature camera. 
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suitable, and the film used is a specially made 
high speed type which is abnormally sensitive 
to this colour of screen fluorescence. The 
camera takes 82 feet of 35 mm. film and incor- 
porates a knife for cutting off any desired length 
after exposure. 

Equipment for mass miniature radiography 
is designed to be easy to transport, assemble, 
and operate. The type used in Britain during the 
second World War could be assembled or 
dismantled by two women in 1 i minutes. Many 
M.M.R. units are completely self-contained; 
they have their own travelling darkrooms and 
generate their own electric power. 

Subject Identification. Each person to be 
examined is given an identification card on 
which he fills in his name and address. This card 
is inserted in a slot on the camera and, as the 
exposure is made, both the card and the film are 
stamped with the same serial number. It is 
therefore impossible for anyone to be asso- 
ciated with the wrong radiograph. 

The staff operating the equipment work from 
behind screens to shield them from unnecessary 
exposure to the X-rays. A trained team can deal 
with as many as 600 people per day. 
Organization. In addition to the actual opera- 
ting staff, an M.M.R. service needs its own 
administration for arranging mass examin- 
ations, identifying negatives, interpreting the 
results and following up positive cases. 

M.M.R. teams regularly tour the country and 
it is possible for anyone who wishes to have his 
chest radiographed at the recommended 
12-monthly intervals. G.T.S. 

See also: Medical radiography. 

MASTIC VARNISH. Varnish (principally for 
negatives) prepared from the resin exuded 
from the stems of the Pistacia Lentiscus. The 
resin is insoluble in water but soluble in 
alcohol and a number of other spirits and oils. 

MATRIX. Relief image used for making dye or 
pigment prints by transferring colour from the 
raised parts of the relief to a suitable paper or 
other base. In photography, gelatin matrices 
are employed for special processes such as dye 
transfer colour printing. These matrices are 
generally made by developing an exposed 
silver halide emulsion in gelatin with a tanning 
developer. Alternatively, a photographic image 
in a gelatin emulsion may be bleached in a 
tanning bleacher. Either method selectively 
hardens the gelatin, allowing the unhardened 
parts to be washed out in warm water, leaving 
the gelatin relief. 

It is usual for the exposure to be made 
through the base when making a matrix. 

MAXWELL, JAMES CLERK, 1831-79. 
Scottish mathematician, physicist and natural 
philosopher. Author of valuable investigations 
on the perception of colour. Demonstrated the 
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fundamental basis of three olour photo- 
graphy (1861). His researches established the 
electro-magnetic theory of light. Biography by 
Campbell and Gamett (2nd edition 1884). 

MAY ALL, JOHN JABEZ EDWIN, 1810- 
1901. American daguerreotypist. Worked in 
Philadelphia (1842-6), London (1847-66) and 
Brighton. Introduced from France the albumen 
glass negative process in 1851. Leading pro- 
fessional in the cartes-de-visite period, which 
he made popular in England in 1860. 

MEASURES. Graduated containers for mea- 
suring volumes of liquids, and sometimes 
solids. 

Most measures are glass or plastic beakers 
or tumblers with a scale marked down one 
side. They may be cylindrical or conical in 
shape; in the latter case the interval between 
the scale divisions is necessarily greater near 
the bottom than at the top. 

Measures for large volumes may be in the 
form of plastic or enamelled jugs. 

Scales. Measures may be graduated in metric 
units (cubic centimetres or millilitres and 
litres) or in Imperial fluid measure (minims, 
drachms, fluid ounces, or pints). Sometimes a 
measure carries graduations in both systems. 
Sizes. Small measures hold 1 or 2 ounces, sub- 
divided in drachms and tens of minims; or 
25-50 c.cm., subdivided in c.cm. (scientific 
laboratory glass-ware is almost always gra- 
duated in millilitres). They are used to measure 
out stock solutions for dilution, etc. Inter- 
mediate sizes hold 4 to 20 ounces |(or 1 00 to 
500 c.cm.) to measure out larger quantities 
such as working solutions required to fill a 
developing tank. The largest measures may 
hold 40 or more ounces (1 litre upwards) for 
filling larger tanks. 

Accuracy. Cylindrical measures in the small 
sizes are expected to be accurate to the nearest 
01 c.cm. or to the nearest 2 minims. With a 
100 c.cm. or 4 ounce measure an accuracy of 
1 c.cm. or i drachm is quite sufficient, and 
many measures are considerably less accurate 
than that. An accurate 500 c.cm. or pint 



READING LIQUID LEVELS. The correct volume in a glass 
measure is obtained by observing the bottom of the meniscus 
curve horizontally against the scale. 
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measure should measure to the nearest 5 c.cm. 
or drachm. 

The accuracy depends both on the shape 
of the measure and on the method of calibra- 
tion. The most accurate types are the cylin- 
drical and conical measures calibrated indi- 
vidually by an engraved scale. Tumbler and 
other measures with etched or painted scales 
are still reasonably accurate for most photo- 
graphic purposes. 

Plastic measures with embossed graduations 
are as accurate as any glass measures of the 
same size, as the moulds can be made with a 
high degree of precision. 

Enamelled jugs with painted or enamelled-on 
scales cannot be expected to measure more 
exactly than to the nearest i ounce in the 20- 
ounce size. 

Burettes and pipettes may be used for mea- 
suring small volumes with particular accuracy. 
Reading the Scale. The correct level from which 
to read a volume of liquid is the bottom of the 
meniscus of liquid — i.e., the lowest level of 


liquid In the middle of the measure. The 
measure must be held level, and the scale read 
with the eye at the same level as the liquid 
surface. With opaque measures the bottom of 
the meniscus may have to be estimated. 

Solid Measures. Powdered chemicals can also 
be measured out in glass or plastic measures 
if the volume of a given weight of powder is 
first found by trial. Once established, the rela- 
tionship between volume and weight will 
hold only for that particular chemical in that 
form. For instance acid fixing powder will 
need a different measure from hypo crystals. 

Solid measures of this type are available for 
various chemicals (e.g., fixing salt) which need 
not be weighed too accurately and can be made 
from old wide-mouthed bottles by affixing a 
suitable calibration mark (e.g., a strip of 
gummed paper) at a level corresponding to, say, 
1 or 2 ounces. Sometimes the lids of tins in 
which chemicals are packed are made to hold a 
specified amount of the contents. 

See also: Weights and measures. 


MEDICAL PHOTOGRAPHY 


Medical photography is essentially factual. 
Its primary function is to put on permanent 
record the salient visible features of the case 
without embellishment, exaggeration, distor- 
tion, deliberate obliteration of detail or recourse 
to any artistic or spectacular effects. It embraces 
the whole field of photography and includes a 
few methods or techniques which are solely 
medical. So the competent medical photo- 
grapher must first be skilled above the average 
in all aspects of photographic practice. But he 
must also possess a general knowledge of human 
anatomy, elementary physiology, elementary 
histology, a general knowledge of the terms 
used in pathology and bacteriology, a general 
knowledge of medical and surgical terms and 
their significance, a knowledge of the common 
processes of treatment, and experience in 
hospital etiquette. 

The apparatus must be the best of its kind 
and comprehensive because no one type can be 
expected to cope with all classes of medical 
photography. 

Medical photographs are useless unless they 
are properly classified and recorded in detail. 
All data concerning the type of case, the exact 
methods used to take the negative, and how it 
was subsequently printed, must be noted and 
filed. So proper keeping of records is an essen- 
tial part of medical photographic practice. 
General Photography. Although the very sick 
or seriously injured patient may be under the 
direct care of the medical or nursing staff, whilst 
the case is in the medical photographic depart- 
ment the photographer is in some measure 
responsible. He must possess sufficient know- 
ledge of the medical aspects of the case to appre- 


ciate the limitiations imposed in handling it. He 
is not normally expected to remove or replace 
splints or dressings but must be capable of 
doing so should the need arise, and also be 
competent to deal with an emergency until 
medical aid arrives. 

General record photographs are standardized 
in scale of reproduction, angle of view, lighting 
direction and contrast, and colour rendering. 
Where the contours are to be shown, photo- 
graphs are taken from at least two different 
directions, usually at right angles. Surface 
lesions are generally photographed first from 
far enough away to show the lesion in relation 
to adjacent anatomical landmarks, and then 
close up to show detail. 

General record photography demands not 
only familiarity with all types of camera and 
lighting unit, but also the ability to produce 
comparable standard views of the same and 
similar cases with different apparatus and not 
always in the same place or under exactly the 
same conditions. 

Infra-red. Infra-red radiation is capable of 
deeper penetration into human tissue than white 
light; moreover, it is reflected back rather 
diffusely. If there is some structure immediately 
below the skin surface which has a higher absorb- 
ing property than the surrounding tissue it is 
recorded on the infra-red photograph as a 
shadow. For example, the superficial blood 
vessels appear as a dark pattern against a pale 
background. For this reason infra-red photo- 
graphy of the superficial venous system can be 
helpful in examining changes due to varicose 
conditions, obstruction, heart disease, and 
pregnancy. 
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STANDARDIZING LAMP POSITIONS. The template fixes the 
angle and distance from tht camera of the lamp. It Is easily 
made from a sheet of cardboard. 

In dermatology infra-red can reveal changes 
taking place under a superficial scab. In 
ophthalmic work it has a particular value in 
enabling photographs of the pupil of the eye 
to be taken through a comea opaque to visible 
light. It may also be used to measure the way 
the diameter of the pupil changes in response 
to various levels of illumination since it has no 
apparent effect on pupillary diameter. 

For gross specimens infra-red has been found 
useful in showing up deposits or tumour tissues 
not normally differentiated by ordinary photo- 
graphy. To this end specimens may also be 
injected with special substances which reflect 
or absorb infra-red radiations, thus introduc- 
ing differentiation from a photographic stand- 
point. 

The camera and light sources commonly in 
use in the medical photographic department 
are suitable for infra-red work in conjunction 
with the appropriate filters and sensitized 
material. The almost opaque filters used to 
filter off unwanted visible rays may be used 
over the camera lens or the sources of radia- 
tion, depending on the type of work being 
undertaken. As there will be a difference 
between the visible and infra-red focus of any 
camera lens, it is advisable to achieve a pre- 
liminary focus through a deep red filter, before 
the infra-red filter is placed in position. 
Stereoscopic Work. Three-dimensional photo- 
graphs are always useful for indicating depth, 
especially when views at right angles are im- 
practicable. Cameras with twin lenses are not 
commonly found in the equipment of the 
medical photographic department so the photo- 
grapher must often improvise. This means that 
he must fully understand the principles of 
stereoscopy and be capable of adapting his 
standard apparatus. He must also be familiar 
with the methods of presenting and viewing 
stereoscopic pairs. 

The medical photographer is usually expected 
to understand die fundamentals of stereoscopic 
radiography and the operation of the Wheat- 
stone and binocular stereoscopes for viewing 
radiographs. 

Cinematography. Nowadays considerable use 
is made in hospitals of cinematograph films — 
usually 16 mm. — of operating techniques and 


other suitable subjects. So the medical photo- 
grapher needs to understand the principles of 
cinematography and be familiar with the hand- 
ling of up-to-date 16 mm. cinematograph 
cameras and accessories. He should have ex- 
perience with black-and-white and colour 
materials in a studio, in daylight, and under the 
special conditions of lighting in the operating 
theatre. He also needs a practical knowledge of 
script preparation, continuity, camera angles, 
movements, cutting, animation, titling and 
editing. It is an advantage for him to be 
acquainted with special applications like cine- 
micrography, time lapse and high speed work, 
as well as sound recording and reproduction. 
Dermatology. Skin photographs are used to 
demonstrate such conditions as inflammatory 
changes, ulcerations, eruptions and bums. It 
is usual to take general views to show the 
location of the lesion and close-ups to show 
its details. 

When a series is taken, standardization of 
technique is most important. If the purpose of 
the photographs is to evaluate a change in the 
colour of the skin, they are made on panchro- 
matic material with correction filters, or colour 
material with a control of normal skin taken 
under the same conditions of lighting and ex- 
posure. On the other hand, greater contrast 
may be deliberately produced by using ortho- 
chromatic materials or panchromatic plates 
and films with contrast filters, or the skin 
texture may be accentuated by employing harsh 
oblique illumination. Subcutaneous conditions 
can sometimes be demonstrated by infra-red 
technique. 

Ophthalmology. The external eye can be photo- 
graphed to demonstrate injury, disease and 
loss of muscular function or impaired response 
to light — e.g., by infra-red. It is desirable to 
have an apparatus for fixing the head. A small 
view camera mounted on an ophthalmoscope 
stand is very useful; otherwise a camera with 
visual focusing is generally to be preferred — 
e.g., a miniature reflex. 

Special apparatus is used for macrographic 
study of the iris and vascular network. Part 
of the internal surface of the eye (the retina) 
may be photographed through the dilated 
pupil. The instrument used for this purpose is 
a combined ophthalmoscope and camera. 

Black-and-white, infra-red and colour mater- 
ials are all used in eye photography. 

Dental Photography. Dental photography may 
be used for general teaching, or for compiling 
records of unusual and rare conditions, or 
for making a graphic record of progress during 
treatment, or for the psychological value — i.e., 
to prove that a particular treatment is having 
the desired effect. Photographs taken in com- 
parative youth provide a useful guide when 
contours are to be built up with dentures in 
later life. 

Although most cameras are suitable for this 
work, it is found best to have a specially de- 
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MULTIPLE EXPOSURE TECHNIQUE. Two or more exposures 
on the same negative may show the limits of a body movement 
f or comparison with normal range of movement. This is useful 
for illustrating progress after Injuries or operations. 

signed small and compact camera unit and a 
simple illuminating system permanently fixed 
on a bracket table at the chairside. The medical 
photographer may only be asked to provide 
technical assistance, exposures being made by 
the dental surgeon as the need arises. Since 
colour changes are so important a factor in 
dealing with teeth and gums, colour materials 
are definitely to be preferred to black-and- 
white. 

Orthopaedics. The principal use of photo- 
graphy in orthopaedics is to supplement writ- 
ten descriptions. It also provides a permanent 
record of progress and, where the improvement 
is gradual and prolonged, it is a means of en- 
couragement to the patient. 

Deformities, either congenital or acquired, 
are photographed with supplementary views to 
show limitation of function. The details of 
joint movement generally and the demonstra- 
tion of gaits are subjects for cinematography. 
Plastic Surgery. The value of photography in 
plastic surgery cannot be over-estimated. Not 
only are routine records required to show the 
protracted stages of almost any plastic repair, 
but such records may be called upon in the 
event of litigation. These photographs also 
play an important part in maintaining the 
morale of patients who often become dis- 
couraged during a long series of operations 
with little result to see in the intervening 
phases. 

Because so many views are generally re- 
quired, the miniature camera is often chosen for 
this work. This approach demands exacting 
darkroom work to obtain the necessary quality. 
On the other hand, it makes for portability and 
interchangeability of equipment to be used in 
the studio, the operating theatre and the con- 
sulting room. 

General Surgery. Work in the operating theatre 
requires not only high technical photographic 
skill but patience, ingenuity, and ability to 
work in a team. Knowledge of surgical routine 
is an advantage as much time is saved if the 
photographer knows at which stages he is 
required to take pictures and can be prepared 
accordingly. The photographer who works in 


the operating theatre must understand and 
carry out the rules of asepsis. He must also take 
precautions against explosions of anaesthetic 
vapours arising out of electric sparks from his 
lamps or switches. 

Broadly speaking, photographic work in the 
operating theatre is divided into still, endoscop- 
ic, and motion picture. Still pictures mainly 
show results whilst motion pictures show how 
the job is done; both may be made at the same 
operation. 

Still photography includes pre-incision views, 
the operative field at various stages, demonstra- 
tion of special features, and the final result. 
There is a difference of opinion regarding the 
most suitable type of camera, but the choice 
usually rests between the miniature which can 
be carried easily into position, as required, and 
gives a surgeon's eye view, or the larger camera 
on a heavy duty stand which is either lef t perman- 
ently in one position or wheeled up as required. 
Sometimes such a stand has a platform, carrying 
its own flood-lighting units, which raises the 
photographer well above the operating table 
level. Otherwise the choice of illumination is 
flash bulbs or electronic flash (suitably pro- 
tected) as these permit the use of small leas 
apertures and provide desirable focusing toler- 
ance. They also give the high intensity light 
required by colour processes without the undue 
heat of tungsten or Photoflood lamps. 

Generally speaking, anything which can be 
seen by means of an endoscope (the instrument 
used for internal examination through the body 
orifices) can be successfully photographed. 
Broadly there are two varieties of endoscopic 
examination: where the orifice can be widened 
to permit direct photography; the illumination 
is usually directional light from spotlights or 
focused sources, or the speculum used for 
dilatation may carry a small illumination 
source at its distal end. Where the endoscope 
itself carries an optical system and its own 
illumination, such as the bronchoscope or 
cystoscope, with a miniature camera attached 
to the viewing end. By using a special reflex 
focusing mechanism the field can be selected 
without removing the camera. Either black- 



OPIMTING THEATRE CAMERA. The camera it fnd an an 
upright stand and is adjustable in any position with positive 
locking once adjusted. The focus is fixed In line with the pointer. 
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and-white or colour materials may be used for 
endoscopic photography. 

Ultra-miniature cameras have been devised 
for introduction into the body. One of these is 
the stomach camera. Such instruments carry 
their own light source, also exceedingly small, 
and may be positioned by X-ray screening. 

Motion pictures of surgical operations are 
made for a number of different purposes: 

(1) They may be made for general medical 
exhibition and will be rather lengthy, showing 
an operation in detail. Such films may include 
pre-operative investigation, pre-medication 
data, anaesthetic technique, and post-operative 
handling and treatment. This type of film may 
be made up from shots of several patients, so 
long as the fact is not apparent. 

(2) The film may emphasize some parti- 
cular aspect, such as the nursing and after 
care of the case for showing to an audience of 
students. 

(3) The film may be a “short” to demons- 
trate only one special feature, such as a method 
of injection or suturing. A collection of such 
shorts is considered very useful for teaching 
and individual items are easily replaced or 
revised. 

(4) The film may be made to show a new 
development in operative technique to an 
audience of specialists; all normal or generally 
accepted actions are omitted from this type of 

film . 



PHOTOGRAPHING SPECIMENS. Top: General purpose layout. 
A, modelling lamp. B, fill-in light. C, specimen supported on 
glass. D, white background. Bottom: Set up for even diffused 
light E, white cylinder. The light reaches the subject by 
reflection f ram the Inside of the cylinder. 
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Motion pictures may be made in black-and- 
white or in colour but the tendency today 
is towards colour, except perhaps for the 
instructional short. Most films are “silent” 
with suitably printed captions, but more 
ambitious productions have a sound track 
added professionally, or by magnetic striping. 
Gross Specimens. The subjects in this class 
of work may be preserved in jars or be fresh 
from the operating theatre or post-mortem 
room (where the photography in fact, is often 
done). A knowledge of asepsis, antisepsis, 
and general handling of specimens is required 
of the photographer dealing with such speci- 
mens. The preparation of the specimen and the 
method of presentation may be directed by the 
pathologist, but a skilled medical photographer 
is capable of handling routine specimens un- 
aided. He must know the effects that various 
immersion fluids have on colour retention, 
as it has a bearing on his choice of negative 
materials, illumination and filters. 

For black-and-white work, he may use 
either orthochromatic or panchromatic stock 
with contrast filters to accentuate red contrast, 
or panchromatic material with selective filtra- 
tion to increase contrast, or to produce maxi- 
mum detail in one selected colour. He may 
also use colour material. The background in 
this work is usually of the shadowless type 
lor black-and-white, and a plain colour for 
colour work. 

When the specimen is in a jar, the photo- 
grapher often has to exercise a considerable 
amount of ingenuity in order to show the im- 
portant features, to control specular reflections, 
and to eliminate unwanted reflections. 
Instruments. For the successful photography 
of instruments and apparatus a good general 
knowledge of photography is necessary, but 
the photographer must also know the function 
of each article so that it may be depicted lucidly. 
For example, if the parts are disconnected they 
must be shown in their correct position for 
assembly. 

Bacteriological Cultures. Cultures may be in- 
fective or delicate and in either case will call for 
knowledge and care in handling lest also they 
become contaminated with other organisms 
through exposure to the air. The cultures 
may be on transparent, translucent or opaque 
media, in test tubes or in Petri dishes. The 
photographs may be taken by frontal, front 
oblique, transmitted, or oblique back lighting, 
on varieties of black-and-white materials with 
or without filters, and on colour materials. 
Macrophotogruphy. Small specimens of all 
kinds are photographed by direct camera en- 
largement up to 10 x or even 20 x . The medical 
photographer must therefore be familiar with 
apparatus for macrophotography, or be able 
to adapt standard apparatus for such work. He 
must understand the use of all the standard 
types of lighting: incident or transmitted light, 
diffused or direct, and be familiar with the 



MED 



CLINICAL MACROPHOTOGRAPHY. The subject is arranged on a 
low table to keep the focusing screen conveniently low. A high- 
power magnifier serves f or eMomination of the image. 

methods of mounting and presenting specimens. 
Photomicrography. This is an important field 
of medical photography although it may not 
be performed in every photographic depart- 
ment. The work may be done in the patholo- 
gical, bacteriological, histological, or any 
department which normally makes visual 
examinations with the microscope. On the 
other hand all photomicrographic work may 
be centralized in one specialist department 
doing nothing else. 

Generally speaking, the medical photograph- 
er is expected to possess a working knowledge 
of the microscope, including types and uses of 
different objectives and oculars, and sub-stage 
condensers. He must be familiar with all the 
common light sources for black-and-white and 
colour materials, and must also understand the 
use of special forms of lighting — e.g., dark 
ground, polarized, ultra-violet and phase 
contrast. 

The experienced medical photographer has 
at least an elementary knowledge of staining 


and mounting and is capable of recognizing 
good and bad slides, as well as elementary 
tissues. 

Trace Recordings. An increasing number of 
photographic trace recordings are used in 
modem diagnostic practice. The principal 
recording instrument is the electrocardiograph. 
In this the variatoins in electric potential 
brought about by heart action are traced 
by a spot of light on a moving strip of sensi- 
tized paper. The developed record shows the 
cyclic variations as a black wavy line. This 
technique reveals many types of heart abnor- 
mality. 

The photographic aspects of electrocardio- 
graphy and other trace recordings may fall 
within the province of the medical photo- 
grapher. He should therefore have a working 
knowledge of such recording instruments as 
the string galvanometer and cathode ray 
tube instruments, the recording materials and 
techniques used, and the method of presenta- 
tion of the recording. 

Material for Reproduction. With the increas- 
ing use of colour materials the medical photo- 
grapher is likely to be called upon to make 
colour prints by one of the recognized systems. 
Here a general knowledge of the subject is less 
useful than real proficiency in one method 
alone. 

In addition to normal enlargements from 
medical photographs, the medical photo- 
grapher is generally required to make lantern 
slides, film strips, transparencies, reproductions 
from radiographs, and facsimile copies of 
radiographs. He may also be required to organ- 
ize microfilming of large numbers of radio- 
graphs or hospital records. 

Other Aspects. The medical photographer is 
expected to be familiar with the photographic 
aspects of radiography (so as to be of help 
should an emergency arise), document copying 
by reflex and normal photographic negative 
methods, reversal processing and all its appli- 
cations, the special uses of fine grain and 
physical developers, and tropical processing 
generally. He must have a knowledge of the 
principles of design and lighting of a studio and 
darkroom, and the care and maintenance of the 
electrical equipment. T.A.L. 

See also: Dental photography; Endoscopic photography; 
Mass miniature radiography: Medical radiography; 

Ophthalmic photography. 

Book: Medical Photography , by T. A. Longmore 
(London). 


MEDICAL RADIOGRAPHY. X-rays have 
been usea in medicine almost since their dis- 
covery by Rontgen in 1895. In the early days, 
however, the equipment and sensitized materials 
were only good enough to show bone struc- 
ture and fractures. Great advances have been 
made since then and nowadays radiographs can 
be made of all parts of the body and they show 


differences in density and opacity in the soft 
tissues as well as in the bones. 

The penetrating power of X-rays is of great 
value to the radiologist, physician and surgeon 
for showing what is going on beneath the 
surface of the patient’s body. There are two 
ways of making the X-ray picture visible: 
by allowing it to fall on a screen coated with 
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RADIOGRAPHIC CYCLE. T op: The Image it formed by exposure 
of the film to X-rays passing through ( and being partially 
absorbed by) the subject. Centre: Development and fixation 
transforms the latent image into a permanent visible one. 
Bottom: The radiograph is viewed by transmitted light 
against a light box, usually as a negative. 


material that fluoresces visibly under the action 
of X-rays, and by allowing it to form a 
developable image on a photographic plate or 
film — i.e., by turning it into a radiograph. 

Photographs are sometimes taken of the 
visible fluorescent screen image and the effect of 
the direct X-rays used in normal radiography 
may be intensified by exposing a suitable X-ray 
screen film or plate in contact with a fluorescent 
screen. 

The Tube. In the type of tube used in modem 
medical radiography, a stream of electrons is 
liberated from the cathode by a hot wire 
filament. These electrons are made to impinge 
on a tungsten disc mounted on a copper anode 
or anti-cathode inclined at twenty degrees to the 
tube axis. The inclination of the disc reduces the 
effective area of the source and so improves the 
definition of the X-ray image. Tubes are 
mounted on either fixed or mobile supports in 
such a way that the position and angle of the 
rays can be adjusted easily, quickly, and with 
safety. 

Tubes vary in size and voltage rating; the 
latter may be as high as 100 kilovolts (100,000 
volts) on units used in radiography. The 
larger tubes generate an appreciable amount of 
heat and therefore require special cooling 
by water or fan systems. 

One type of tube has a rotating anode which 
revolves at about 1,500 r.p.m., thus continually 


changing the part of the anode receiving the 
electron bombardment from the cathode. This 
improves heat dissipation and permits higher 
current loads. 

The Sensitized Material. In photographic 
terms, the emulsions used in radiography could 
be compared with a slow, blue-sensitive or 
“colour-blind” material. Both sensitivity and 
contrast range are increased by the simple 
expedient of coating the emulsion on both sides 
of the base. Apart from this consideration 
there are two main types of X-ray sensitized 
material: direct exposure and screen films. The 
first are highly sensitive to direct X-rays; the 
second are mostly sensitive to the visible radia- 
tions from fluorescent screens. Screen type films 
may be used with a fluorescent screen in 
contact with the front, back, or both surfaces. 
Some X-ray films may be used without screens 
for direct radiography or with screens when 
some loss of definition can be sacrificed for the 
sake of the shorter exposures made possible by 
the fluorescent image. 

Normal Radiography. A normal radiograph 
consists of a “shadow picture” formed on the 
sensitive emulsion by the rays that pass through 
the intervening bones and tissue. The bony 
structure and the more opaque tissues impede 
the X-rays and shield the emulsion from their 
maximum effect, so that these parts appear as 
more or less clear areas in the developed image. 



TOMOGRAPHY. The X-ray tube and film are moved in opposite 
directions about an imaginary common pivot during exposure. 
Everything in the plane of this pivot will then be sharp, every- 
thing else blurred. A, B, C, successive tube positions. A lt B 1( 
Ci, successive film positions ( shown above each other for 
greater clarity). D, resultant image. 
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The size of the X-ray source determines the 
sharpness of the shadow outlines, so tubes for 
this work are designed to have as small an 
effective source area as possible. 

The digestive organs of the body can be 
shown up clearly when necessary by giving the 
patient a meal containing a harmless radio- 
opaque substance, such as barium sulphate. 
Other organs can be shown up by injecting 
them with, or allowing them to absorb, similar 
substances. 

Stereo-radiography. A single radiograph gives 
very little indication of depth below the sur- 
face. But if two consecutive radiographs are 
made and the tube is displaced by 6 cm. (the 
inter-pupillary distance) between the exposures, 
the resulting negative transparencies form a 
stereoscopic pair. When the negatives are looked 
at in a special viewer (Wheatstone stereoscope), 
the various parts appear at their correct rela- 
tive depths below the surface. 

This method of using X-rays is called 
stereo-radiography; it is of great assistance in 
locating foreign bodies and in observing the 
displacement of bones and organs. 
Tomography. Where an organ or other object in 
the body is surrounded by other objects which 
would conf use or obscure its image on a normal 
radiograph, it can be made to stand out clearly 
by the special technique of tomography. In 
tomography the tube and film are moved 
mechanically in opposite directions as though 
about a common pivot. All matter above and 
below the plane of the pivot is blurred by the 
movement, but everything lying in the plane of 
the pivot is relatively sharply defined. It is only 
necessary to arrange by careful measurement 
for the tube and film to pivot about a point in 
the plane that is to be examined. 

Dental Radiography. The special technique 
of dental radiography has been built up around 
the development of small, easily manipulated 
tubes used in conjunction with small films that 
can be held in place by the patient. As the 
effective area of the X-ray source is small, and 
the tooth and jaw structure lie close to the film, 
the standard of definition is high. 
Auto-Radiography. In recent years a special 
technique has been developed for examining 
certain tissues by auto-radiography. A radio- 
active substance, such as radio iodine, is 
administered to the patient and is absorbed 
from the blood-stream by the tissue under 
examination. A sample of the tissue is then 
removed, sectioned, and placed in contact 
with an X-ray film. After a definite time has 
elapsed, the fi.m is developed and the resulting 
radiograph gives a picture of the distribution 
of the radio-active material in the tissue. This 
picture may be usefully compared with one 
made from healthy tissue. Special thinly- 
coated materials have been prepared for auto- 
radiography and under ideal conditions they 
have given a resolving power of five hundred 
lines per millimetre. 


Cine Radiography. Cine radiography was first 
attempted in 1897, two years after the dis- 
covery of X-rays. A series of separate films 
was exposed the object being moved progres- 
sively between each exposure. 

To-day most cine radiography is done by the 
indirect method of filming the image on the 
fluorescent screen. By this method, using 
modified cine cameras of conventional design, 
it is possible to photograph movement of 
joints at fifty frames per second and movement 
of the heart and thorax at twenty-five per 
second. Films made at these speeds can subse- 
quently be projected at the normal rate to show 
the action in slow motion. 

As a large proportion of the X-rays pass 
right through the screen, the camera has to be 
enclosed in a lead-lined case. Filming time is 
limited by the X-ray dose that the patient can 
withstand safely. 

Direct methods of filming as used in angio- 
cardiography call for even higher ray intensities 
and correspondingly fewer exposures. Rates of 
twelve exposures per second with infant sub- 
jects are about the maximum. The picture 
definition in this method is, however, much 
better than by the indirect method. All present- 
day methods of cine radiography are likely to 
become revolutionized by the rapid develop- 
ment of imag*-converter tube techniques, and 
many present dosage risks will be eliminated. 

Cine radiography has made it possible for the 
movement of organs to be studied under 
unusual circumstances — e.g., test animals have 
been examined under the influence of centri- 
fugal force to indicate what may happen to the 
organs of pilots when subjected to the extreme 
accelerations of high-speed aircraft. G.T.S. 

See also: Mass miniature radiography. 

Book: Medical Photography , by T. A. Longmore 

(London). 

MEGILP. Dope for increasing the richness of 
the blacks of a print. It is made by mixing 
linseed oil and mastic varnish. Also known as 
magilp. 

MEISENB ACH, GEORG, 1841-1912. German 
engraver and art publisher. Founded (Munich 
1873) the first zincographic etching shop in 
Germany. Started experiments with half-tone 
screens in 1879 and introduced commercially 
half-tone screen Autotypie for book printing 
in 1882. 

MfiLlfiS, GEORGES, 1861-1938. French 
conjurer (director of the Theatre Robert- 
Houdin, Paris). Bought in 1895 a Bioscope 
from R. W. Paul, decided to make and sell his 
own films in 1 896 and became one of the most 
famous early film directors, specializing in 
trick and fantastic films. He ended as a stall- 
holder in the Gare Montparnasse. Biography 
by Bessy and Duca (Paris 1945), including an 
autobiographical section. 
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MENISCUS LENS. Simplest lens used in 
photography. It is a single disc of glass, thicker 
in the centre than at the edges, and it has one 
face convex and the other concave. 

The meniscus shape reduces spherical aber- 
ration somewhat, and a small stop in front or 
behind still more, while the combination of 
meniscus shape and small stop keeps astig- 
matism within tolerable limits. The lens is other- 
wise uncorrected for any of the aberrations. 

Single meniscus lenses are found only in the 
cheapest of snapshot cameras. These lenses are 
also used as supplementary lenses to alter the 
focus of the camera lens. 

MERCURIC CHLORIDE. Corrosive sublim- 
ate; mercury perchloride. Used in intensifiers. 

Formula and molecular weight: HgCl 2 ; 271. 

Characteristics: White powder. Strongly 
poisonous. 

Solubility: Slightly soluble in water at room 
temperature. 

MERCURIC IODIDE. Used in intensifiers. 

Formula and molecular weight: Hgl,; 454. 

Characteristics: Heavy scarlet powder. 

Strongly poisonous. 

Solubility: Insoluble in water, freely soluble 
in solutions of potassium iodide, sodium 
sulphite, and sodium thiosulphate. 

MERCURY. Mercury played an important 
part in the invention of the daguerreotype 
process. Daguerre made his first pictures on 
iodized silver plates which called for very long 
exposures. He once left some under-exposed 
plates that he thought were useless in a chemical 
cupboard where there was a bowl of mercury. 
Some weeks later the plates carried visible 
images. Daguerre checked all the possible 
causes and finally concluded that the images 
had been intensified by the mercury vapour. 
He was thus able to reduce his camera 
exposures to practical proportions. 

Today the photographic uses of mercury are 
limited to the method of hypersensitizing 
negative materials by exposure to mercury 
vapour either before or after exposure. The 
method is uncertain in its effects, but under 
suitable circumstances it may double the 
effective speed of the emulsion. 

The vapour given off by a drop or two of 
mercury accidentally spilt in the darkroom can 
create a puzzling and persistent nuisance. It 
will penetrate most forms of packing and can 
completely change the characteristics of any 
sensitized materials stored in the room. Once 
it has contaminated a porous surface it is 
almost impossible to get rid of it. 

Mercury vapour in a workroom can also act 
as a long-term poison so the liquid should be 
handled with extreme caution and kept in a 
well stoppered bottle. 

One of the principal uses for mercury is as 
the indicating liquid in thermometers, but 


mercury thermometers are not easy to read 
under the darkroom safelight. In thermo- 
meters intended for use in photography, the 
mercury is nowadays replaced by a blue 
indicating liquid (generally dyed alcohol) 
which looks black by red or amber safelight 
illumination. 

Many types of mirror are produced by 
coating a mercury amalgam on to glass or 
metal, but here also mercury is losing favour. 
In photography its place is being taken by 
amalgams of harder metals — particularly for 
surface-silvered mirrors. 

A pool of mercury was used as the backing 
of the emulsion in the Lippmann colour process. 

Another unusual photographic application 
of mercury is in the so-called photography of 
perfumes. A speck of the odiferous substance 
is floated on the surface of a vessel of mercury. 
After a time, a photograph taken in brilliant 
cross lighting reveals patterns on the polished 
surface. These patterns vary according to the 
nature of the substance and they are only 
present when it has a recognizable perfume. 

Formula and atomic weight: Hg. 201. 

Characteristics: Heavy light grey metal, 
liquid at normal temperatures. Solidifies at 
-38° F. (-39° C.). Boiling point 670° F. 
(357° C.). 

MERCURY PERCHLORIDE. Chemical used 
in intensifiers; mercuric chloride. It is very 
poisonous. 

MERCURY VAPOUR LAMP. Special type of 
arc lamp in which the glowing arc is main- 
tained in an evacuated glass tube containing 
vaporized mercury. 

See alio: Discharge lamp. 

MERITOL. Proprietary developing agent. 

Formula and molecular weight: C,H 4 (OH)j. 
C,H 4 (NH 2 ),;218. 

Characteristics : White crystalline powder. 

Solubility: Fairly soluble in water at room 
temperature. 

MESSTER, OSKAR. 1866-1943. German 
pioneer of cinematography, the motion picture 
film industry, and of aerial photography. 
Designed apparatus and accessories for cine- 
matograph cameras and projectors, and for 
aerial photography. Donated his collection on 
the history of motion pictures to the Deutsches 
Museum in Munich. Autobiography (Berlin, 
1936). 

METALLOGRAPHY. Metallographers study 
the structure of metals under the microscope 
and frequently use a camera in conjunction 
with it to record their observations. The metal 
specimen must, however, first be prepared in 
such a way that incident light on its surface is 
reflected back into the objective of the micro- 
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EFFECT OF ETCHING. This dissolves away different solid 
phases, crystal face or constituents at vorying rates, and thus 
produces hollows or crystal patterns that are characteristic 
of the parts treated. When vertically illuminated and examined 
under a microscope, the various surface areas reflect the light 
in different ways and thus show up structure. 

scope. The preparation of the metallic surface 
must be carefully carried out, otherwise errors 
will be introduced and the photographs will 
not form a reliable record. 

Preparation of the Surface. A specimen of suit- 
able size for examination is cut from the object 
in question taking care not to strain it in the 
process, otherwise structures may be developed 
which are related to the strain and not to the 
original structure of the metal. The specimen 
is then polished and etched or treated by 
electrolytic polishing and etching. 

The specimen is usually filed, or ground flat 
on a wheel, before being rubbed down on emery 
papers of increasing fineness. It is usual to 
rub down the surface in such a way that the 
previous lines of scratches are removed by the 
succeeding scratches of the next finer polishing 
process — i.e., by working in a direction at right 
angles to the existing scratches. In this way the 
effects of the previous scratches can be com- 
pletely removed. It is usual to use emery papers 
numbers G, M, F, 0, 00, 000 in succession ; the 
use of papers finer than 000 is generally of 
little value, and in some cases, particularly for 
electrolytic polishing, 00 emery paper is 
sufficiently fine. To remove these last fine 
scratches, the specimen is then polished on a 
revolving pad covered with either selvyt cloth, 
special cloth or velvet, to which the polishing 
powder is added, the pad being kept moist 
with running water. This last stage of the polish- 
ing process induces the formation of a thin 
layer of “flowed” metal on the surface, the 
irregularities of the scratched surface being 
partly rubbedawayand partly filled up. 

The powders employed in polishing depend 
upon the nature of the metal and are usually 
oxides of aluminium, magnesium and chromium, 
and in particular cases, diamond dust. For soft 
metals, such as aluminium, magnesium, zinc, 
etc., alumina, which is levigated to get a parti- 
cularly fine particle size, is used. For hard 
metals, such as steels, chromic oxide is used; 
and for very hard substances, like tungsten 
carbide, fine diamond dust. 

Etching. After the specimen is polished, the 
actual structure of the metal is revealed by the 


process of etching. This consists of dipping the 
specimen in an alkaline or acid solution for a 
few seconds or more, thereby allowing an 
attack on the surface to take place, which first 
removes any film of flowed metal; the attack is 
of a chemical nature. If the metal is homo- 
geneous. then the etching reagent will dissolve 
away the surface of each crystal of which the 
metal is composed, in amounts depending on 
their respective orientations. Under vertical 
illumination the junctions of these crystal 
faces will appear dark, since the surfaces of 
adjacent crystals have been differently attacked. 
But if the specimen is not homogeneous and 
contains one or more constituents or phases, 
then an etching reagent is chosen which will 
attack one or other of the constituents so that 
it can be identified in the presence of others by 
its difference in colour. The exact choice of 
etching reagent depends upon its chemical 
relationship with the metal or alloy. 

Instead of the above standard methods of 
polishing and etching, electrolytic polishing 
offers a particular advantage when a metal is 
soft and therefore not easy to polish. The 
specimen is prepared as before down to 00 
emery paper and then is made the anode in a 
suitable electrolyte so that the surface of the 
specimen is removed by the passage of the 
current. Electrolytic etching may be carried 
out in the same bath, but using a lower voltage. 



VERTICAL ILLUMINATOR. L, small light source. R, plane glass 
reflector. S, subject, a, distance from lamp to reflector, b, 
focal length of eyepiece lens. The light from the lamp is 
reflected on to the subject, and reflected back through the 
illuminator into the eyepiece. For critical illumination the lamp 
distance from the reflector should equal the focal length of the 
eyepiece; the subject then appears at its brightest. 
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Photomicrography. A photographic record of 
what can be seen under the microscope is of 
immense value in the study of metals. Different 
ways of illuminating the specimen have resulted 
in the development of new techniques for 
further elucidating metal structures. Permanent 
records of the appearance of the specimen can 
then be carried out by a suitably modified 
technique of photomicrography. There are a 
number of such techniques in normal use. 

(1) Vertical illumination: in the examination 
of opaque bodies, such as metals, a device 
known as the vertical illuminator is generally 
used. This consists of a plane glass reflector 
mounted immediately behind (above) the 
objective and reflecting light on to the specimen. 
The light passes by reflection from the specimen, 
back through the vertical illuminator to form 
the final image. The source of light is often a 
small electric bulb with a very finely-ground 
glass diffusing screen between it and the glass 
reflector. If the source of light is so placed that 
its distance and that of the focal plane of the 
eyepiece from the reflector are equal, then 
“critical illumination” is obtained. This is the 
best mode of illumination possible. 

Both achromatic and apochromatic objec- 
tives can be used. When work of a really critical 
nature is undertaken — e.g., as in high-power 
photomicrography — apochromatic objectives 
are best; but for routine observations, the less 
expensive achromatic objectives, if of good 
quality, are quite satisfactory. When apochro- 
matic lenses are used, the red, green and blue 
rays are united at the same focus, thus eliminat- 
ing the secondary spectrum and producing an 
image free from colour interference. Achro- 
matic objectives are not free from secondary 
spectrum. 

For metallographic work, the most useful 
objectives are 25, 16, 8, 4 and 2 mm. (un- 
corrected for cover glass). The 2 mm. objective 
is an oil immersion lens with a numerical 
aperture (N.A.) of about 1 -4. In order to get 
the best results from any objective, the magni- 
fication of the image should not exceed 1 ,000 x 
N.A. For convenience a chart can be con- 
structed relating camera extension to magnifica- 
tion for each objective. 

Since the resolving power of an objective is 
directly proportional to its N.A. and inversely 
proportional to the wavelength of light used 
(i.e., it varies as N.A. /A) it follows that the 
larger the N.A., the greater the resolution or 
the finer the structure seen; the shorter the 
wavelength the greater the resolution. Hence it 
is usual in photomicrography to use blue filters 
passing wavelengths from 485 to 615 m^i in 
conjunction with backed process plates. 

(2) Oblique (dark ground) illumination: in 
certain circumstances structures may be more 
clearly revealed if the light falls obliquely on 
to the metallic surface before entering the 
objective. Special objectives are made with 
annular mirrors built into them, so that the 


external source of light falling on the mirror is 
reflected on to the metal surface and then back 
through the objective to the eyepiece. 

(3) Polarized light: structural features can be 
observed on polished metallic specimens under 
polarized light which are not discernible under 
vertical or oblique illumination or by the aid of 
phase-contrast microscopy — e.g., a ray of 
polarized light may be unaffected by the metal 
itself, but de-polarized by impurities which 
would therefore appear dark. An ordinary 
microscope can be fitted with the necessary 
polarizing devices. 

(4) Phase-contrast microscope: this type of 
microscope depends on the difference in phase 
of the light reflected from constituents which 
lie at different levels in the specimen surface 
and gives clear distinctions between constituents 
which are otherwise difficult to distinguish 
photographically. The alterations required to 
convert an ordinary microscope into a phase- 
contrast microscope are simple in principle. 

(5) Electron microscope: the highest useful 
magnification reached with the optical micro- 
scope is about 1,500 x but with the electron 
microscope sharp images can be obtained up 
to a magnification of 100,000 x and are thus of 
great use in studying sub-microscopic structures. 
The technique of preparing and mounting 
specimens is complex. 

(6) X-ray camera: this camera is of extreme 
value to the metallographer — e.g., for recording 
X-ray diffraction patterns — and much care has 
been expended on it. Both “strip” and pow- 
dered metals can be used as specimens, the 
latter needing careful preparation. 

(7) Radiographic examination : the detection 
of flaws in light and heavy metal objects is 
carried out by radiographic examination. Very 
different techniques are needed for each, plus 
increased penetrating power of the X-rays 
when examining heavy metals. M.L.V.G. 

See also : Geology. 

Books: Handbook of Industrial Radiography , by J. A. 
Crowther (London); Infra-Red and Ultra-Violet Photo- 
graphy, Eastman Kodak (Rochester, U.S.A.). 

METAL PRINTS. Metal and other solid 
surfaces can be treated so that they can 
be printed with a photographic image. The 
printing may be carried out by contact printing 
by daylight or artificial light, or by enlarging. 

After varnishing to prevent chemical action 
between the processing solutions and the bare 
metal, a photograph can be applied to it by any 
of the following methods : 

(1) The surface may be brushed over with a 
sensitized coating or emulsion, exposed under 
the negative by contact or in the enlarger, and 
then developed. 

(2) It may have the image transferred to it 
by the method of transfer coating. 

(3) It may take the place of the final support 
in the carbon or carbro processes. 

See also: Printing on special supports; Stripping. 
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METER. Instrument with a moving pointer, 
counter or scale used for measuring. In photo- 
graphy, special meters may be used for deter- 
mining the strength of the light when making 
exposures in the camera (exposure meter) and 
printing from the negative (generally a photo- 
meter); for measuring the colour temperature 
of artificial light sources (colour temperature 
meter); for measuring distances (telemeter — 
i.e., rangefinder); for measuring the tempera- 
ture of solutions (thermometer); and for 
measuring the current and voltage in electrical 
equipment (ammeter, voltmeter). 

Also U.S. spelling for metre. 

METHYL ALCOHOL. Wood spirit. Simplest 
alcohol. In the commercially pure state it may 
be used as a substitute for ordinary alcohol — 
e.g., for rapid drying of negatives, but is also 
subject to a substantial excise duty and there- 
fore expensive. 

Formula and molecular weight: CH a OH; 34. 

Characteristics: Volatile clear liquid. Poison- 
ous. 

Solubility: Miscible with water, ethyl 

alcohol acetone, and most other solvents in all 
proportions. 

METHYLATED SPIRIT. Commercial form of 
alcohol, denatured by various additions to 
render it undrinkable (pyridine, various oils), 
and usually dyed purple to draw attention to 
its denatured state. 

METOL. Elon; Genol; Photol; Pictol; 
Planetol; Rhodol; monomethyl para-amino- 
phenol sulphate; para-hydroxy-monomethy- 
laniline sulphate; l-hydroxy-4-methylamino 
benzene sulphate. Developing agent. 

Formula and molecular weight: (CH,NHC, 
H 4 OH),.H J SO«; 344. 

Characteristics: White crystalline powder. It 
may cause skin poisoning with some people 
allergic to it. 

Solubility: Fairly soluble in water at room 
temperature. Less soluble in sulphite and alkali 
solutions. 

METOL-HYDROQUESONE (MQ) DE- 
VELOPERS. Very common class of photo- 
graphic developers based on a mixture of the 
agents metol and hydroquinone. A mixture of 
these two agents has advantages which, for 
many uses, greatly exceed those of the separate 
constituents. The proportions of each, and the 
amounts of the other constituents of the 
developer, vary according to the material to 
be developed — e.g., plates, films, or papers — 
and the effect aimed at — e.g., soft or contrasty 
image. 

METOQUINONE. Developing agent con- 
taining a combination of metol and hydro- 
quinone. On dissolving, the two developing 
agents are liberated. 


METRE (METER). Unit of length in the 
metric system. Originally (1801) specified as 
one-ten-millionth of a quarter of the earth's 
circumference (equator-to-pole distance). The 
reference standard is now the distance at a 
standard temperature between two marks 
engraved on a platinum bar preserved in 
Paris. 

See also: Weights and measures. 

METRE CANDLE. Unit of illumination more 
usually known as the candle metre and also as 
the lux. 

See also: Light units. 

METRIC SYSTEM. System of weights and 
measures laid down in 1801 by the French 
Republic and now almost universally employed 
for scientific measurements on account of its 
arithmetical convenience, as all units are 
interrelated in terms of 10 or its powers. 

The basic unit is the metre, originally 
specified as one-ten-millionth of the pole- 
to-equator distance, but which now refers 
to a standard metal bar preserved in Paris. 

Length in the metric system is measured in 
kilometres (1,000 metres), metres, centimetres 
(1/100 of a metre) and millimetres (1/1000 of a 
metre). 

Area is measured in squares of the above 
units and also in units of 1 hectare (10,000 
square metres) and 1 are (100 square metres). 

Volume is measured in cubic centimetres 
(c.cm.) and multiples and sub-multiples of the 
litre (the volume of 1 kilogram of pure water 
at 4° C.). 

Weight is measured in terms of the gram 
(originally specified as the weight of one cubic 
centimetre of water at 4° C. but now referring 
to a standard weight preserved in Paris). 
Other units are the milligram (1/1000 gram) and 
kilogram (1,000 grams). 

An Act of Parliament, passed in 1 864, made 
the system legal in Great Britain. 

See also: Weights and measures. 

MICRO. Prefix indicating one millionth part 
of any unit. Also used as a prefix to indicate 
anything small or minute or used for exami- 
nation or measurement of small objects. 

MICROCOPYING. In microcopying, the 
leaves, pages, or sheets of the document are 
photographed on to 35 or 16 mm. film. The 
negatives are then read by projecting them on 
to a screen, or if black-and-white prints are 
wanted, they are made by enlargement in the 
usual way. Any number of duplicates of the 
original miniature film can of course, be made 
and, thanks to this process, copies of rare books 
and records have been made available to 
students and libraries all over the world. It may 
well be that the libraries of the future will con- 
sist of collections of microfilm copies of books, 
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MICRO-FILMING CAMERA. A, camera unit. B, fixed lamps. 
C, exposure meter on movable arm to swing over document to 
be copied, and providing standard exposure times for all 
originals after calibration. D, exposure control wheel, acts by 
varying the light intensity. E, foot switch operating the shutter. 
F. reduction scale on column. G, camera control wheel for 
raising and lowering camera unit, also adjusts lens focus. 

manuscripts and newspapers, occupying some- 
thing like one hundredth or less of the space 
and capable of yielding further copies at quite 
a small cost compared with other means of 
reprinting or reproduction. 

Equipment. Microcopying is carried out by 
various forms of special miniature camera 
equipment with film magazines to carry several 
hundred feet of film. The camera is generally 
mounted above a table with a flexible system 
of lighting so that a range of sizes of document 
can be evenly illuminated. In the most recent 
apparatus, the setting and release of the shutter, 
the control of the lighting, and even the turning 
of the pages of the book are synchronized and 
remote controlled. 

Many normal miniature cameras also can be 
adapted for microcopying with specially 
designed accessories for this purpose. 

Special viewing apparatus is made for use 
with microfilm copies. The usual form is a 
table viewer fitted with a back projection 
screen of 18 ins. square or more. The film, on a 
spool, is fitted into the viewer and threaded on 
to a take-up spool in much the same way as a 
cine projector. Operation of a control knob or 
lever moves the film to bring a new f rame on to 
the screen. 

Combined camera and viewing equipment is 
also made so that the apparatus can be used 
for both copying and viewing. 


Film. Film for microcopying must have a 
superfine grain, high contrast, and high 
resolving power because the image is naturally 
very small. The scale of reduction is usually 
from 1 : 12 to about 1 : 15, and the distance 
between camera lens and document about 30 
inches. 

This means that documents up to a maximum 
of 10 x 14 ins. can be copied — i.e., rather less 
than folio size (12 x 16 ins.). 

Both 16 mm. and 35 mm. film are commonly 
used for microcopying, although with the 
finer grain now available in modem emulsions, 
16 mm. is becoming particularly popular. The 
film may be perforated as with cine film, but 
unperforated film is made specially for micro- 
copying. 

Airgraphs. The airgraph service used during 
the last war is an interesting application of 
microcopying. A form upon which a message 
of some 700 words could be written by the 
sender was copied on microfilm, sent overseas, 
and then reproduced photographically at its 
destination for a cost of less than one penny 
per letter. H.W.G. 

See also: Document photography. 

Book: Document Photography, by H. W. Greenwood 
(London). 

MICROFILM. Name for the type of negative 
material specially manufactured for use in 
microcopying cameras. It has an almost 
grainless panchromatic emulsion with a high 
resolving power and is normally available in 
35 mm. and 16 mm. perforated and unper- 
forated film. 

MICROFLASH. Electronic flash of extremely 
short duration (of the order of 1/1,000,000 
second) used for the photography of specially 
fast moving subjects — e.g., in ballistics, design 
of machinery, aircraft research, and others. 

See also : High speed photography. 

MICRON. One millionth of a metre. The term 
is most commonly used in expressing the wave- 
length of light. 

See also: Light units. 

MICROPHOTOGRAPH. Photograph made 
on a greatly reduced scale; the opposite of a 
photomicrograph. Microphotographs were a 
popular novelty at the beginning of the century 
in articles ranging from paper knives to cravat 
pins. 

A photograph, reduced on to a tiny disc of 
collodion emulsion was bound up with a small 
blob of glass that served as a very short focus 
lens. This assembly was then mounted in a 
small hole in, for instance, the handle of a 
penknife. 

By looking through the hole at the sky, the 
observer was rewarded by a view — as likely as 
not — of Niagara Falls or the Albert Memorial. 
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MICROPHOTOGRAPHY. Term used on the 
Continent for the technique of making large 
photographs of very small objects through the 
microscope. In Britain and the U.S.A. this 
technique is known as photomicrography, 
while the term microphotography is applied to 
the reverse method — i.e., of making micro- 
scopically small photographs of objects by 
optical reduction. 

MICRORADIOGRAPHY. Special radio- 
graphic technique for examining the internal 
structure of thin specimens at high magnifi- 
cations. The technique is also known as X-ray 
micrography. 

To make a microradiograph, a plane section 
of the specimen up to 1 mm. thick is placed in 
contact with the emulsion of an ultra-fine 
grain film or plate and exposed to a source of 
X-rays. The image in the emulsion is then en- 
larged up to 300 times for examination, and 
shows the internal structure of the specimen. 

The technique depends on the use of the 
finest grained emulsion possible. Before 
modem ultra-fine grain materials became avail- 
able, Lippmann emulsions were employed. 

MIETHE, ADOLF, 1 862-1927. German astro- 
physicist. From 1899 Professor at the Tech- 
nische Hochschule (Technical High School) in 
Berlin as successor of H. W. Vogel. Earlier a 
director of Voigtliinder & Sbhne. Calculated 


an aplanat lens in 1888 and introduced a tele 
objective in 1891. In 1902 discovered new 
isocyanine sensitizing dyestuffs (with A. 
Traube); the Aethyl-Rot was used in the 
panchromatic Perutz Perchromo plates in 
1904. Also worked on three-colour additive 
projection and printing. 

MILD (Lat. mille, a thousand.) Lineal mea- 
sure equal to 1,760 yards, or 5,280 feet. Origi- 
nally 1,000 paces or roughly 1,680 yards. 

The nautical mile, standardized by the 
British Admiralty, is approximately one minute 
of arc of the earth’s surface and equals 6,080 
feet. This is also the British Geographical mile. 

The International Geographical mile is 
one-fifteenth of a degree of the earth’s circum- 
ference measured at the equator and equals 
approximately 4-61 statute miles — i.e., miles 
of 5, 280 feet. 

See also: Weights and measures. 

M ILLI -. Prefix signifying a thousandth part of. 
It is used principally in the metric system — e.g., 
millimetre, millilitre, milligram. 

See also: Weights and measures. 

MILLIMICRON. Thousandth part of a 
micron, used principally to measure the 
wavelength of light rays. 

S«e alio: Light units. 


MINIATURE CAMERA 


Term applied generally to camera using 
perforated (or sometimes unperforated) 35 
mm. cine film as negative material for still 
photography. 

A wider view, based on an official definition 
by the Royal Photographic Society, includes 
cameras taking negatives up to 2i ins. square. 
However, there are many constructional princi- 
ples and points of technique which specifically 
apply to 35 mm. cameras and are not shared 
by roll film cameras (even for negative sizes 
below 21 ins. square). For that reason the 
term miniature camera is here used only for 
cameras taking 35 mm. film. 

Precision. Miniature negatives have to be en- 
larged to yield prints of a reasonable size and 
this magnifies any shortcomings of definition. 
So the camera has to be constructed with 
greater mechanical precision and fitted with 
lenses of a higher standard of sharpness than 
a larger camera of comparable quality. 

The degree of enlargement necessary also 
emphasizes grain and physical faults in the 
negative. The films therefore require much 
more careful treatment, and often special fine 
grain processing. From the start, miniature 
cameras were thus associated with a particular 
miniature technique of photography. In due 


course this not only influenced technique with 
larger film sizes but was also responsible for 
great advances in film manufacture. 

Film. The majority of 35 mm. miniature 
cameras take 24 x 36 mm. (approx. 1 x II in.) 
negatives, but some take 24x24 mm. negatives, 
and a few, odd sizes like 24 x 32 mm, and 1 8 x 
24 mm. The 24 x 32 mm. size is an attempt to 
get away from the established 24 x 36 mm. 
format which is often considered too long. 

As 35 mm. film has no backing paper, film 
transport has to be entirely mechanical. The 
perforations of the film are utilized for this pur- 
pose. The transport system therefore usually 
consists of a sprocket wheel or shaft which en- 
gages the perforations and pulls the film past 
the picture aperture. This is coupled to a take- 
up spool (often by a slipping clutch system to 
compensate for the varying thickness of the 
spool as more film is wound on it). A transport 
lock comes into operation when sufficient film 
has been advanced for the next shot. At the 
same time the transport sprocket also works a 
film counter. 

The film is carried in light-tight cassettes 
which are loaded into the camera in daylight. 
When the whole film is exposed it usually has 
to be rewound into its cassette before unloading. 
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PRECISION 35 mm. MINIATURE CAMERA. Top left: Genera /view against 1 1 n. square grd. Centre left; Side view. Bottom left: 
Section Co show path of film. Top right: Top view. Upper centre right: Front view. Lower centre right: Back view. Bottom 
right: Bottom view. 

A, film transport knob. B, base plate. C, accessory shoe. D, flash synchronizing setting. E, rangefinder magnifier control. F, slow 
shutter speed dial. G, film Indicator In transport knob. H, lens In collapsible mount. I, reversing lever. J, main shutter speed dial. 
K, rangefinder windows. U rewind knob. M, viewfinder window. N, aperture lever. O, self timer. P, focusing lever. Q, release 
button. R, film counter. S, flash socket. T, twin viewfinder and rangefinder eyepieces. U, tripod bush. V, baseplate lock. 
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but in some cameras a second cassette takes the 
exposed film. In that case no rewinding is 
necessary. 

Loses. The majority of miniature cameras 
have lenses with a focal length of 1| or 2 ins. 
(4-5 or 5 cm.). Some models, especially those 
using 24 x 24 mm. negatives, have lenses with 
focal lengths as short as If ins. (3-5 cm.). 

The maximum apertures of miniature lenses 
range from / 4-5 upwards. A common value 
for less expensive models is /3-5 or / 2 8, while 
precision cameras may have lenses with aper- 
tures upto/2or 1-5. 

Owing to their comparatively short focal 
length, the standard miniature lenses have a 
much greater depth of field than lenses of simi- 
lar aperture on larger cameras. This makes the 
miniature specially suitable for all photography 
calling for the greatest possible depth of field at 
fairly large apertures without the need for criti- 
cal focusing. The depth of focus is, however, 
very small, and the film track must therefore be 
very accurately machined to keep the film in 
exactly the right position. 

Expensive miniatures may have interchange- 
able lenses with focal lengths ranging from 
under 1 to 20 ins. (2 to 50 cm.). 

Shutters. Miniature cameras with non-inter- 
changeable lenses are usually fitted with 
between-lens diaphragm shutters. A focal 
plane type is normal for models with inter- 
changeable lenses, but there are also cameras of 
this type with diaphragm or rotary blade 
behind-the-lens shutters. A few cameras use a 
between-lens shutter in conjunction with a 
convertible lens system. In this arrangement 
the rear lens component and the shutter remain 
permanently on the camera, while the front lens 
unit is interchangeable to provide a range of 
focal lengths. 

Most miniature cameras have the shutter 
tensioning movement coupled with the film 
transport to prevent double exposures. 

Camera Body. Generally, miniature cameras 
have a rigid body, often of die-cast metal. The 
lens is fitted in a collapsible mount that can be 
extended and locked in the taking position or 
pushed back into the body when not in use. On 
cameras where the lens has a focal length 
shorter than li ins. (4 cm.) the lens may be 
mounted permanently and rigidly in the taking 
position. 

A number of folding miniature cameras also 
use a conventional bellows, or cased in arrange- 
ment for extending the lens. 

Types of Minia ture Camera. 35 mm. cameras 
can be classified according to their basic 
characteristics. 

Simple miniatures usually have a rigid body 
(which is easier to make really accurately than 
a folding bellows type) and a medium-speed 
lens in a between-lens shutter. Some have a 
built-in rangefinder. 

Precision miniatures may have rigid or fold- 
ing bodies, and are made to the highest stand- 


ards of precision engineering. They usually 
have coupled rangefinder focusing, and may 
feature interchangeable lenses. 

Many miniature cameras incorporate expo- 
sure meters, often coupled to the aperture and 
shutter speed controls. In some cases the meter 
is fully automatic and directly sets the exposure 
without attention from the user. 

The automatic miniature incorporates a 
spring motor which permits rapid sequence 
shots at a rate of up to 8 shots a second, with 
as many as 24 shots at one winding. The motor 
automatically retensions the shutter, transports 
the film and advances the film counter after 
every exposure. A built-in battery-powered 
electric motor may do the same job. 

The miniature reflex was originally built on 
the same lines as the larger single-lens reflex 
cameras, but has now been developed into a 
distinct type of its own. Present-day models 
often have an eye-level viewing arrangement for 
the focusing screen, showing an upright and, in 
some cases, right-way-round image. 35 mm. 
twin-lens reflex cameras are very rare. 
Miniature Systems. Some of the more expen- 
sive precision miniatures have developed into 
an extensive and highly versatile system of 
equipment. Apart from the normal camera 
accessories (filters, lens hoods, cable releases, 
cases, etc.), this system includes specialized 
apparatus designed to adapt the camera for 
particular types of work. 

Some of the accessories extend the scope of 
the camera. This group covers interchangeable 
lenses and viewfinders to go with them, simple 
close-up attachments, extension tubes and 
rapid winding gear. 

Other more complex equipment converts 
cameras into specialized photographic tools for 
particular purposes outside the scope of normal 
photography. These include items like copying 
outfits, microscope attachments for photomi- 
crography, reflex housings for tele- and close-up 
photography and stereo adapters for stereo 
photography. The basic unit of the system is 
in each case the miniature camera itself. 
Miniature Conversion. A few roll film cameras 
of larger sizes can be adapted for using 35 mm. 
film by suitable conversion outfits. This may 
combine some advantages of the particular 
camera employed (e.g. reflex focusing in the 
case of a twin-lens reflex) with the economy of 
35 mm. photography. However, the perform- 
ance of the lens in relation to the size of the 
negative is not always as good as that of a lens 
specially computed for a genuine miniature; 
conversion can also only be successful if the 
camera to be adapted is made with sufficient 
precision to meet the demands of miniature 
technique. L.A.M. 

See also: Camera history; Lelca; Miniature camera 
technique ; Quick-fire camera; Sub-miniature camera. 
Books: Cameras, by W. D. Emanuel and A. Matbeaon 
(London); The Contax Way, by H. Freytag (London); 
The Lelca Way, by A. Matheson (London); The Retina 
Way, by O. R. Croy (London). 
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MINIATURE CAMERA TECHNIQUE 


The 35 mm. miniature camera, in spite of its 
limitations, is an extremely versatile instru- 
ment. The system of photography to which it 
has given rise is capable of good work within 
its own sphere. 

The modem miniature camera has unique 
advantages, and a technique of its own. It is 
light and compact, so it is easy to carry and 
handle. It usually has a lens of wider aperture 
than that on bigger cameras and faster shutter 
speeds, while it holds negative material for a 
large number of exposures. In some miniatures 
it is possible to cut off and process part of a 
film, leaving the rest in the camera. There are 
miniatures with coupled rangefinders for pre- 
cise and easy focusing and others with reflex 
focusing on a ground-glass screen. Most im- 
portant of all, the best miniatures will take a 
range of lenses and accessories which make 
them almost universal instruments. 

But the miniature has no camera move- 
ments — i.e., front and back swing and tilt, 
rise and cross front, triple and double exten- 
sion — and this explains some of its limitations, 
although by the use of extension tubes the 
absence of great bellows extension can be 
overcome. 

The small negative calls for first-class 
material, exact exposure and development, and 
scrupulously clean processing. 

Faultless photographs can only be pro- 
duced by the miniature camera system with 
great care and skill, not merely in processing, 
but right from the start— even before the 
picture is taken. 

Cleanliness is an essential and calls for care in 
handling, carrying, storing and maintaining 
the camera and all its accessories and lenses. 
Shutter Operation. Miniature negatives require 
a greater degree of enlargement than bigger 
sizes, so it is more essential to avoid camera 
shake. There are many methods of holding the 
camera and most of them are sound; the im- 
portant thing is for everyone to find out which 
method gives him a firm, steady — and com- 
fortable — grip on the camera and a simple, 
smooth pressure on the shutter-release. Each 
photographer must develop a shake-free 
shutter-release technique. A gentle squeeze 
with the most sensitive touch at the actual 
moment of release should be the aim. This 
calls for practice. Precise definition and dead- 
sharp negatives are impossible if there is the 
slightest trace of camera shake. 

Again, every photographer must find out 
what shutter speeds he can safely use with the 
camera held in his hand. Some photographers 
claim that they get no trace of shake at slow 
speeds of 1/25, 1/10 and 1/5 second, others 
trust nothing slower than I /250 — and they are 
probably the wisest. 

Using the Viewfinder. The eye should be as 
close as possible to the rear window of the view- 


finder and must look straight through it; 
oblique viewing will give misleading image 
boundaries. Beyond this, the main problem 
is that of parallax — the slightly different 
fields of view taken in by lens and viewfinder 
owing to their different positions. Only close 
shots of under 10 feet are affected. On some 
miniatures the necessary compensation is made 
automatically; in others the photographer must 
remember that his lens is looking from a view- 
point so much above, below or to the side of the 
finder, and make his own allowances. 

When lenses of different focal lengths are 
used on miniature cameras, a variable type of 
viewfinder is often employed. This accepts 
various masks or allows other adjustments so 
that the viewfinder shows exactly the same field 
of view as the selected lens. 

Focusing. Correct focusing is an important part 
of successful miniature camera technique and 
can be achieved in more ways than one. Range- 
finder focusing is a straightforward routine 
and, when the finder is coupled, the lens is 
automatically adjusted for focus as the images 
in the finder come together. It is usually more 
convenient to focus on some clearly defined 
edge in the picture if there is one. If the double 
image cannot be seen in the rangefinder window 
the chances are that the camera is not pointing 
straight at the subject. 

Another method of focusing is to estimate the 
distance and set the lens to the mark on the 
scale. This is useful when pictures must be 
taken unobtrusively and when to hold the 
camera up some time for focusing would 
attract attention. The greater depth of field 
given by miniature lenses makes such focusing 
techniques possible. 

Zone focusing is a variation of this routine. 
The lens is pre-set at a distance where the 
depth of field at the aperture being used covers 
the near and far limits of subject movement. 
Pictures can then be taken without stopping to 
focus whenever the subject comes inside the 
zone of sharpness. This method is more success- 
ful at small lens apertures as the zone is then 
wider. 

The image with the miniature reflex is 
focused on a ground-glass screen. Some non- 
reflex miniatures have a special reflex focusing 
adapter which virtually converts the camera 
into a reflex type when using long focus lenses. 
Grain. Compared to other larger negative sizes, 
miniature negatives require much more en- 
largement when prints are made. For this 
reason it is essential that adequate precau- 
tions should be taken to avoid objectionable 
grain in the image. 

Where speed is unimportant, the slower 
fine grain negative materials are the better 
choice. However, to retain the fine grain, it is 
equally important to keep exposure to a mini- 
mum; over-exposure leads to coarser grain. 
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THE MINIATURE SYSTEM. The complete range of accessories of a precision miniature extends its scope to many applications. The 
most advanced miniatures thus comprise an almost self-contained system of equipment, to control the field of view, the scale of the 
subject, as well as operation. A: The interchangeable lenses may include focal lengths from around I in. for wide-angle shots to 
20 ins. or more for telephotography. B, C and D: Special finders f or the alternative focal lengths clip into the accessory shoe of the 
camera. E: Other lens attachments may include stereo units, either of the twin-lens or the beam splitter principle. F: Subjects 
closer than about 3 feet can be covered with focusing adaptors which fit between the camera and lens, and also automatically adjust 
the rangefinder. G: For accurate large close-ups and macrophotography some miniature systems provide a reflex housing to permit 
screen focusing, and extension bellows to cover a continuous range of very near distances. H: Alternative close-up systems utilize 
a focusing stage with a ground glass screen housing mounted interchangeably with the camera. I: Distance gauges used with 
extension tubes or supplementary lenses ensure rapid and exact placement of camera and subject when copying. 
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By using special fine-grain developers, further 
improvement results (although over-develop- 
ment will cause coarser grain). Most genuine 
fine-grain developers lower the film speed, 
although quite a few developers have been 
introduced which, besides giving finer grain, are 
actually claimed to increase the film speed. 

The miniature photographer therefore can 
use a combination of film, exposure and 
development which will give perfectly adequate 
fineness in the grain. With the materials now 
available, grain presents no serious problems. 
Choice of Equipment. The range of lenses and 
accessories of the miniature camera makes it 
possible to carry out a wide variety of work 
and to overcome some of the drawbacks of the 
absence of camera movements and the small 
negative. Excellent work can be done with one 
lens, but it is the extra equipment which gives 
miniature photography its enormous scope 
and advantages. 

A suggested basic outfit ought to include at 
least the camera and its normal lens, with an 
ever-ready case, lens hood, cable release, tri- 
pod, and a photo-electric exposure meter. This 
equipment could be the starting point; the 
aim being to add other items when necessary. 
To some photographers the most important 
extra would be a longer-than-normal focal 
length lens; others would want a wide-angle 
lens or a lens of the widest aperture. Most good 
miniature manufacturers list a number of 
lenses of short, normal, long and extra-long 
focal length. The quality is not necessarily 
constant and the cost varies accordingly; but 
for miniature cameras, the higher quality lenses 
should be an automatic choice. 

Close-ups. In the field of close-up photography 
the miniature camera is particularly efficient 
and there are accessories — e.g., supplementary 
lenses, extension tubes, and special equipment 
— which permit copying and close-ups to be 
made to a very high standard. A difficulty is 
that the viewfinder is no longer accurate at 
these short distances, but it is overcome by the 
use of special distance gauges, copying stands, 
and frame finders. With a miniature camera, 
hand-held close-ups are practicable and 
accurate rangefinding is often possible at 
close quarters by the use of a separate range- 
finder or by an addition to the existing range- 
finder. Extension tubes are specially useful 
with the miniature reflex. The reflex adapters 
available for some non-reflex cameras make 
close-up focusing a simple matter. 

In all close-up photography there is very 
little depth of field, so small apertures and long 


exposure times are the rule. Exposure times can 
be solved mainly by experience based on trial 
and error and extensive notes. 

The Miniature Approach. Good prints from 
small negatives are a result of several things: 

(1) Correct exposure, because the small 
negative is not really suitable for after-work, so 
exposure faults are not easily remedied later. 

(2) Perfect definition, because unsharpness 
can be particularly noticeable when magnified 
by enlargement. 

(3) Standardized processing to cope with a 
long length of film containing up to 36 nega- 
tives, often covering a variety of subjects and 
lighting conditions. 

(4) Maximum use of negative area, because 
with such a small frame available none of it 
should be wasted. 

Tackling the subject with these points in 
mind wins half the battle. The other half con- 
cerns the choice of subjects. 

The wide aperture lens makes hand-held 
shots practicable in poor light and makes 
possible easier night-time shots indoors and 
out as well as stage photography by ordinary 
stage lighting; circus pictures; seaside illu- 
minations, etc. The convenience of the small- 
size camera makes it ideal for hand-held 
photography of subjects such as children and 
animals that are always on the move and do not 
stay still; for unposed natural pictures of every- 
day life in the home, garden, street or beach; 
and for recording tours, holidays, trips abroad, 
and family events. The large number of expo- 
sures available at one loading is an invaluable 
asset in producing picture sequences where 
many shots are made in quick succession. 

The interchangeable lens system permits the 
subject matter to fill the negative every time, 
and provides the means for specialized work in 
industry, medicine, research. The system also 
enables good portrait, architectural and land- 
scape photography to be undertaken, in spite 
of certain limitations in these fields. 

The very great depth of field of the standard 
and wide-angle lenses is a useful feature; 
though it can also be a drawback where differ- 
ential focusing is needed to isolate a subject 
from its surroundings. 

The secret of good miniature camera work 
lies in thoroughly understanding the equipment 
and exploiting its advantages. A.H. 

See also: Fine grain technique; Focusing stage; Reflex 
attachment. 

Books: AN About Using a Miniature Camera , by P. 
Harris (London); My Way With the Miniature, by L. 
Vining (London); 35 mm. Photo Technique , by H. S. 
Ncwcombc (London). 


MINIM. Smallest of all units for measuring 
liquids. One minim is equal to drachm, or 
approximately an average drop. 20 minims 
correspond to about I c.cm. 

See also: Weights and measures. 
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MIRED. Contraction of “micro-reciprocal 
degrees”. The mired value of a light source is 
the colour temperature in degrees K divided 
into 1,000,000. 

See also: Colour temperature. 



MIRROR. Polished surface which reflects 
rays of light falling on it in accordance with 
certain optical laws. 

Mirrors may be either flat or curved; both 
types are used in photography. They may be 
made of metal or glass. 

Glass Mirrors. A glass mirror consists of a sheet 
of plate glass coated with silver on one side. For 
ordinary purposes, the glass side of the silver is 
used as the reflecting surface and the outside of 
the silver coating is covered with a protective 
coat of paint. Mirrors of this type keep their 
brilliance indefinitely because the silver coating 
is completely sealed. The only disadvantage is 
that the surface of the glass itself acts as a 
mirror and gives a weak secondary reflected 
image. Normally this is not troublesome, but 
it cannot be tolerated in optical and photo- 
graphic apparatus for which front surface 
(often surface silvered) mirrors must be used. 
Surface Silvered Mirrors. In this type of mirror, 
the polished glass is coated with silver, usually 
by cathodic sputtering. The glass in this case is 
merely a support for the silver film and does 
not protect it. Usually a very thin coating of 
transparent varnish is sprayed on to the silver 
to prevent it from being oxidized quickly, but 
even so, surface silvered mirrors tend to lose 
their brilliance and have to be resilvered from 
time to time. Silver is nowadays replaced by 
other metals and alloys, particularly alumin- 
ium deposited on the glass support by vacuum 
evaporation. In photography, the principal 
use for front surface mirrors is for the viewing 
mirrors in single and twin lens reflex cameras. 
Half-Silvered Mirrors. The metallic coating on 
a glass mirror can be made so thin that it 
reflects only part of the light falling on it and 
allows the remainder to pass through without 
interruption. Half -silvered mirrors of this type 
are used in some optical rangefinders, visual 
exposure meters and microscope illuminators. 
Metal Minors. Mirrors may be made by giving 
a high polish to a metal surface by burnishing. 
The metal principally used is stainless steel but 
minors are also made by plating chromium on 
to a support of another metal. It is difficult and 
therefore very costly to produce a perfectly 



REFLECTION FROM A PLANE MIRROR. The image appears at 
the same distance behind the reflecting surface as the object Is 
in front. Owing to its thickness, a glass mirror forms a secon- 
dary image by refection from the front surface. 



REFLECTION FROM A CURVED MIRROR. Parallel rays of light 
are reflected back to a focal point. This is situated at a distance 
equal to half the radius of curvature. 

flat metal surface, and the reflecting power of 
the polished metals is not as high as that of the 
evaporated metal on glass minors. So the 
optical quality of commercially produced metal 
mirrors is rarely as high as that of glass and 
they are only used in places where a glass 
minor might get broken by shock or heat — 
e.g., in some camera viewfinders and in the 
lamphouses of enlargers and projectors. 

Curved Minors. Curved minors are used to 
serve the same purpose as a lens in many kinds 
of optical apparatus. A curved minor surface 
behaves in much the same way as a lens with 
the advantage that it is completely free from 
chromatic aberration. A concave mirror 
behaves like a convex lens — i.e., it brings 
parallel rays of light falling on it to a real 
focus (but on the same side as the light source). 
A convex mirror behaves like a concave lens — 
i.e., it brings parallel rays of light falling on it 
to a virtual focus (behind the mirror). 

Curved mirrors intended for forming an 
image are usually spherical — i.e., the surface is 
part of the surface of a sphere. A parabolic 
shape is used for mirrors intended to reflect a 
parallel beam of light — e.g., in lamphouses, 
motor car headlamps and searchlights. When 
the light source (which is as nearly a point as 
possible) is placed at the focus of the parabola, 
the resultant reflected beam is parallel and as 
wide as the diameter of the opening. Parabolic 
mirrors have the advantage that they can be 
extended to reflect most of the source’s rays. 
Cleaning and Resilvering. Ordinary mirrors 
may be cleaned by washing the glass with warm 
soapy water and drying with a chamois leather. 

Surface silvered mirrors cannot be cleaned by 
ordinary means. The most that the user can 
safely do is to remove dust from the surface 
with a soft camel hair brush. Surface alu- 
minized mirrors can be cleaned by washing 
with a detergent. 

When the silvering of a mirror becomes too 
dull or scratched to give a clear image it can 
be renewed for a shilling or two. It is not worth 
the amateur’s while to attempt to resilver a 
mirror. 

See also: Beam splitter; Mirror lens; Reflectors. 
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MIRROR LENS. Newton investigated the 
properties of both lenses and mirrors and came 
to the conclusion that lenses could never be 
freed from chromatic aberration. So he decided 
that it was better to use mirrors than lenses in 
constructing telescopes. His conclusions were 
later found to be incorrect, but mirrors are, 
nevertheless, more suitable for astronomical 
telescopes than lenses, because they produce 
much better axial images. 

Advantages. An/4 concave mirror will produce 
a practically perfect axial image, while if the 
mirror is made parabolic, even larger apertures 
are possible. By contrast, an achromatic lens 
telescope objective is limited to a maximum 
aperture of /5 by its residual chromatic 
aberration. In astronomy, where the highest 
standard of definition is required, even the 
parabolic mirror is usually limited to/5. 
Disadvantages. Mirrors have the constructional 
disadvantage that they form an image which is 
in the path of some of the incident light, so 
blocking the centre of the initial beam and 
slightly reducing the aperture of the mirror. 
Sometimes a second mirror is used to reflect the 
light and form the final image behind a hole in 
the centre of the first mirror. 

Astronomical telescopes are normally used 
for photographing heavenly bodies, as well as 
for observing them ; so in this specialized field, 
it can be said that mirrors have been used as 
photographic lenses for some time. Unfortu- 
nately, because of the large off-axis aberrations, 
telescope systems, whether made with lenses or 
mirrors, cover only a very small field, so they 
are not suitable for normal photography where 
a very much wider angular field is required. 
Schmidt Mirror Lens. Bernhard Schmidt in 1 93 1 
developed a mirror lens which overcame many 
of the disadvantages of the telescopic system. 
The Schmidt camera employs a spherical 
mirror to form an image on the photographic 
film. The aberrations of the mirror are com- 
pensated by a glass plate with an aspheric 
surface mounted at the centre of curvature of 
the mirror. The curvature of field is, however, 
very large and has to be overcome by using a 
special curved photographic plate. When this 
is done, it is possible to cover a field of 24° and 
work satisfactorily at an aperture of / 1-0, 
which is an extremely good performance fbr 
such a simple optical system. 

Schmidt-type lenses have been improved by 
using spherical and plane instead of aspherical 
surfaces, and it is now possible to produce a 
mirror lens system with a flat field at / 1-0. 
History. Spherical mirrors were first used in 
place of lenses in microscopes by Robert Barker 
in 1736. They were soon replaced by achromatic 
lenses, but in recent years a number of reflecting 
microscopes have been constructed under a 
grant from the Nuffield Foundation. These 
microscopes have aspherical mirrors of alumi- 
nized speculum metal for both condenser and 
objective and they give a numerical aperture 


of 0-65. They are used principally for infra-red 
and ultra-violet microspectroscopy for which 
they are particularly suited by their freedom 
from chromatic aberration. Reflecting micro- 
scopes employing spherical surfaces are now 
obtainable commercially. 

The 200 ins. mirror in the astronomical 
telescope at the Mt. Palomar observatory in 
California is the largest in the world. 

See also: Lens history. 

Book: Photographic Optics , by A. Cox (London). 

MIRROR PHOTOGRAPHS. There is nothing 
difficult about taking a photograph of a scene 
reflected in a mirror. What the eye sees when it 
looks at the mirror from the camera position 
will come out in the photograph exactly as 
though the objects reflected were being photo- 
graphed directly, but there are one or two 
points that must be remembered. 

Focusing. The reflection in the mirror must be 
regarded as being as far behind the mirror as 
the object is in front of it, so the lens must be 
focused on that distance plus the distance from 
the camera to the mirror. It must not be 
focused on the surface of the mirror. For 
example, suppose the photographer is taking 
his own portrait and he is 3 feet from the 
mirror with his camera 1 foot in front of him. 
His reflection will be 3 feet behind the mirror 
and, as the camera is 2 feet in front, then the 
total distance from the camera to the reflection 
will be 5 feet. Accordingly the camera lens 
must be focused on that distance to give a sharp 
image. 

This simple relation only holds good so long 
as the camera is looking straight into the 
mirror. If it is pointed at an angle, to photo- 
graph objects lying to the right or left or above 
or below, then the focused distance must be 
equal to the distance from the camera to the 
object via the mirror measured along an 
imaginary line joining the two— i.e., along the 
path of a ray of light which proceeds from the 
object to the mirror and is reflected from the 
surface into the camera lens. This distance can 
be found by measuring from the object up to 
the surface of the mirror in the direction of the 
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FOCUSING IN A MIRROR. The total focusing distance Is the 
sum of the camera-mirror and of the mirror-subject distances , 
i.e. the subject is focused as if it were behind the mirror. 
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reflection of the camera, and from that point 
on the surface of the mirror to the camera 
itself. 

With rangefinder or screen focusing, so 
long as the reflection and not the surface of the 
mirror is focused on, the image will be sharp, 
no matter what the angle of the line of sight or 
the distances of subject and camera from the 
mirror. 

Effect of Glass. The ordinary domestic “look- 
ing-glass” is silvered on the back of the glass, 
and there is always a dim secondary reflection 
from the surface of the glass in addition to the 
bright reflection from the silvered surface. At a 
distance of several feet, this double reflection 
is not usually noticeable, but it may be objec- 
tionable in close-up pictures. The answer then 
is to use a polarizing Alter in front of the lens, 
turning it until the surface image is no longer 
visible in the focusing screen — or when viewed 
directly through the filter. 

The image reflected by the mirror is reversed 
from left to right. This does not matter with 
some subjects but it is undesirable in portraits 
and pictures where there is any printed matter. 
If the photograph is intended to look what it is, 
a mirror reflection, then there is no need to do 
anything further about it, otherwise the nega- 
tive must be printed with the emulsion side 
away from the paper to cancel out one reversal 
with another. 

Photographs may be taken of subjects re- 
flected in the surface of distorting mirrors of 
the type set up in amusement arcades and fair- 
grounds. Here the same rule holds good as for 
plane mirrors, but it is not possible to fix the 
position of the reflection accurately. With 
rangefinder or screen focusing the lens should 
be focused on the important part of the reflec- 
tion — e.g., the face — and a small stop used to 
bring as much of the rest as possible into focus. 
With a scale focusing camera, all that can be 
done is to set the lens as for photographing in 
a plane mirror and then use the smallest prac- 
ticable stop to extend the depth of field suffi- 
ciently to cover any errors. 

Where the mirror has a regular curve— e.g., 
spherical or parabolic — the image can be 
focused directly by rangefinder or screen in the 
normal way. But scale focusing by any of the 
methods described above is useless because the 
image may lie farther away from or closer to 
the surface of the mirror than the object 
reflected. The position of the reflection can be 
found from the fundamental optical equation 
if the focal length of the mirror is known. The 
focusing scale can then be set for the total 
mirror-reflection and mirror-camera dis- 
tances. F.P. 

See also: Self-portraits. 

MIST. Particles of water vapour suspended in 
the atmosphere. These particles tend to reflect 
the rays at the blue end of the spectrum, but 
they are more transparent to the rays at the 
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red — and particularly the infra-red— end. The 
result is that light shining on to mist looks 
bluish-white, and light shining through mist 
looks yellow or orange. 

When an object is seen through mist, the 
mist reflects the blue and violet rays and only 
allows the rays towards the red and infra-red 
end of the spectrum to pass through. At the 
same time, light falls on the mist from the 
observer’s side and the opposite thing happens: 
the redder rays pass through the mist and 
away from the observer, while the violet 
and blue rays are reflected back towards the 
observer. So the object appears veiled with a 
bluish-white haze. 

To the camera, matters are even worse, 
because the normal photographic emulsion is 
more sensitive to the blue end of the spectrum 
than to the red. So that in the ordinary photo- 
graph of a misty scene, the effect of the mist 
is much more noticeable than it is to the eye. 

The effect of mist can be minimized by 
using a filter which holds back the violet 
and blue rays. Yellow, orange, and red filters 
are suitable; the deeper the tint of the filter, 
the less the mist will show in the photograph. 
If the mist is to be removed as completely as 
possible, as in the tele-photography of distant 
objects, a special infra-red sensitive emulsion 
is used in conjunction with an infra-red filter. 
Pictorial Effect. Mist suppresses the details of 
the scene and leaves only the main masses 
visible. It divides the scene into clearly defined 
planes, with near foreground objects appearing 
as very dark shapes, while those farther away 
become rapidly lighter in tone until the more 
distant simply merge into the general whiteness 
of the mist itself. 

So mist photography is usually concerned 
with broad, simple ideas. 

Exposure. Because the mist scatters light into 
the shadow areas of the subject, photographs 
taken in mist should be given a shorter exposure 
than indicated by any of the normal types of 
exposure meter or calculator (these guides to 
exposure assume normally-lighted shadows). 
The beauty of a mist photograph is in its soft- 
ness ; any tendency to over — or even full 
— exposure produces a negative with too much 
contrast for this class of picture. For the same 
reasons, development should never be con- 
tinued beyond the recommended time, and a 
soft-working developer should be chosen, PJ. 
See also: Fog ( atmospheric ). 

MOD ELLIN G. Gradual variation of tone 
that helps to display the shape of an object. In 
two-dimensional photography the solid form 
of the subject can only be suggested — in partic- 
ular by controlling the way in which the light 
strikes the subject. With the right arrangement 
of lighting, the form of the subject can be 
represented in terms of light and shade to give 
a more or less convincing impression of three- 
dimensional reality. 
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A ball illuminated exactly from the front will 
show little variation in tone and will look flat 
like a disc. If the light is moved more to one 
side, a shadow will appear on the other side of 
the ball; this shadow will follow the curve of 
the ball and so show its form more clearly. A 
light used in this way is often called a modelling 
light. 

See also : Lighting the subject. 

MODELS. The best way to obtain the services 
of a model, if the work justifies the expenditure 
of money for model fees or if it can be afforded, 
is to go to a model agency and hire a pro- 
fessional. 

Agency Models. At the agency files show pic- 
tures of hundreds of models, all kinds of 
characters, men, women and children and 
young girls. The abilities and photogenic 
qualities of a model are easier to judge accur- 
ately by studying pictures than by interviewing 
the model in person. So it is better to consult 
the files of a large model agency for the talent 
required. 

Even the amateur, if he has his heart set on 
producing really good pictures of living models, 
would do well to consider hiring a model from 
an agency. He will have to pay her for about 
two hours of work as much as the average 
working man earns in eight hours, but the 
result will almost certainly be far better pictures 
than he can hope to obtain with amateur 
models. If that were not the case, photo- 
graphers would not spend sums running into 
thous nds of pounds annually to hire pro- 
fessional models. If amateurs were as good 
as the trained professional, there would be no 
room for the professional model. 

Other Sources. Those who have no access to a 
model agency or who feel the expense is not 
justified need not despair. Good models of all 
kinds can be found in every city, town and 
village. It is only necessary for the photo- 
grapher to seek them out, get them interested 
in posing, and find out by making test pictures 
which of them have the photogenic qualities he 
needs. 

Character models of all kinds, including the 
glamorous girls who are always in greatest 
demand among photographers, can be found 
in the amateur theatrical groups. These 
amateur actors are willing and even eager, 
almost without exception, to be amateur 
models as well. And they are likely to have the 
unselfconscious qualities which make them at 
ease in front of the camera — a most important 
consideration. 

For graceful girls with beautiful figures the 
most likely place to try is the local dancing 
school. Here the photographer is almost certain 
to find suitable models for bathing suit and 
figure studies among the dancing pupils. Poise 
and confidence re drilled into the dancing 
students from childhood, and the exercise of 
dancing practice gives them not only graceful- 


ness, but the highly essential control of the 
pose. They are also taught to control facial 
expressions, and especially to be able to smile 
on command. False modesty is no part of their 
make-up; the dance student accepts naturally 
the sort of scanty costume that other girls 
would find embarrassing. 

Dancers, too, will often pose in return for 
no other fee than a set of prints. It helps a 
dancer to check her technique to see herself in 
pictures, and if she ever becomes a professional 
she can made good use of them. But do not 
think of dance students only in terms of dance 
pictures; they are likely to be good models for 
any kind of photography. 

Selection. Not all pretty girls make good 
models, so the photographer would do well to 
scrutinize the prospective model closely, with 
the following items in mind, before he com- 
mits himself to photographing her. Has she 
good teeth and pretty eyes? These are the 
features most difficult to retouch. Does she 
smile easily and naturally? A pleasant smile is 
a model’s greatest asset. Has she a good bust 
line? This is an element of importance for 
bathing suit shots. Are her ankles trim? Trim 
ankles usually indicate a girl who will pose 
gracefully. Does she use her hands delicately 7 
This is an important element in registering 
feminine charm on film. Is her posture good ? 
The girl who habitually holds her head up and 
carries herself confidently will require less 
coaching before the camera than the one who 
slumps. 

Is she self-confident ? Humility is no virtue 
in a model. The best model is aware of her 
appeal, proud of her beauty, and happy about 
displaying it for the camera. Can she face 
bright lights without squinting ? Note her 
reaction to sunlight; beware if she wears sun- 
glasses. 

Finally, does the idea of modelling appeal to 
her ? Unless she is eager to co-operate, it is 
better to forget her. She should not be coaxed; 
no matter how beautiful she may be, she will 
be hard to photograph unless she co-operates 
whole-he rtedly. 

To determine the real extent of her interest, 
the photographer should give the prospective 
model his telephone number and wait for 
her to call for an appointment, rather than 
call her himself. This will weed out any whose 
interest is too mild. 

Model Release. When a satisfactory model is 
found, she should sign a model release if the 
pictures are intended for publication. 

The following form is approved by the 
Institute of Incorporated Practitioners in 
Advertising and the Institute of British Photo- 
graphers. 

To (Name of Photographer) 

In consideration of your having paid me the sum of. 

being my fee for posing for the photograph(i) taken by 

at on • attached 

hereto and signed by me* I hereby assign to you absolutely 
the copyright of such photograph(a) and the right of 
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reproduction thereof, either wholly or in pert, end the un- 
restricted use thereof in whatever manner you or your 
licensees or essignees may in your or their absolute dis- 
cretion think fit for all or any advertising or ocher pu rposes 
whatsoever, with any retouching, alteration or working up. 

I agree that you or your licensees or assignees are at 
liberty to use the said photograph(s) and all reproductions 
thereof either wholly or in part in any manner or form 
whatsoever and in any medium and either separately or in 
conjunction with other photographs, drawings or other 
forms of illustration or part or parts of photographs, 
drawings or other forms of illustration. The said photo- 
graph(s) and all reproductions thereof shall be deemed to 
represent an imaginary person and I hereby authorize you 
or any person authorized by you including your licensees 
or assignees to use the said photograph(s) either wholly 
or In part and any reproductions thereof for any advertis- 
ing purposes whatsoever or for the purpose of illustrating 
any statements and/or wording which you or they may 
desire or think fit to use in any advertisements and agree 
that no implications shall be deemed to be made with 
regard to me by reason of such user and that no such state- 
ments or wording shall be deemed to be attributed to me 
personally unless my name is used in connexion therewith. 

I further undertake, without prejudice to my rights in 
respect of any implications, statements or wording which 
owing to the mention of my name may be deemed to be 
made with regard to me or attributed to me personally not 
to prosecute any proceedings claims or demands against 
you or your licensees or assignees in respect of any user by 
you or them of the said photograph (s) for the purposes 
aforesaid. 

1 have read and fully understand the terms of this 
contract. 

Signed) 

Date) 

• Strike out where signed photograph (s ) not attached. 

If the model is under legal age, the parent or 
guardian must also sign the release to signify 
his consent. E.M.H. 

See also: Copyright and the photographer. 

MODELS (SCALE). There are two ways of 
photographing a scale model : so that it looks 
like a model, or like the real thing. 

Natural Representation. The photographer 
who aims at a natural representation makes 
no attempt to disguise the fact that the subject 
is a miniature replica of the real thing. So he 
can employ the normal techniques that apply 
when photographing other small objects — e.g., 
coins, ceramics, glass and silverware. 

The common denominator in photograph- 
ing most small things is a long focus lens, and 
so long as the camera can be equipped with 
one, the negative size matters little — a minia- 
ture camera is no better than a quarter- or 
half-plate instrument. The principal advantage 
of the miniature is its greater depth of field, but, 
as the subject is still, the lens of a bigger camera 
can be stopped down until the whole subject is 
sharp. Where the camera has no provision for 
fitting a long-focus lens, the only alternative 
is to take a small image on the negative and 
enlarge that part only. 

The important point is that the camera should 
not be brought so close to the subject that the 
natural proportions become distorted. For this 
reason the subject should, preferably, be taken 
with its longest axis parallel to the focal plane — 
e.g., ships and locomotives should be taken in 
side view and not threa-quarters or end-on. 
This is not, however, vital in the case of scale 


models photographed at a distance in propor- 
tion to their size since the perspective then re- 
mains the same. A side view will on the other 
hand bring out more of the detail which is 
often the main inducement to photograph a 
model. 

As a rule the model-maker is proud of his 
work and, far from wishing to disguise its 
smallness, he may want to draw attention to 
the minute detail and the skill required to 
execute it. For this reason it may be useful to 
include another object in the picture for com- 
parison — e.g., a tiny model might be supported 
on a match box. And although small objects 
are generally photographed with the camera 
down on their level, in this case a somewhat 
higher viewpoint adds to the miniature aspect 
of the subject. 

Artificial light is generally more satisfactory 
than daylight because it can be controlled and 
the conditions can be exactly reproduced if 
there has to be a retake. It is always safe to use 
natural angle lighting — i.e., at 45° from the 
front and side — with plenty of fill-in light 
from a reflector or a second lamp near the 
camera. Reflections from bright metal or 
painted surfaces should be watched for and 
dealt with either by dulling them with a touch 
of putty, or by moving the lights 

The setting of the subject is best left abso- 
lutely plain apart from anything introduced to 
give the scale, and the background should be 
well below the general tone of the subject and 
free from distracting shadows. 

Exposure should be determined by a photo- 
electric meter in the first place, but the best 
results will be obtained by actual trial, making 
exposures of longer and shorter duration than 
the meter reading. 

In all other respects the subject can be treated 
normally. What is wanted is the presentation of 
a straightforward “catalogue illustration” 
because the interest is all in the detail and work- 
manship of the subject, and not in the photo- 
graphy. 

Illusion of Reality. The difficult part of model 
photography comes when the miniature 
replica has to appear as the full-size object. 
The deception is rarely successful, particularly 
when the model is on a very much reduced 
scale. It is almost impossible to present a 
picture of a scale model to the eye so that its 
appearance is identical with that of the real 
thing. There are several reasons for this, the 
principal ones being bound up with the pers- 
pective, the definition and the tones. 

(1) Theoretically the perspective of a par- 
ticular model can only look right if the viewing 
distance is scaled down in proportion to the 
scale of the model. Suppose the problem is to 
take a photograph of a 1 : 30 scale model of a 
motor-car 1 5 feet long so that the observer will 
imagine he is looking at a photograph of the 
car itself. It would be reasonable to allow the 
subject in each case to fill two-thirds of the 


735 



MOD 



OK-CS 

[Q<i5 


PERSPECTIVE IN SCALE MODELS. For correct perspective the 
model size as well os taking distance must be in proportion. 
To cover adequate angle, close-up lenses may be necessary. 


width of the picture. The real motor-car, 
photographed with a camera with a normal 
lens — i.e., of about 50° angular field — would 
fill two-thirds of the whole picture width 
from a distance of approximately 30 feet. To 
give the same perspective, the scale model 
would have to be photographed from a dis- 
tance of 1 foot. At this distance the lens would 
have to cover a picture width of 9 ins. so that 
the 6 ins. long model would occupy two-thirds 
of the picture. 

But, with a normal lens, the angular field of 
about 50° only holds good so long as the 
subject is more than ten times the focal length 
distant. For close-up work, the lens must 
be racked out beyond the normal focusing 
range, and the further it is racked out the 
smaller its field becomes. 

This diminution of the field of view is more 
pronounced, the longer the focal length of the 
lens. In theory it would at a distance of 1 foot 
be negligible only if the lens has a focal length 
of about 1 in. Lenses of such short focal length 
are only available for subminiature cameras. 

In practice it will be necessary either to put 
up with a certain loss of angle of view (thus the 
model of the car would fill more than two- 
thirds of the negative), or to restore the normal 
field covered by using a supplementary close- 
up lens and leaving the camera lens set to 
infinity. The focal length of the camera lens 
then becomes immaterial, except in that it 
determines the image scale on the negative. 
The larger the negative image, the less enlarg- 
ing it will need subsequently to yield natural 
perspective at a normal viewing distance of 
10 ins. 

If the scale of the model is larger, e.g. 1:15 
instead o f 1 : 30 — 1 foot long instead of 6 ins. — 
natural perspective would be achieved by 
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photographing it from a distance of 2 feet. Or, 
by accepting a viewpoint twice as far away — 
60 feet instead of 30 feet (and accepting the 
perspective rendering that goes with this in- 
creased distance) — the 1 : 30 model could again 
be taken at 2 feet. 

In the general case of a 1/x scale model, if 
this is photographed to reproduce the pers- 
pective of the original as seen at distance D 
feet, the camera must be placed at D/x feet from 
the model. 

(2) In most cases the zone of sharp defini- 
tion in the model photograph is much narrower 
than it would be in the real photograph it is 
seeking to imitate, and this inevitably reveals 
the deception. 

Going back to the model motor-car: it was 
shown that a 1 : 15 scale model photographed 
2 feet away would have the same perspective as 
the real thing looked at from 30 feet away. But 
even with a short-focus (e.g. 2 ins.) lens 
stopped down to /22, the sharply defined field 
would start at 1 foot 10J ins. and extend only 
to 3 feet 9 ins. So the foreground and back- 
ground would both be out of focus. 

If the same camera had really taken a photo- 
graph of the actual motor-car, even with a 
much larger aperture, the zone of sharp focus 
would have extended appreciably in front of 
and behind the subject — e.g., at /8 the scene 
would be sharp from about 14 feet to infinity — 
an effect which it would be impossible to repro- 
duce in the model set-up. 

Sometimes it is possible to get around the 
difficulty by using a background set close be- 
hind the subject, but in that case the back- 
ground scenery itself will be so close to the 
observer that its perspective too will have to 
be dealt with. 

The fact is that it is generally impossible to 
reproduce the natural falling off in sharpness 
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allow substantial depth. Centre: Close-up depth is limited. 
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in the model set-up and this shortcoming will 
reveal the deception even if the perspective 
has been reproduced perfectly. 

(3) Out of doors there is generally some 
haziness in the atmosphere that tends to soften 
and obscure objects progressively as they get 
farther away from the observer. The eye comes 
to accept paler tones and softer edges as indi- 
cating distance and sharp definition, and strong 
contrasts of light and shade as indicating 
nearness. This separation of the planes of the 
picture is a characteristic of outdoor subjects 
that is not normally present in model set-ups. 
The Practical Approach. Although it is theore- 
tically impossible to photograph a model set- 
up so that it looks exactly like the real thing, 
up to a point in practice some reasonably satis- 
fying approximations can be achieved. Anyone 
who is aware of the limitations has a better 
chance of achieving something worth while. 

The subject should always be photographed 
from the eye level of an imaginary 6 foot person 
scaled down in proportion to the model — e.g., 
a 1 : 50 scale model should be taken with the 
camera lens 6 x 12/50 ins. — i.e., about 1J 
ins. above the ground level of the model. 

The viewpoint should be as close as possible 
to the subject. At the same time it should not 
be so close that the resulting depth of field 
with the lens stopped right down is unnaturally 
restricted. 

In this respect, photographing models differs 
from the photography of other small objects. 
It is the usual practice in such cases to use a 
long-focus lens and a distant viewpoint with 
the object of avoiding strong perspective effects. 
But the perspective which would look over- 
drawn on a full-scale subject photographed 
from a close-up viewpoint looks normal on a 
scaled-down model, TTiis is because the subject 
distance is seen in relation to the scale of the 
model. In a photograph of a full-scale dog- 
kennel, a subject distance of 3 feet from the 
camera would appear too close, but with a 
1 : 20 scale model doll's house in place of the 
dog kennel, the subject distance would be 
equivalent to 3 x 20 = 60 feet and would no 
longer appear uncomfortably short. 

If a scale model is photographed from a 
distant viewpoint with a long focus lens, the 
perspective is unpleasantly flattened exactly as 
it is when a full-scale subject is photographed 
with a high-power telephoto lens. 

If possible the background should be flat, 
and close enough to the subject to be included 
in the depth of field. A suitably scaled down 
picture of hoardings, a brick wall, a screen of 
tall trees, either painted or photographed, can 
lend an amazing feeling of realism. Any such 
artificial background must, of course, have its 
lighting at the same angle as the lighting on 
the subject 

Camera Movements. A number of the difficulties 
of photographing models can be lessened by 
the use of camera movements. 


The swing back helps to correct the distor- 
tion produced by looking down on the model. 
Even if the camera has no swing back, the same 
result can be achieved by keeping the camera 
level and photographing the subject on the top 
half of the negative. Without one of the means 
of correction it is impossible to show the top 
and front of the model at the same time with- 
out apparent distortion. 

The swing front is used to extend the depth 
of field so that more of the foreground can be 
reasonably sharp. By swinging the front for- 
ward, the distance between the lens and the 
top of the plate is increased. This is equivalent 
to racking the lens forward to focus the nearer 
foreground. 

The lateral swings are also useful for correct- 
ing any unpleasant convergence of horizontal 
lines when the camera looks at the subject 
from one side — i.e., so that the photograph 
will show something of the side as well as the 
front of the model. 

Illumination. Lighting should present the sub- 
ject in more contrasty tones than the back- 
ground. The background should be softly 
lighted by a reflector or a well-diffused flood 
so that none of the shadows are as black as 
those of the subject itself. If it is possible to 
introduce a third plane intermediate in both 
tone and position, it will enhance the feeling of 
depth and greatly improve the result. 

When lighting for a natural effect, the 
modelling light should be kept at a distance 
so that its rays have something of the parallel 
character of sunlight. Otherwise the distribu- 
tion of shadows will look unreal. 

Everything that has been said above assumes 
that the model itself is a perfect miniature of 
the real thing right down to the last visible 
detail. If the finish of any part is in any way 
below standard — e.g., showing an obviously 
abnormally thick layer of paint or a mark left 
by an apparently giant cutting tool — all the 
care and calculation spent on getting the per- 
spective, sharpness, tones and lighting right 
will be wasted. F.P. 

See also: Close-ups; Perspective; Table top. 

MOHOLY-NAGY, LASZLO, 1895-1946. 
Hungarian painter and photographer. Experi- 
menter in abstract photography and photo- 
montage. He produced “photograms” by 
placing three dimensional objects on light 
sensitive paper and so produced contours, 
shadows and, in the case of translucent objects, 
texture also. 

MONCKHOVEN, DESIRE CHARLES 
EMANUEL VAN, 1834-82. Belgian chemist 
and photographer. One of the foremost photo- 
graphic scientists of the nineteenth century. 
Working in Vienna (1867-70) he built a famous 
studio for the photographer Rabending where 
life-size portrait enlargements were made. In 
1878 perfected the preparation of silver bromide 
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gelatin emulsions in the presence of ammonia. 
In 1879 improved the manufacture of dry 
plates and sold emulsion to dry plate factories. 
Later established in Belgium a factory for pig- 
ment papers. Also worked on spectral analysis 
and astronomy and improved the solar en- 
larger to which he added artificial illumination. 
Wrote on photographic chemistry and optics. 

MONOBATH. Single solution combining 
developing and fixing chemicals, for simple 
and rapid processing. Monobaths for various 
materials are available commercially. 

See also : Development / Fixing Combined. 

MONOCHROMATIC ILLUMINATION. 
Lighting with rays of virtually a single wave- 
length, used to eliminate chromatic aberration 
when maximum sharpness is required — 
generally in scientific photography and photo- 
micrography. The sodium vapour lamp is the 
commonest source of such light. 

Uses. The photographic lens can only accu- 
rately focus light of one or two particular 
wavelengths. It is true that at medium apertures 
the focusing setting provides sufficiently 
sharp focus for light of all wavelengths to 
which panchromatic emulsions are sensitive. 
Yet at these same apertures, photography by 
infra-red or ultra-violet radiation calls for an 
adjustment of the setting obtained by visual 
focusing, and at wide apertures such as / 2 the 
setting may not even be the same for red and 
blue. It follows therefore that, other things 
being equal, a record photograph exposed by 
monochromatic light will be sharper than if a 
wider band of the spectrum is used. In this way, 
all chromatic aberration is eliminated. 

Sodium light is particularly useful for the 
photography of transparent or translucent 
objects, as modelling and depth are particularly 
well rendered without parasitical reflections. 
Excellent results have also been obtained with 
medals and fine metal objects. 

Sodium and Infra-Red. As the sodium vapour 
lamp also emits rays in the infra-red band 
between 8,183 and 8,194 A., it can be used for 
infra-red photography provided that the 
visible rays are suitably eliminated by means of 
a filter. To facilitate {striking, sodium lamps 
also contain a certain amount of neon, emitting 
both visible red and infra-red light, but the 
quantity is negligible in relation to the emission 
in the narrow band mentioned. 

Using 'standard commercial infra-red emul- 
sions, with maximum sensitivity between 
8,000 and, 8,500 A. experimental photographs 
have been taken of documents and biological 
organs using both 250 watt incandescent lamps 
at 3,000° Kelvin filament temperature and a 
140 watt sodium lamp. Of the two, the sodium 
ill umin ation has proved preferable. Photo- 
graphs of venous systems, showing the veins 
darkly against a white arm, gave negative 
density ratios of 20 to 45 per cent with incan- 


descent and 20 to 75 per cent with sodium 
illumination. The resulting contrast in the 
positive in such cases is therefore much greater 
with sodium. Exposure times are much the 
same in each case, and focusing with sodium is 
effected visually by means of the yellow light, 
the lens extension being then increased by 
1/200 of the focal length so as to bring the 
infra-red rays into focus. M.D. 

MONOCLE. Simple spectacle lens, completely 
uncorrected, sometimes used for pictorial or 
portrait photography where the soft definition 
of the image is not undesirable. Otherwise 
used as a supplementary for changing the 
focal length of the camera lens. 

MONOPACK. Special form of sensitized 
material used in colour photography. It is a 
tripack of emulsions with intervening filter 
layers, coated on a common base. Each 
emulsion records one third of the spectrum. 
Also referred to as an integral tripack. 

See also: Colour materials. 

MONTAGE. Composite photograph made 
by cutting out parts of a number of prints and 
mounting them on a common support. The 
technique is used for producing trick photo- 
graphs, making panoramas and aerial survey 
mosaics, and assembling photomurals. 

Type of Prints. Some types of montage are 
purposely intended to appear as a collection of 
combined prints — producing a pattern or 
over-all impression. For this type of montage, 
the prints used do not have to conform to any 
critical requirements. However, for work in 
which the joins must be invisible (e.g., aerial 
survey), certain precautions must be taken in 
making the separate prints. 

The scale of enlargement must be exactly 
the same for each print in the montage. This is 
best done by marking on the enlarger base- 
board points where recognizable details appear 
in adjacent negatives (i.e., the overlapping 
edges of each picture) ; when thereference points 
of one negative have been thus recorded, and 
the print made, the enlargement of the next 
negative is adjusted until the matching details 
exactly fit the reference marks on the base- 
board. 

The illumination in the enlarger must be also 
perfectly even; falling off at the comers, pro- 
ducing light comers on the prints, makes it 
difficult to match the tones of adjacent prints. 

All prints for the one montage should be 
made on the same paper, and to make the 
mounting as inconspicuous as possible, it is 
better to use single weight paper. 

CuttiDg the Prints. It is important for the cut 
edges to be clean and smooth. This calls for 
sharp scissors or a thin, new safety razor blade. 
When a safety razor blade is used, the edge can 
be cut obliquely, so that the emulsion surface 
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CUT-AND-PASTE MONTAGE. Top: Methods of cutting. 
I . When cutting with scissors, first trim away bulk of unwanted 
area. 2. Then cut accurately along outlines. 3. With a knife, 
move the print post the bent blade. 4. This gives an oblique 
cut and Is easily stuck down fiat. A scissor cut always leaves 
o thick edge. Centre: Preparing the outlines. I A. Smooth 
out jagged edges. 2A. Thin edge with sandpaper. 3 A. Paint 
with water colour. Bottom: Pasting. I B. Cover back of cut-out 
with adhesive. 2B. Stick down on background. 3B. Smear thin 
details with adhesive on paper from underneath and stick 
down. 4B. Put under pressure until dry. 


is undercut and comes to a thin edge, which can 
be stuck down more easily and so does not 
show up on the finished picture. 

If both prints have similar types of blurred 
background — e.g., foliage — they can often be 
merged better if the foreground print (i.e., 
the one to be pasted on top of the other) is 
cut along an irregular line through the back- 
ground, rather than along a sharp outline. 

A special method of producing the outline 
is to score the print back with a razor blade and 
tear the print in such a way that the area 
required is pulled up away from the sur- 
rounding paper. This yields an irregular and 
at the same time thin edge which is often 
more easily hidden in assembling. 

Assembling. Before mounting, the cut or torn 
edges should be thinned by carefully sand- 
papering the back edge of the cut-out print. 
This makes it easier to hide the join when the 
prints are combined. 

If the edges of the paper base are still thick 
enough to be visible, tney may be painted with 
water colour to match the local image tone. 

The most suitable adhesive for finally 
assembling the prints is rubber solution, as it 
does not soil the print surface, and any excess is 
easily rubbed off. 

At this stage, any minor faults are touched 
out and the composite print is re-photographed 
by copying in a camera to make a new master 
negative. 

Montage is also used to assemble panoramas, 
and similar wide angle pictures. L.A.M. 

See also: Aerial survey ; Murals; Photo murals ; Tricks 
and effects. 

Books : All the Photo-Tricks, by Edwin Smith (London); 
The Complete Art of Printing and Enlarging, by O. R. 
Croy (London). 

MOOD. Emotion suggested by a picture. It 
usually differs from atmosphere (which is a 
natural quality), in being more the result of 
the photographer’s personal interpretation of 
the subject. 

MOONLIGHT. The light of the moon is made 
up of the same colours as daylight, but it is very 
much weaker (the sun is about 600,000 times 
more brilliant than the full moon). So the only 
real difficulty about taking photographs by 
moonlight is the length of the exposure. Even 
with a fast panchromatic emulsion and a wide- 
aperture lens, pictures of open landscapes call 
for exposures of fifteen minutes or more. 

The apparent bluish colour of moonlight is 
due to the fact that in dim light the peak 
sensitivity of the eye is at a slightly different 
point of the spectrum. 

Subject Movement. During an exposure as long 
as fifteen minutes, the image of the moon moves 
an appreciable distance, and if it is included in 
the picture area, it comes out as a long white 
sausage-shaped blur on the print. (Any stars 
in the picture area will appear as lines of light 
and not as points.) This is no drawback if the 
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moon itself is kept out of the picture, but in that 
case there is a danger that the resulting photo- 
graph will be merely a flat and toneless view 
without anything to indicate that it was taken 
by moonlight. 

Method. There are several photographic 
methods of including an image of the moon in a 
moonlight picture. The simplest method is to 
photograph the scene just after sunset a few 
days before full moon when the moon rises 
early in the evening. The exposure for the 
twilit landscape is about right for the moon 
itself so the moon may be included in the 
picture, and photographed at the same time as 
the scene. 

Other methods rely on making two separate 
exposures; one for the landscape from which 
the image of the moon is excluded, and the 
other for the moon in which the exposure is so 
short that even if a part of the landscape is 
included, it does not register. The negative of 
the moon may be made by a second exposure 
on the same film or plate as the landscape, or it 
may be made separately and printed in after- 
wards like a cloud negative. The advantage 
with a combination print is that the same nega- 
tive of the moon can be used for a number of 
diff erent landscapes ; the position of the shadows 
in the scene should, however, match the posi- 
tion in which the moon is printed. 

Lens. If the moon is photographed with a 
normal angle lens, the resulting image is apt to 
look disappointingly small. For the picture to 
look natural, the image of the moon must be 
enlarged up to three times the size that it would 
normally appear in the print. This can be done 
by making the exposure for the moon through a 
long focus or telephoto lens with a power of 
2 x or 3 x , while the exposure for the landscape 
is made through a normal angle lens. When the 
two negatives are combined and printed, the 
eye accepts the result as natural. 

Alternatively, the moon may be taken 
through the normal lens, an enlarged duplicate 
negative made, and the latter combined with 
the landscape negative. 

Exposure. Open landscapes under a full moon 
need an exposure of about fifteen minutes at 
/3-5 on the fastest panchromatic emulsion. 

The light given by the half-moon is less than 
half of the light of the full moon; exposures 
under the half-moon should be at least three 
times the full moon figure— i.e., 45 minutes at 
/ 3'5 on fast panchromatic film. 

The above exposures will generally produce 
very dark shadows which help to convey the 
atmosphere of a moonlit scene. If the picture is 
to show the same amount of shadow detail as a 
daylight photograph, the exposures must be 
multiplied by four. 

Equipment. Any camera that will take a time 
exposure is suitable for making pictures by 
moonlight. It should be mounted on a very 
steady tripod because of the long exposure 
times that have to be given. Preferably the 


camera should have both normal and long 
focus lenses so that the moon can be photo- 
graphed separately on an enlarged scale for 
combination printing. 

The lens aperture should be at least / 3-5 or 
the exposure times will be inconveniently long. 
The effect of stray lights and reflections is 
greatly increased by the darkness and the very 
long exposure, so the lens should be equipped 
with a really efficient lens hood. A piece of 
black card is useful for holding in front of the 
lens while lights of road vehicles are crossing 
the picture area. 

Sensitive Material. While orthochromatic and 
slow materials can be used in moonlight 
photography, the fastest panchromatic plates 
and films are better, because they make for 
shorter exposures, less risk of movement 
during exposure, and consequently sharper 
pictures. F.P. 

See also: Light sources In the picture. 

MORDANT. Substance which adsorbs and 
holds dyes specially strongly. In photography, 
mordants are used for dye-toning and certain 
colour printing processes where the silver image 
is converted into a mordant image in a mor- 
danting bath, and then treated with a dye 
solution. 

MORSE, SAMUEL FINLEY BREESE, 1791- 
1872. American inventor. Met Daguerre in 
Paris and had a daguerreotype camera made 
late September 1839. One of the first in the 
United States to attempt portraits (September/ 
October 1839, with exposures of 10 to 20 
minutes). For a short time had a daguerreotype 
studio in New York (1840) in collaboration 
with Draper but soon abandoned photography. 

MOTION STUDY. In modem industry 
great importance is placed on economy in 
movement patterns of men and machines en- 
gaged in production. The design of the product 
and its method of use; machine and tool design, 
workplace layout and manual operations, all 
demand the achievement of the most efficient 
utilization of both effort and time. 

The aspect of work study which deals with 
movement economy is known as motion study 
and is one of the most important activities of 
the work study engineer. It involves the analysis 
of movements into their basic functional 
elements. The work of the motion study engin- 
eer is to observe, or in the case of a new develop- 
ment to determine, the essential movements. He 
then analyses the records to work out the best 
movement patterns. 

Motion study employs many specialized 
techniques of which photography is but one. 
The camera is especially useful in three main 
directions; 

(1) For the analysis of movements which are 
either too rapid or minute to be appreciated 
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CIRCUIT FOR CHRONOCYCLEGRAPH INTERRUPTOR. A. high - 
speed relay coil. B, main switch. C, speed selector switch 
controlling flashing rate. D, make-and-break. E, variable 
resistance controlling lamp brightness. F, lamps. 

readily by visual observation. This is known 
as micromotion study. 

(2) For recording the paths of movement 
involved in a particular operation. This type 
of photographic record is known as the chrono- 
cyclegraph. 

(3) For making general pictorial records of 
machines, tools, layouts and the like. 
Micromotion Study. Micromotion employs a 
cine camera, usually taking 1 6 mm. films. The 
method is to take a cine film of an operation 
and include in the picture a chronometer 
graduated to read in 1 /2000th of a minute. 
The resultant positive is projected frame by 
frame and examined to determine the points in 
time at which one basic element of movement 
merges into the next. This analysis is tabulated 
and studied and supplies the data necessary for 
the engineer to develop an improved method. 
The essential points to be observed in taking 
the film are to avoid heavy shadow areas and to 
fill the frame from a viewpoint which will per- 
mit all movements to be seen clearly. 
Chrunocyclegraphs. Micromotion is primarily 
concerned with the separate basic elements and 
particular movements and their relevance to the 
whole operation, but it very frequently happens 
that the path and amplitude of a complete 
movement which is a composite of many basic 
elements must be considered as a whole in a 
single picture. This is where the still camera 
has the advantage in that it makes it possible 
to record a complete trace of the movement — 
i.e., a chronocyclegraph. The technique con- 
sists in attaching to the moving member a small 
lamp which is made to flash at predetermined 
intervals by an interrupter in the lighting circuit. 
The lamps are switched on while the part is in 
motion and a normal brief exposure is made of 
such duration that it covers the whole cycle 
time. The resultant print shows the paths of 
movement as a series of white dots. 


The interrupter apparatus is so designed 
that the intervals between the flashes may pro- 
gress in steps from 8 to 30 per second. The 
current supply to the lamps is also variable so 
that intensity of illumination may be controlled 
for the various flash rates. A further character- 
istic is that the lamps light up at full brilliancy 
and die off slowly so that the flash produces a 
pear shaped image. The pointed end of the 
image indicates the direction of travel. 

The following points must be observed in 
order to obtain the best results: 

(1) The picture should fill the available area. 

(2) A small aperture must be used in order 
to obtain a considerable depth of field. 

(3) The photographer must be alert to recog- 
nize the beginning and end of the movement 
to be recorded. He must keep the shutter open 
only long enough to include the actual move- 
ment. 

(4) The moving lamps must be powered to 
such an intensity that the print will show the 
series of dots with only a very slight image of 
the background or none at all. Sometimes it is 
preferable to superimpose a separate exposure 
of the background on the track of the move- 
ment. In this way it is easier to control the 
lighting for each exposure. 

The chronocyclegraph is useful for revealing 
momentary hesitations and delays which are 
indicated by merging of the spots. The chief 
value of this technique is as an aid in machine 
design, placement of jigs, fixtures and tools, 
locking devices on press tools, design of safety 
gates and other parts involving manual dexter- 
ity. The chronocyclegraph is invaluable in 
demonstration and training where it is often 
more convincing than a verbal explanation. 
This technique gains considerably in value if a 
stereo camera is used and the prints viewed 
stereoscopically. Relative distances are more 
easily defined, and movements in the plane of 
the taking lens axis are easy to resolve. J.H. 

See also: Chronophotography; Stroboscopic flash. 

Books: Motion and Time Study, by R. M. Barnes 
(London); The Purpo e and Practice of Motion Study , 
by A. G. Shaw (London). 

MOTOR RACING. Photographers who are 
also keen on watching motor racing naturally 
want to take pictures. Such pictures can be 
interesting and attractive records and provided 
that a little thought and planning go into the 
taking, they are not difficult to get. 
Equipment. Equipment must be specialized to 
some extent. A simple camera will only take 
pictures of racing cars when they are standing 
still; when they are moving they can only be 
taken with a camera with a good lens and 
shutter. The lens should have an aperture of 
at least / 3-5 and the shutter must be speeded 
to 1/500 second or faster. Normally the fastest 
panchromatic film should be used, but when a 
really bright day is expected it may be possible 
to use a slower fine grain film. 
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The most suitable camera for all-round 
photography of racing cars has a coupled range- 
finder and direct (preferably frame-type) view- 
finder. An interchangeable long focus lens is 
useful for the occasions when it is impossible 
to get close to the track. But if the photo- 
grapher is content to limit his choice of subject 
and plan his course of action beforehand, he 
can still get good pictures with an ordinary 
camera without these refinements. In either 
case, larger cameras are less suitable. 

Position. The best position for taking the 
pictures of the race in progress is on the inside 
of the track at about 25 feet from the subject. 
As a rule, however, special permission (usually 
reserved for the press or the official race 
photographers) must be obtained for shooting 
from this position. At club meetings where 
attendance is restricted to invitation, the photo- 
grapher can usually wander about as he pleases. 
Otherwise under ordinary racing conditions, 
the best position is as close to the track as 
possible. 

The ideal position is on the track on the 
inside of a bend with the sun shining from 
behind the camera or across the line of fire but 
certainly not into the lens. The more light 
there is shining directly on the subject, the 
smaller the aperture that can be employed, and 
the greater the depth of field in which the 
subject will appear sharp. A shutter speed of 
1 /500 second should be used wherever possible 
and an exposure meter reading taken to give 



RACE TRACK SHOTS. Cameras with normal focus lenses are 
suitable f or broadside or side-f ront shots on the inside and out. 
side of bends (upoer pair of cameras). Long focus lenses ( lower 
pair of cameras) permit three-quarter or front views from 
farther back. Beware of the crash area just beyond the bend. 
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the aperture for this speed. (The meter must be 
aimed at the ground, not the sky.) 

The photographer then stands as close to 
the bend as possible and sights and focuses 
on the line taken by the cars as they come to- 
wards him around the comer. The cars will 
naturally comer as close to the inside of the 
bend as possible and the photographer must 
take care that in his eagerness to get a picture 
he does not impede the view of the oncoming 
drivers. 

As the car approaches it is kept in the centre 
of the viewfinder by swinging the camera, and 
the shutter is released as it passes over the spot 
previously focused on. The swinging movement 
of the camera must be smooth and steady and 
it should “follow through” even after pressing 
the shutter. Once this technique is mastered, 
sharp pictures can be obtained even with a 
shutter speed as low as 1/100 second unless the 
shot is taken on a bend. 

(It is not generally realized that a car passing 
straight across the line of fire can be arrested 
with a slower shutter speed than one approach- 
ing direct or in three-quarters view. This is 
because the subject can be held absolutely 
stationary in the viewfinder when it is moving 
past the camera, but when it moves towards the 
camera, even though it is stationary in the 
finder, it is growing bigger as it approaches.) 

By swinging the camera, the subject is made 
to appear sharp, but the background will of 
course be blurred. This is actually desirable in 
most shots as it increases the impression of 
speed. 

For the photographer who has to go along 
with the crowd and do all his shooting from the 
public enclosures, the best position is on the 
outside of a wide bend. This is where a great 
deal of exciting duelling occurs and here 
drivers can often be caught fighting to regain 
control of a skidding car. At the same time it 
is advisable to keep away from the point on the 
outside of the bend directly in line with the on- 
coming cars because that is the point where 
crashes are most likely to end up. 

There are also good pictures to be had from 
positions along the straight, but these call for 
very skilful panning to keep the cars steady in 
the finder when they may be travelling at well 
over 100 m.p.h. As conditions are constantly 
changing during the course of the race, it is as 
well to keep away from the grandstands which 
restrict freedom of movement. 

At big crowded meetings, the photographer 
who is not adept at fighting his way to the 
ropes will find it a great advantage to get hold 
of a box to stand on. 

Motor Cycles. Most of what has been said about 
motor cars applies to motor cycles, but there 
are one or two points of difference that need 
to be watched. Firstly, the motor cycle is a 
smaller target and calls for a closer viewpoint or 
a lens of longer focus than would be satisfac- 
tory for photographing cars. 



MOV 


Then the technique of cornering is different 
because the motor cycle has to lean over to 
counteract the centrifugal force. Generally 
speaking the racing car tends to corner wider 
and at a higher speed, relying on drifting and 
controlled skidding as much as steering for 
changing direction. The motor cyclist hugs the 
inside of the bend and leans over as far as 
possible just short of skidding. This makes the 
motor cycle a more impressive subject because 
the angle of the machine gives an added im- 
pression of speed that is absent with f our wheels. 

The best point for photography is on the 
outside of a sharp bend where the machines 
will be going relatively slowly and leaning well 
over. It is better to shoot a machine leaning 
away from the camera than towards it — i.e., 
shoot from the outside of the bend not the 
inside. This is because more light falls on the 
upper side of the machine and rider and more 
detail comes out in the photograph. 

A broadside view from a low viewpoint is 
generally better than a three-quarter shot, but 
it calls for expert camera swinging and timing. 

The comer is also the best place for shooting 
sidecar races. For such subjects it is important 
to take up a position on the sidecar side of the 


machines irrespective of whether this is on the 
outside or the inside of the bend otherwise the 
antics of the passenger will be masked by the 
machine and rider. 

Club Meetings. The more homely club meetings 
can be just as interesting as international 
events and provide excellent practice for the 
photographer who wants to gain experience in 
motor racing photography. The cars at such 
events may not be the fastest, but they call for 
exactly the same technique as the star entries 
at international races. 

There is a lot of interest to be had in photo- 
graphing the various types of car present in the 
paddock. A stroll around usually reveals 
somebody taking his car to pieces or doing some 
last-minute tuning. For this type of shot there 
is no need for a camera with an expensive 
specification. The people in the paddock as well 
as the cars make an interesting study; the 
enthusiasts who attend motor race meetings 
are a colourful and distinct type and a keen 
student of human nature will certainly want 
to include some representative specimens in 
his day’s bag. G.S.D. 

See also: Movement; Sport. 

Book: All About Motoring , by I. C. B. Pearce (London). 


MOUNTAINS 


Mountain photography includes two 
different types of work, with a certain amount 
of common ground. The first type is the 
photography of mountains and is an extension 
of landscape photography; the second is 
photography on and from mountains — i.e., 
mountaineering photography and work above 
the snow line. 

Equipment. The mountain climber has usually 
many things to carry and it can be quite a 
problem, especially in high alpine work, to cut 
weight down. The camera is only part of the 
total equipment, and not the most essential 
part. It competes with food, clothing, maps and 
instruments, ice-axe, rope, and perhaps pitons 
and crampons, so on most climbs only a light 
camera can be justified. The walker, especially 
in Britain, has more freedom, but generally 
prefers light equipment. Weight includes the 
instrument, accessories and supplies of 
material, so roll film cameras or miniatures are 
preferable to larger models. 

Type of Camera. Either 35 mm. cameras or 
small folding cameras with picture sizes up to 
21 ins. square are most suitable. They should 
be sturdy, well cased to ensure resistance to 
rough work, and simple in operation. A self- 
erecting front and a shutter release that can be 
worked with gloved hands are helpful. It should 
be possible to fit a filter on the lens and leave 
it in position. Automatic film counting is 
invaluable in alpine work where the dazzle 
from snow makes it almost impossible to read 


the numbers through the window. But if 
windows must be used, they should have metal 
covers to prevent fogging. 

The light is usually bright to brilliant so 
extreme aperture lenses are not required; a 
good/4 5 or even an / 6’3 anastigmat is all that 
is needed. High shutter speeds too are un- 
necessary, for almost all work can be done at 
1/100 second. 

For landscapes a rangefinder is not neces- 
sary; it is useful for climbing shots. Exper- 
ienced climbers may dispense even with this 
since they acquire good judgement of distances 
by rope handling. 

A light yellow filter of factor approx. 11 x 
is enough for most shots, including snow. A 
contrast filter can be added if desired, for 
occasional dramatic effects. 

Sensitized Materials. For all black-and-white 
mountain photography, panchromatic material 
is best. For miniature cameras, slow, fine grain 
panchromatic material; for large sizes — i.e., 
21 x 31 ins. — fast film can be used if desired 
since grain is less important. 

All normal colour processes are suitable for 
mountain photography. But a haze filter at 
least must be added in the mountains where 
there is more ultra-violet and blue light, 
especially in snow or at high altitudes. 

At times a somewhat stronger filter than the 
colourless u.v. is useful, whilst some workers 
recommend and use artificial light material 
corrected for daylight by adding the yellow or 
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SCALE IN MOUNTAINS. Top: A near small object or a distant 
large one may all look equally big. A, rock at 10 feet; B, crag 
at 100 feet; C, hill at I mile; D, mountain at 5 miles. Centre: 
With mountains the atmosphere often provides perspective 
and affects the contrast and detail rendering. E, near; F, 
middle distance; G, distance; H, extreme distance. Bottom: 
Other features of the view may provide scale: I, climbers up to 
300 yards; J, huts and trees up to 1-2 miles; K, villages up to 
S miles. Foreground figures do not give scale. 

salmon pink filter recommended by the 
makers. This eliminates excess violet and u.v. 
Telephoto Work. Telephoto work is a fascin- 
ating extension of normal mountain photo- 
graphy. For 35 mm. instruments, lenses of 13‘5 
or even 18 cm. can be used, but the equivalents 
in 2i x 3i ins. cameras are very heavy and 
bulky. No rangefinder coupling is necessary 
because all subjects are at infinity. A medium 
yellow filter will give good results in the high 
Alps, whilst a red filter may be advisable in the 
greater haze of this country. 

Lighting and Weather. Clear sunny weather 
with some light clouds in the sky is good for 
general record work, but the finest pictures 
occur in unsettled conditions, with the sun 
breaking through storm cloud or mist sweeping 
across hillsides. 

Lighting and weather cannot be controlled, 
but with a map and a note of light directions 
at different times of day according to season, 
some idea can be obtained of the range of 
effects that may be expected in clear weather. 
But it is often necessary to study an important 
subject under varying conditions before its 
possibilities can be properly understood. 

Most mountain landscapes are at their best 
in the early morning or late evening, when long 
shadows reveal and accentuate contours. This 
is particularly so in the high Alps, for the 
modulations of the snow and glaciers are then 
seen to the greatest advantage. But the top 
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lighting of noonday, useless for ordinary land- 
scape, is valuable when taking steep north faces, 
with the light glancing down. 

Lighting for Colour. The clear rarified air of 
the mountains produces more pronounced 
contrast between sunlit and shadowed parts 
especially on high ridges. So unless there are 
clouds or haze present to diffuse the harsh 
sunlight and reflect light into the shadows, care 
must be taken to avoid large shadow areas. 

As with monochrome, early morning and late 
evening lightings are often best. The weaker, 
yet warmer — i.e., more orange — light contrasts 
effectively with the blue or bluish shadow areas, 
yet each is bright enough to come within the 
restricted range of the colour material. 
Seasons for Colour. In low hills such as in 
Britain, much of the charm of colour is in the 
contrast between foreground and distance. The 
heavy monotonous greens of high summer do 
not make attractive colour pictures. There is 
much more beauty in the subtler tints of late 
autumn, winter and early spring. 

The same conditions apply, to some extent, 
in alpine regions although with evergreens there 
is less variety in the green of the foliage. In the 
foreground shots, however, from the end of the 
snows until early summer, the varied hues of the 
alpine plants, the gentian, the alpenrose, the 
saxifrages lend a special attraction to colour 
photographs of mountain scenery. 





VIEWPOINTS. Top: Shooting upwards from a valley makes the 
foothill almost obscure the summit. Centre : Halfway up the 
other side of the valley the foothill, summit, and background 
are in proper proportion. Bottom: Too high a viewpoint dwarfs 
a mountain as more distant peaks tower above It. 
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LIGHTING IN MOUNTAINS. Top left: Side light is the most useful lighting as the shadows indicate the shape of the hills and there 
is usually sufficient haze to give an impression of depth. Top right: Front light with the sun behind the camera produces little 
modelling, and atmospheric haze is least effective with thi ^ kind of lighting. It is, however, very suitable for colour photography, 
Bottom left: Back lighting with the camera more or less facing the sun gives contrasty and dramatic effects. It emphasizes 
receding planes, and tends to suppress detail. Bottom right:. Top light from the midday sun in the summer Is rarely suitable foi 
open views, but may be successful far illuminating steep rock faces which will then show the same kind of modelling as by side light. 


Viewpoint. Viewpoints on valley or plain level 
have the disadvantage that when the mountain 
subject appears in reasonable proportion it is 
too small and distant to be effective, whilst a 
near view, being practically below the subject, 
seriously distorts the perspective. Photographs 
taken from hill tops often miss the valleys and 
lower slopes. Viewpoints at intermediate levels 
offer the best chance of a good picture. When 
the foreground slopes away sharply it also 
opens up the valley vistas and it is surprising 
how the view expands even with a relatively 
small gain of height above the valley floor. 
Climbing Shots. The recording of technical 
detail on rock climbs and on major mountain- 
eering expeditions is an important part of 
mountain photography. For normal work with 
single lens cameras, extreme angles of tilt either 
up or down should be avoided. The best 
climbing shots are taken either from opposite 
the route by someone not in the party or 
among the party itself on traverses (i.e., hori- 


zontal movements across rock) or on ridges. 
Stereoscopic Work. Stereoscopic photographs 
do not suffer from this limitation of tilt, and in 
fact pictures looking steeply up or down have 
astonishing realism and drama. But apart from 
climbing shots, stereo pictures of general views 
are unimpressive so long as the normal lens 
separation is used. There is, in fact, virtually no 
impression of depth. 

Effective stereo shots of distant peaks are best 
taken with abnormal lens separation, some- 
times with the left and right pictures made from 
as much as 100 feet or more apart. For such 
“long base” shots settled conditions without 
moving cloud shadows are essential. But such 
pairs reveal third dimensional detail un- 
obtainable in any other way, and the mountain 
looks like a model a few feet away with all 
depth accent"ated. C.D.M. 

See also: Caves ; Geology; Landscapes. 

Books: Mountain Photography, by C. D. Milner 

London); The Mountain Scene , by F. S. Smythe (London). 


MOUNT ANTS. The important thing about 
an adhesive used for mounting prints is that 
it must not contain any chemicals which might 
attack the photographic image. For this reason, 
glue and gum should never be used. Many 


suitable types of adhesive are available: starch 
paste, dextrine, gelatin, rubber solution and dry 
mounting tissue. 

Starch Paste. This is made from ordinary starch 
powder. A quantity, say two tablespoons, of the 
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powder is placed in a basin. About a dessert- 
spoonful of water is added and the starch is 
worked into a stiff paste free from lumps. 

Boiling water is added (with constant stirring) 
to bring it up to the consistency of thick 
cream and at this stage is put into a saucepan 
and boiled for about two minutes. 

A few drops of carbolic acid solution are then 
added and the mixture allowed to cool. When 
it sets, the skin which will have formed on the 
top is removed. 

Dextrin. Dextrin mountant is best bought 
ready made and is used in exactly the same way 
as starch paste. 

Here is a formula for those who prefer to 
make i t themselves : 


Dextrin (white) 
Water 

Oil of wlntergreen 
Oil of doves 


14 ounces^ 
20 ouncev 
5 minims 
5 minims 


350 grams 
500 c.cm. 
0-3 c.cm. 
0-3 c.cm. 


The water is placed in a double saucepan over 
heat and when it has reached a temperature of 
160° F. (this is critical) the dextrin is stirred 
in slowly. When it has dissolved, the preserving 
oils are added with constant stirring. This paste 
should be kept a week or two before using to 
permit it to mature. 

Gelatin. Gelatin mountant has the advantage 
that the solvent evaporates rapidly so there is 
no danger of cockling the mount or print. 
One part of ordinary cooking gelatin is 
covered with water and allowed to swell. This 


takes some time and the water must be changed 
several times during the period. The water is 
poured off and the soaked gelatin is heated in a 
water bath until it melts. Twelve parts of 
methylated spirit are added slowly while the 
mixture is stirred. It is then poured into a large 
wide mouth jar and covered. The solution sets 
when cool. It is melted again before use by 
standing the jar in hot water. It is applied 
quickly and evenly with a soft brush to the back 
of the print which is then placed as quickly as 
possible on the mount. 

Rubber Solution. This adhesive has rapidly 
taken the place of the older mountants. It has 
the advantages of being very clean and easy to 
use. It adheres strongly, but if necessary, the 
print can be easily stripped from the mount. It 
is non-cockling. Several brands of adhesive 
rubber solution are marketed specially for 
photographic mounting. 

Dry Mounting Tissue. Dry mountants that 
cause adhesion when heat is applied are the 
least messy to use. Tissue impregnated with 
shellac is the most common and is usually sold 
in sheets or rolls interleaved with waterproof 
paper. Provided the tissue is used properly, 
really perfect contact between the print and 
mount can be achieved. The layer of shellac 
will also serve to protect the print from any 
impurities in the mount. Dry mounting tissue 
must always be stored in a cool and dry place 
to prevent it from deteriorating. R.M.F. 

See also: Adhesives. 


MOUNTING PRINTS 


The print and its mount should always be 
truly rectangular. This can be ensured by 
careful trimming. 

Trimming. The best trimmer is the desk type, 
operated by pressing down the top platform. 
In this type the necessary guide stop and margin 
indicator are incorporated. For prints up to 
5x7 ins. the type of trimming board that has 
a push-down knife or guillotine is satisfactory. 

Prints can, of course, be trimmed with a 
straight edge, using a set square as a guide. The 
print is placed upon a sheet of glass and cut 
through at one stroke with a very sharp knife 
or a safety razor blade in one of the holders 
sold for the purpose. 

If the print has a white margin it is best to use 
as a guide a glass or Perspex straight edge 
through which the edges of the print can be 
seen: it is then easy to trim the print exactly 
parallel to the edge of the mask. When 
trimming a print without a white margin, the 
knife should be inclined slightly outwards. 
This will avoid leaving a white edge showing 
around the print. 

Paste Mounting. The print is placed face down 
on a sheet of clean paper or an old newspaper. 
The mountant — e.g., starch paste — is then 


rubbed on the back of the dry print with the 
fingers or a brush (a discarded shaving brush is 
ideal). The brush is wiped across the print on 
all four sides on to the paper. This ensures that 
the edges, and especially the comers, are coated 
with paste. At this stage the print must not be 
allowed to slip over the paper because it is 
important to keep the paste off the front 
surface. 

The print is next lifted carefully and placed 
in the correct position on the mount. This 
position should be indicated beforehand by 
light pencil marks. The best way is to attach 
the top edge, and then carefully lower the rest 
of the print into place to prevent air pockets 
between the print and the mount. A sheet of 
clean paper is then put over the print and 
pressure applied with a squeegee. The soiled 
paper upon which the print was pasted should 
be replaced by a fresh sheet for the next print. 
Wet Mounting. Prints may be paste mounted 
when still wet if the excess water from the final 
wash is first removed by squeegeeing the prints 
face down on a sheet of glass. 

The mountant is applied to the top print. It is 
peeled off, placed in position on the mount, 
covered with a sheet of whitepaper, and rubbed 
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down into place. The surface of the print is then 
dried with a clean cloth, covered with a fresh 
sheet of paper and squeegeed firmly into 
contact with the mount. 

Wet mounting should be avoided because 
when prints are mounted wet there is always a 
risk that the mount will cockle on drying. 
Rubber Gum Mounting. The print is trimmed 
and its place on the mount is marked by two 
light pencil dots at the two top corners or by a 
rectangle ruled in pencil. 

An ample supply of rubber solution is taken 
up on a palette knife and spread evenly over the 
rectangle of the mount, carrying it well beyond 
the dimensions of the print. The back of the 
print is then covered in the same way and both 
surfaces are allowed to dry for about a quarter 
of an hour. 

The print is then laid in position, covered 
with a sheet of waxed paper, and squeegeed 
into contact with the mount. Once contact 
between the print and mount has been made, 
the print should not be moved. After about ten 
minutes the surplus solution around the edges 
can be rubbed away with the fingertip without 
harming the mount or the surface of the print. 
Dry Mounting. Professional and commercial 
workers attach prints to the mount with dry 
mounting tissue. This is paper coated on each 
side with shellac which melts when heated in 
the dry mounting press and holds print and 
mount together. Prints mounted in this way do 
not cockle and the surface is left smooth and 
free from irregularities. The method is per- 
manent because the tissue effectively stops any 
chemical impurities in the mount from getting 
through to the print. 

A special heated press is necessary for dry 
mounting prints in any quantity and especially 
for the larger sizes. These presses are heated by 
gas or electricity and maintain the correct 
temperature for melting the tissue. The two 
faces of the press are very strongly constructed 
so that they will give the necessary high and 
uniform pressure all over the print. 

A sheet of tissue, larger all round than the 
finished size of the print, is placed over the back 
of the print. The tissue is then touched down 
with a small heated fixing iron applied around 
the centre of the print. This melts the tissue and 
fixes it temporarily in position on the back of 
the print. Prints must always be quite dry 
before being mounted. There must be no dirt 
or grit on the print or the cover plate or it will 
indent the surface and ruin the print. 

The print with the tissue attached is then 
trimmed and the tissue is touched down on the 
mount with the iron at all four comers. The 
tissue is then stuck to the print in the centre 
and to the mount at the comers, so that it holds 
the print in position ready for the mounting 
operation. 

The bed plate of the machine is heated to 
140°F. as indicated on the thermometer. The 
print, face up, is placed in the press with a metal 




METHODS Of MOUNTING PRINTS. Top sequence: Bos/c 
stages in dry mounting with tissue. I. Tack down a sheet of 
tissue. ( slightly larger than print) to t/ie back of the print 
with a hot iron. 2. Trim edges of tissue and print. 3. Place on 
mount and cover with clean paper. 4. Apply hot iron. Bottom 
sequence: Main steps in wet mounting with paste. I A. Rub 
paste well into back of wet print. 2A. Carefully lower print 
on to mount. 3A. Wipe over to press down. 4A. Put print and 
mount under pressure for several hours. 
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DRY MOUNTING EQUIPMENT. Left: Electrically heated dry 
mountingpress for professional use. Right: Touching iron (may 
be electric) for attaching tissue to prints. 

cover plate on top of it and the pressure is 
applied for three or four seconds (prints on 
double weight paper need longer time). The 
print is removed and while still hot is bent out- 
wards to remove the slight curl left by the press. 
If the print comes out of the press attached to 
the tissue and not to the mount it generally 
means that the press is not hot enough. If it is 
attached to the mount and not to the print the 
press is too hot. 

It is possible to dry-mount a print with an 
ordinary domestic flat iron. The hot iron is first 
used to touch the tissue down on to the centre 
of the print and then, after trimming, on to the 
mount, exactly as the small fixing iron is used 
above. The mount and print are then laid on a 
smooth surface and a thin metal plate is laid 
on the print to act as a separator. 

Pressure is applied with the hot iron over the 
whole area of the print until it is firmly stuck to 
the mount. This method is fairly satisfactory 
for small prints but less effective for larger 
sizes. It is not as certain in action as a real dry 
mounting press. 

Mounting for Exhibition. Prints may be 
mounted for exhibition by any of the methods 
described, but there are generally special 
conditions to be fulfilled. Most exhibition 


authorities stipulate mounts of certain standard 
sizes — 20 x 25 ins., 16 x 20 ins. and 12 x 15 
ins. are common. It is also usual to stipulate 
that the mount must be white or of light tone. 

The size of the print is usually left open, but 
in most cases it will be found that the smaller 
the print the larger the apparent size of the 
mount. For example, a print 3x4 ins. would 
look well upon a mount 8 x 10 ins., but a print 
6x8 ins. would look as if it had insufficient 
margin. 

With the exception of the commercial mount 
where the position of the print is already 
marked, the photographer is free to decide the 
position of the print for himself. It is generally 
agreed that with vertical prints there should be 
more space at the sides of the print than along 
the top. And with horizontal prints there should 
be more space at the bottom than at the top; in 
fact a print mounted in the centre often has the 
appearance of dropping off the mount. 

The best position should be found by experi- 
ment and marked before the print is finally 
mounted. 

Fancy Mounts. Many workers attempt to 
enhance the appearance of their work by 
various more or less dubious embellishments 
such as mounting the print on a tinted mount or 
giving it a deckle edge. Such extras are almost 
always obtrusive and compete with the picture 
for attention. 

Pencil lines lightly ruled on the mount can be 
very effective, particularly if there are white 
areas running off the edge of the print. But the 
lines must be neat, rectangular and lightly 
drawn. 

Titles and signatures on the mount are 
better left out unless the worker is skilled in the 
art of lettering. Unskilled lettering can easily 
ruin the appearance of an otherwise excellent 
print. R.M.F. 

See also: Embossing prints; Framing photographs: 
Mountants; Mounts. 

Books: All About Print Finishing , by R. M. F tinstone 
(London); The Complete Art of Printing and Enlarging t 
by O. R. Croy (London). 



MOUNTS. The main purpose of a mount is to 
isolate the photograph from its surroundings. 
Interest is then concentrated on the photo- 
graph and not attracted by detail outside the 
picture area. It also serves to provide the photo- 
graph with a stiff support. 

The simplest mount is just a plain piece of 
card, coloured cream, ivory or white. A thick- 
ness of about 1/16 in. is quite adequate for 
normal purposes. 

Simple mounts are usually best, and exhibi- 
tion prints are nearly always displayed on quite 
plain mounts varying only in surface and colour. 
Colour. The image colour of a photograph 
can range from a cold blue-black to a warm 
reddish brown — or it can be toned to a variety 
of other colours. The actual paper base of the 


print can also vary from white to deep cream. 
So the colour of the mount must be chosen to 
blend with the print. A cream based print will 
tend to look degraded on a white mount; and 
although a warm toned print may be put on a 
white mount, it generally looks better on ivory 
or cream. Dark coloured mounts are best 
avoided, the only exception being for colour 
photographs, which gain in brilliance when 
mounted on a black or dark grey card. 

Surface. Mounts are also available with 
different surface textures — e.g., smooth, egg 
shell, rough or with a linen texture. 

Choice of surface is less important than 
colour but it does have some influence on the 
final appearance of a photograph. Pictures of a 
strong, bold character look better on rough 
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mounts, and light delicate subjects need a 
smoother surface. 

Size. If the mount is required only as a sup- 
port, it is better to buy a size slightly larger 
than the print. The surplus border is then 
trimmed off after the print has been mounted. 
This leaves a cleaner edge than by using a mount 
of exactly the same size as the print. 

When the mount is used to provide a border 
as well, there is no practical limit to the size 
that may be used, but the normal practice is to 
choose a size that will provide about 2 ins. 
border along the top and sides with rather more 
along the bottom. However, as mounts are 
made in standard sizes, the width of the border 
can only be varied by trimming the mount or 
altering the dimensions of the print. So unless 
a very wide border is required, a 12 x 15 ins. 
print is used on a 16 x 20 ins. mount or 
trimmed down slightly and used on a 12 x 15 
ins. mount. A variation sometimes effective is 
to mount a horizontal print on a larger size 
vertical mount with the print near the top edge. 

The standard sizes of mounts are the same 
as those for prints, but mounts are not normally 
made smaller than 6i x 8i ins. Most exhibi- 
tions have a rule that prints should be on 
mounts of a certain size.Thisis usually 16 x 20 
ins., or 12 x 15 ins. but with minor exhibitions 
smaller sizes are of ten accepted. 

Quality. It is important to choose a mount 
made specially for photographic prints. Ordin- 
ary mounting card may contain chemical im- 
purities that will affect the permanence of the 
photographic image. Poor quality mounts also 
have a tendency to split along the edges, partic- 
ularly when heat is applied — as in dry mounting. 
Variations. Other variations on the simple 
mount are also used. The picture area can be 
cut out, and the edges of the opening bevelled. 
The picture is then mounted behind the open- 
ing so that it is framed by the mount. (Cutting 
out this aperture requires considerable skill, so 


MOV 

it is wise to practise first on some old card- 
board.) 

Mounts can also be obtained with plate 
markings — i.e. with a sunken area slightly 
bigger than the print to be used. 

Artists’ drawing paper may also be used as a 
mount when firmness is not important. The 
most suitable is hand made paper, which al- 
though expensive has a very pleasing surface 
texture. 

Coloured paper of a contrasting shade to the 
mount can also be introduced between the 
print and the mount. The paper is cut slightly 
larger than the print so that it will show a 
narrow border. With the right subject this 
narrow border between print and mount can 
look very effective. These papers, called border 
tints, are usually coated with shellac on one 
side for dry mounting. 

Folder Mounts. In its simplest form, the 
folder mount is a piece of thin card folded in 
half. The picture is mounted on one half of the 
card, while the remaining half serves as a cover. 

Folder mounts embody much the same 
features as the plain card mount, but are mostly 
made in smaller sizes and of much thinner card. 
They are also made in various colours with 
mottled and grained effects, deckled and tom 
edges and even with silver or gilt border lines. 

To avoid the use of a mountant, folder 
mounts usually incorporate some easy system 
of attaching the print — e.g. four diagonal slits 
for the comers of the print (a method commonly 
used in albums). Another type has a cut-out 
frame stuck over the mount along three edges, 
the fourth being left unstuck so that the print 
can be slipped in. These are known as slip-in 
mounts. 

Folder mounts are mostly used for small 
prints that are to be carried in the pocket or 
handbag. They protect photographs from sur- 
face marks and help to keep them flat. J.D.C. 
See also: Albums; Greeting cards . 


MOVEMENT 


If the subject of a photograph is moving as 
the shutter is released, its image will move over 
the surface of the film or plate in the camera. 
No matter how slowly the subject is travelling 
or how quickly the shutter opens and closes, the 
image is bound to move to some extent. 
Because of this movement the negative and any 
prints made from it will show blur. And if the 
negative is enlarged, the blur will be increased 
in proportion. 

Even so, the blur is not bound to be visible 
in the finished print. In fact, if it is less than 
1/100 in. wide the average human eye will 
not be able to detect it. With this as a starting 
point it is possible to lay down conditions for 
photographing moving subjects in such a 
way that the final picture will appear to be 


perfectly sharp — i.e., so that the actual blur 
will not be greater than 1/100 in. on the print. 
Slowest Shutter Speed. If the negative is to be 
used for making contact prints which will be 
viewed at the normal distance of 10 inches with 
the unaided eye, the condition to be fulfilled 
is simple: the image must not move more than 
1 / 1 00 in. while the shutter is open. 

In this case it is only necessary to calculate 
the time the image takes to move 1/100 in. 
on the plate, and the answer will be the slowest 
shutter speed that will arrest the movement of 
the subject. 

For example, a racing motor car is to be 
photographed passing across the field of view 
300 feet away at 120 miles per hour (176 feet 
per second), the negative is to be taken through 
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OBJECT AND IMAGE MOVEMENT. Top: The image movemen 
is smallest for a distant moving object. Centre left: At a 
given distance a short focus lens gives a smaller image ( with 
loss movement ) than a longer focus lens. Centre right: If, 
however, both negatives are enlarged to the same image size, 
the blur through image movement will be the same. Bottom: 
Object movement along the camera axis causes the smallest 
imagemovement.across the axis the greatest. Movement at an 
angle is intermediate in effect, as it can be resolved into a 
movement along the camera axis and one at right angles. 

a 10 ins. lens, printed by contact, and viewed 
from 10 ins. (these conditions give natural 
viewing). As the car (300 feet away from the 
lens) moves 176 feet in one second, the image 
(10 ins. away from the lens) moves (by simple 
proportion) (176/300) x lOins. =5 -86 ins. It 
moves this distance in 1 second, so that it will 
move 1/100 in. in l/(5-86 x 100) or, roughly, 
1/600 second. 

This is the lowest permissible shutter speed 
(l.p.s.) that will arrest the movement of the 
subject at that particular speed, distance and 
direction of movement. For other shutter 
speeds, distances and directions, the corres- 
ponding lowest permissible shutter speed 
follows by simple reasoning. 

If the racing car is travelling at 240 instead 
of 120 miles per hour, the slowest permissible 
shutter speed would be 1/600 -r 2 = 1/1200 
second. 


If the racing car is being photographed at 
100 feet instead of 300 feet, the slowest per- 
missible shutter speed would be 1/600 -1- 3 
= 1/1800 second. 

Movement across the field is most marked ; 
movement towards the camera becomes merely 
a relatively slow change in size. So if the car 
were moving towards or away from the camera 
instead of across the field of view, the l.p.s. 
could be made three times as long — i.e., 1 /600 
x 3 = 1 /200 second. And if the car had been 
moving obliquely, at 45° to the camera-subject 
line, the l.p.s. can be twice as long — i.e., 
1/600 x 2 = 1/300 second. 

Effect of Focal Length. The above theory 
holds good for contact prints from negatives 
made with a 10 ins. lens and viewed at a 
distance of 10 ins. But if the negative is en- 
larged, then the blur is enlarged with it, and 
blur that was not noticeable in a contact print 
might become visible in an enlargement viewed 
at the same distance. So for every diameter the 
negative is enlarged, the l.p.s. must be made 
shorter in proportion — i.e., if the negative is to 
be enlarged four times, the above l.p.s. must be 
divided by four. 

Generally, the amount of enlargement that 
must be given to a negative to produce a 
natural-looking print is found by dividing the 
focal length of the taking lens (in inches) into 
the focal length of the lens that gives a natural 
print by contact — i.e., a 10 ins. lens. 

A negative taken through a 2 ins. lens must 
be enlarged 10/2 = 5 times to give a natural 
print. But the amount of blur in the negative is 
smaller in the same proportion because the 
film is 2 ins. away from the lens instead of 10. 
So that the l.p.s. for any particular moving 
subject is the same irrespective of the focal 
length of the taking lens. 

But this is true only as long as the negative is 
enlarged to make a print for natural viewing at 
10 ins. Very often, however, the subject is 
deliberately magnified beyond its natural print 
size either by taking the negative through a 
telephoto lens, or by giving extra enlargement 
to a negative taken through a lens of normal 
focal length (as when a 35 mm. negative, taken 
with a 2 ins. lens is enlarged 10 times). 

If prints made in this way are viewed from a 
distance of 10 ins. they look so many times 
“larger than life” and any blur caused by 
subject movement is magnified in the same 
proportion. Theoretically, the l.p.s. should be 
made correspondingly shorter — i.e., a negative 
taken through a 2 ins. lens and over-enlarged 
10 times should be taken at half the l.p.s. for 
the same negative enlarged naturally five times. 
Complex Motion. What has been said about 
simple motion can rarely be applied in practice 
because so many subjects involve more than 
one kind of motion. If a man is being photo- 
graphed walking past the camera, a fairly slow 
shutter speed will arrest the movement of his 
body, but something very much faster would 
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have to be used to give a sharp image of his 
hands and feet in the middle of their swing. 
The shutter speed that would arrest the move- 
ment of a railway engine would still leave the 
spokes of the wheels blurred. 

In fact, almost every form of movement met 
with in practice is complex, and no photographer 
could hope to work out the exact minimum 
shutter speed necessary to arrest the movement 
of a given subject in time for the answer to be 
of any use. But a knowledge of the theory is a 
useful guide when adopting the more practical 
approach described below. 

Focal Plane Shutter Distortion. In a camera 
with a focal plane shutter movement of the 
subject (or the camera) may distort the image 
on the negative even at shutter speeds fast 
enough to prevent blur. This is because the 
moving slit of the shutter exposes the negative 
piecemeal and not simultaneously all over. The 
speed of the shutter is the time taken to un- 
cover and cover a single point on the surface. 
This may be so short that the image does not 
move enough to show blur in the print. But the 
total time taken by the shutter to expose the 
whole surface in this way is much longer and 
the image may also be moving as the slit 
moves across the focal plane. In that case each 
successive image strip exposed through the slit 
will be displaced further in the direction of the 
image movement, and the subject will appear 
to be sloping in that direction in the finished 
print. The wheels of a motor-car travelling 
past the camera will appear to be sloping 
either forwards or backwards if the camera is 
held so that the shutter travels from bottom to 
top or top to bottom respectively. If it travels 
from side to side, the image will be either com- 
pressed or elongated in the direction of move- 
ment (i.e., the wheels appear oval instead of 
round). 

The extent of the distortion depends on the 
time it takes for the slit to traverse the image. 
So the closer the subject to the camera — i.e., the 
bigger the image it forms — the worse the dis- 
tortion. And the longer it takes the slit to com- 
plete its travel — i.e., the slower the speed of the 
blind or the farther it has to go — the greater 
the distortion. This explains why, under similar 
conditions, there is less distortion with a 
miniature focal plane shutter than with a larger 
type where the slit has a greater distance to 
travel. 

Where this type of distortion is to be kept as 
low as possible, the subject should be photo- 
graphed at the greatest acceptable distance and 
preferably with a miniature camera. On the 
larger focal plane shutter cameras the slit 
width and blind speed — i.e., spring tension — 
are adjusted independently. With such instru- 
ments it is possible to give the same exposure 
with several combinations of slit width and 
blind speed. Where there is a choice, that using 
the highest blind speed in conjunction with 
the widest slit gives the least distortion. 


It must be remembered that what has been 
said above relates only to the image distortion 
produced by movement. The blur is controlled 
independently and in exactly the same way as 
with a betwaen-lens shutter. 

The Practical Approach. In practice the whole 
problem of photographing moving subjects 
is very much simpler than the theory suggests. 
The experienced photographer avoids move- 
ment blur in one or more of four ways : 

(1) By shooting from a distance and angle 
that will minimize blur. 

(2) By using the fastest shutter speed possible, 
irrespective of the theoretical l.p.s. 

(3) By making the exposure at a “dead” point 
in the motion. 

(4) By swinging the camera to keep pace 
with the movement of the subject. 

Distance and Angle. The closer the camera is to 
the subject, the greater the blur on the negative, 
and at any distance, the blur is worst when the 



MAXIMUM EXPOSURE TO ARREST MOVEMENT. The 
figures indicate the slowest speeds that can be used when photo- 
graphing a cyclist moving at about IS m.p.h. at various dis- 
tances from the camera. A subject moving at twice this speed 
(i.e., at 30 m.p.h.) will need twice as fast a shutter speed ( half 
the exposure time — e.g., I/I 00 second Instead of 1/50), while 
the exposure can be doubled for a subject moving at half the 
speed (7-8 m.p.h.). The shutter speeds are of course approxi- 
mate, and not necessarily marked on every shutter. Use either 
a suitable in-between setting, or where this is not possible, the 
next faster speed marked on the shutter scale. 
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subject is moving across the field of view and 
least noticeable when the subject is moving 
towards or away from the camera. So if condi- 
tions preclude the use of fast shutter speeds 
the photographer should not work close to a 
moving subject, and he should choose a posi- 
tion where the direction of movement is not 
directly across the field of view, but at about 
45° to the line of sight. (A head-on photograph 
would show even less blur, but the three- 
quarter view gives a better impression.) 
Shutter Speed. From actual experience it is 
possible to make a list of the l.p.s. values that 
apply to a number of representative subjects, 
moving at various distances and direction. These 
values take into account any secondary move- 
ment of the subject (e.g., the arms and legs of 
a walking person, which move faster than the 
body) as well as its speed so they are more 
reliable than a theoretical list based on speed 
alone. 

At the same time, the photographer cannot 
carry such a list in his head, and he will rarely 
have time to refer to it. In practice he simply 
uses the fastest shutter speed that the circum- 
stances — lighting, lens aperture and film speed 
— will permit. In fact, within limits, the actual 
shutter speed used is less important than the 
other practical considerations governing the 
amount of blur. 

The table below gives, however, a set of 
suitable exposure times. 

The Dead Point. A swinging pendulum comes 
to a stop at each end of its swihg; an athlete or 
a horse and rider at the highest point of a jump 
are moving neither up nor down; there is an 
instant in walking and running when the hands 
and feet are stationary. In almost every form of 
complex movement, there are “dead” points 
where the movement halts. These are the 
instants that the practised photographer looks 
for if he is out to avoid blur in his pictures. 


It is not enough merely to be able to recognize 
the dead point; the photographer must learn 
to allow for the time lag in both the human and 
the camera mechanism, or he will find that he 
is making his exposures after the critical instant 
has passed. 

Swinging the Camera. One of the most effective 
ways of minimizing the blur caused by straight- 
forward movement is called “swinging the 
camera." This simply means that the camera is 
kept pointing at the subject as it moves past, the 
image of the subject being held in the centre of 
the viewfinder up to and during the instant of 
exposure. 

When the camera swings with the subject in 
this way the subject will come out sharp on the 
negative, and the background will be badly 
blurred. But as a rule the blur, far from being 
objectionable, helps to separate the subject 
from the background and actually increases the 
impression of speed. 

General Technique. An experienced photo- 
grapher who wanted to photograph, say, a 
horse and rider clearing a hurdle, would go to 
work like this: 

(1) He would choose a station which his 
subject would approach in three-quarter View 
and at which, at the instant of clearing the 
hurdle, it would fill about half of the picture 
space. 

(2) Having decided what exposure to give he 
would achieve it with the lens aperture that 
would give a depth of field that just included 
the jump and no more. This would permit the 
fastest possible shutter speed in the prevailing 
lighting conditions. 

(3) He would get rid of horizontal blur by 
swinging the camera as the horse and rider 
approached. 

(4) He would get rid of vertical blur by 
clicking the shutter as horse and rider reach the 
highest point of the jump. 


PRACTICAL SHUTTER SPEEDS FOR MOVING OBJECTS 


Distance 
ft m. 

2 

3-2 

4 

6-4 

Enposure Time (seconds) for Object Speed of 
8 16 30 60 

13 25 50 100 

120 

200 

250 

400 

500 m.p.h. 
800 km.p.h. 

| 

0-3 

1/3000 



_ 











. 

2 

0-6 

1/1500 

1/3000 

— 

— 

— 

— 





— 

4 

1-2 

1/750 

1/1500 

1/3000 

— 

— 

— 





— 

6 

2-4 

1/400 

1/750 

1/1500 

1/3000 

— 





— 



16 

4-0 

1/200 

1/400 

1/750 

1/1500 

1/3000 

— 

— 

— 

. — , 

32 

10 

1/100 

1/200 

1/400 

1/750 

1/1500 

1/3000 







64 

20 

1/50 

1/100 

1/200 

1/400 

1/750 

1/1500 

1/3000 





125 

40 

1/25 

1/50 

1/100 

1/200 

1/400 

1/750 

1/1500 

1/3000 



250 

80 

1/10 

1/25 

1/50 

1/100 

1/200 

1/400 

1/750 

1/1500 

1/3000 

500 

150 

1/5 

1/10 

1/25 

1/50 

1/100 

1/200 

1/400 

1/750 

1/1500 

miies 

i 

km. 

0 4 

1/2 

1/5 

f/10 

1/25 

1/50 

1/100 

1/200 

1/400 

1/750 

} 
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Thase shutter speeds apply for objects moving across the line of sight of the camera. For movement diagonally towards 
or away from the camera, the exposures may be 1} times as long (e.g., 1/500 second instead of 1/750). For movement 
directly towards or away from the camera 3 times as long exposures may be given (e.g., 1/250 second instead of 1/750). 

The standard of definition is 1/1000 of the foal length of the normal camera lens. With long focus or telephoto lenses 
the speeds must be multiplied (or the exposure time must be divided) by the power of the telephoto lens, e.g., I / 1 00 
second becomes i/200 with a 2 x telephoto lens. 
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Deliberate Blur. Blur in a photograph of a 
moving subject is not always objectionable; 
there are times when a certain amount actually 
improves the picture. In fact the only photo- 
graphs in which blur is completely out of place 
are scientific records of movements too fast for 
the eye to follow. In pictorial work it is rarely 
advisable to show both subject and its back- 


ground perfectly sharp even when it is possible. 
If both are sharp the photograph simply looks 
as though the subject were stationary. F.P. 


Sc « also: Camera shake; Chrono photography; High speed 
cinematography ; High speed photography; Holding the 
camera; Motion study; Sport; Stroboscopic flash; Time 
lapse photography. 


MUCK SPREADING. (Slang.) Term of dis- 
paragement for the bromoil and oil pigment 
finishing processes, or any oil finis hing. 

MURALS. In the main, murals can be copied 
in the same way as ordinary paintings. But 
murals are usually much larger and may have 
to be taken in sections. 

Since the process is apt to be tedious, before 
adopting it a careful check should be made to 
see if a suitable viewpoint for a single exposure 
has been overlooked (e.g., from outside the 
building, looking through an open window). 

If, however, there is no easy way, the mural 
must be photographed in sections. The prints 
are then assembled as a photomontage which is 
subsequently re-photographed. (The method 
cannot be used for murals in relief — e.g., 
sculptures — because the change of viewpoint 
causes a change in the perspective from section 
to section.) 

Taking the Photographs. By using the focusing 
screen or viewfinder on the camera, a rough 
guess is first made of the number of separate 
exposures likely to be needed to cover the 
whole mural. All the exposures must be made 
at the same distance from the wall and the 
sections should be mapped out so that each 
fills as much of the available negative space as 
possible. 

There may be only a single row or several 
rows — e.g., two rows of two, or one row of four. 
If the mural is an odd shape — e.g., on the wall 
of a stairway — it may have to be covered in 
rows of unequal numbers. The section plan 
must in any case allow for plenty of overlap. 
Method. The camera is set up dead square with 
the wall at the end of a row so that the outside 
edge of the painting lies just within the field of 
view. An assistant then sticks a small white 
spot of paper on the mural just inside the field 
of view on the other side of the viewfinder or 
focusing screen. All four comers of the section 
are indicated on the mural in this way with 
white spots of paper lightly stuck to the surface. 

A length of wire is then knotted to indicate 
the distance between the mural and a suitable 
reference point on the camera. (String is apt 
to stretch.) 

After the first photograph has been taken, 
the camera is moved along the row until it 
covers the second section as indicated by the 
white spots marking the inner edge of the first 
section. Two new spots are then added to mark 


the inner edge of the new section. Before expo- 
sure the camera is checked to see that it is 
square with the wall and at the correct distance 
from it. The procedure is repeated until all 
sections in the row have been photographed. 

For subsequent rows it is only necessary to 
attach one extra spot to mark each section. 
This also ensures the overlap between the two 
rows as well as between the two sections. 

The lighting must be even over the whole of 
each section and must be identical for each 
exposure. Slightly darker or lighter comers 
can be passed off in a single print, but in a 
montage they show up the joins at once. 

If it is necessary to use a filter to improve the 
colour contrast, it must be used for every 
exposure and not simply for the sections where 
the colour rendering requires it. 

Making the Prints. The print from each nega- 
tive should be as large as possible — although 
if more than a dozen are involved, the complete 
montage may be difficult to handle with prints 
much above quarter-plate size. 

The enlargements should be made on single 
weight glossy paper with the enlarger perfectly 
square with the easel so that the scale of en- 
largement is the same for each edge of the 
negative. The illumination must be even to 
avoid dark or light comers on the prints. The 
enlargements may be numbered on the back 
in sequence with the negatives. Until a satis- 
factory set of prints has been produced, the 
enlarger should be left locked in its position 
on the column. 

Apart from these precautions, no special 
technique is necessary until the prints are pro- 
cessed. 

When the number of prints involved is not 
too great, it is best to process and dry all the 
prints together. Otherwise the agitation and 
development time and temperature for each 
print must be rigidly controlled to give iden- 
tical tones. 

Mounting the Prints. The montage is best 
assembled by dry mounting. 

The base consists of a sheet of card or stiff 
paper large enough to accept all the prints and 
still leave a small border. Dry mounting tissue 
is tacked on to the back of each print and they 
are then trimmed just enough to leave clean 
edges. A print from a comer of the mural is 
placed on the corresponding comer of the card, 
leaving a slight border, and mounted with a 
dry mounting iron. 
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The remaining prints are mounted in the 
order in which the negatives were made, each 
overlapping its neighbour to give a continuous 
picture. If the detail on one print does not 
correspond with the next a fresh print of 
slightly smaller or larger scale must be made. 
This can be done by marking on a sheet of 
paper the actual position in which certain 
details should come, laying it on the enlarger 
easel, and adjusting the scale of enlargement 
to fit the marks. In practice, slight errors in 
matching the edges pass unnoticed. 


Next the montage is retouched. The white 
reference spots are touched out with dye and 
any discrepancies in the tones of adjoining 
prints corrected by building up the lighter tone 
by the edges with powdered graphite. 

The montage is then copied, using normal 
copying technique and adjusting the lighting 
to minimize the effect of the joins. Soft, 
frontal lighting is best, so long as it is even 
and does not cause reflections on the print 
surface or shadows from the joins. J.D.C. 

Sec also: Montage; Photo murals. 


MUSEUMS AND COLLECTIONS 


Photographic progress — technical as well as 
artistic — has been traced in a number of 
museums and collections throughout the 
world. Several national photographic societies 
have collections of apparatus and pictures from 
the beginnings of photography, and there also 
exist a number of famous private collections. 
Great Britain. The photographic department 
of the Science Museum, London, has a fine 
collection of apparatus, both still and cinemato- 
graphic — though many of its rarities are on loan 
from the Royal Photographic Society and the 
Will Day collection of cinematography. There 
are also on display photographs; these are not 
shown as pictures in their own right but only as 
specimens of various processes. 

The photographs at the Victoria and Albert 
Museum, London, are not on display, but the 
collection can be used by the public. It lacks 
any historical sequence, being rather a con- 
glomeration of photographs presented from 
time to time: chiefly portraits, topography, 
architecture, and art reproductions. 

The Permanent Collection of the Royal 
Photographic Society of Great Britain, London, 
falls into three divisions: apparatus, books, and 
photographs. The collection of apparatus, 
including the items on view in the Science 
Museum, is, like the library, probably unri- 
valled. Both can be studied by members, and by 
students on special request. (Since the begin- 
ning of 1955 a good selection of apparatus is 
also on permanent display at the Society’s 
house.) A library catalogue was published in 
1939 and a supplement in 1953. The collection 
of photographs contains large numbers of the 
Old Masters of photography in Britain, and 
the work of late-Victorian and Edwardian 
pictorialists is particularly well represented. 
Unfortunately the photographs have not yet 
(1956) been catalogued, and like the library 
and apparatus, are not on view to the general 
public. 

The photographic department of the Imperial 
War Museum, London, comprises about two 
million photographs from World War I on- 
ward, well indexed and available for the public. 

The Kodak Museum at Harrow has an 


excellent technical collection largely devoted to 
apparatus, both still and cinematographic, 
and including the forerunners of cinemato- 
graphy. The range of exhibits includes the more 
important developments in the science of 
photography and examples of some of its 
industrial and other applications. The exhibits 
are not restricted to Kodak products, though 
naturally these form an important proportion. 
The museum contains sections on colour photo- 
graphy and photomechanical printing. An 
informative illustrated catalogue was pub- 
lished in 1947. 

One of the largest picture libraries in the 
world is the Picture Post library, incorporating, 
in addition to modem photographs, the exten- 
sive historical collections formed by several 
private collectors, and the negative stocks of a 
few leading nineteenth-century photographic 
firms. The photographs are mainly collected 
from the “news” point of view, and include 
portraits of celebrities. They are classified in 
four sections: portraits, historical, topo- 

graphical, and modem, in order to make them 
easily available for use by the public. 

The Gemsheim Collection has been largely 
built up to illustrate the history and aesthetic 
development of photography. The 15,000 
photographs range from the world’s first, by 
Nicdphore Niepce, to the work of leading 
contemporary photographers and include 
exceptionally fine collections of the classics of 
photography, chiefly British, though leading 
nineteenth-century French, Italian and Ameri- 
can photographers are represented. The col- 
lection also comprises apparatus (including 
forerunners of cinematography), autograph 
MSS, and a library of about 3,000 nineteenth- 
century books and all important publications 
on the pre-history of photography from the 
sixteenth century on. An illustrated catalogue 
entitled Masterpieces of Victorian Photography 
from the Gemsheim Collection was published 
by the Arts Council of Great Britain on the 
occasion of an exhibition at the Victoria and 
Albert Museum in 1951. 

The National Buildings Record, London, 
formed at the beginning of the last war, con- 
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tains about 500,000 photographs of English 
buildings and sculpture of historic interest. 

Eadweard Muybridge bequeathed to the 
Public Library at Kingston-on-Thames much 
of his pioneer work (both negatives and pub- 
lished photographs) on the motion of human 
beings and animals, including his projection 
apparatus the zoopraxiscope, and his cuttings 
books. 

The Reference Library, Birmingham, con- 
tains 22,000 social-documentary photographs 
and 14,000 negatives of the late-Victorian and 
Edwardian period taken by Sir Benjamin Stone 
and other members of the National Photo- 
graphic Record Association. 

The Scottish National Portrait Gallery, 
Edinburgh, possesses about 1,000 calotypes by 
Hill and Adamson, and several hundred of their 
negatives. The Edinburgh Public Library has 
about 450 calotypes by Hill and Adamson. 

The Royal Scottish Museum, Edinburgh, 
has a few pieces of Talbot’s apparatus, and 
calotypes by Talbot and John and Robert 
Adamson. 

Other European Collections. There is no public 
museum in Europe devoted to photography, 
much to the detriment of the appreciation of 
the past achievements of photography and its 
present-day applications in almost every 
sphere of civilized life. Nor does there yet exist 
an organized catalogue of photographic collec- 
tions though it has been repeatedly proposed 
that it should be published under the auspices 
of U.N.E.S.C.O. 

Austria: The late Dr. J. M. Eder formed an 
historical collection, from the scientific point 
of view, at the Graphische Lehr- und Versuchs- 
Anstalt, Vienna. The catalogue of the library, 
published in 1936, lists 7,500 books. 

Belgium: The Musde de l’Histoire des 
Sciences (Science History Museum), Ghent, 
has a small photographic department chiefly 
consisting of apparatus, books and other relics 
of the Belgian chemist D. van Monckhoven. 

Czechoslovakia: The National Technical 
Museum, Prague, has a large photographic 
and cinematographic department, but no 
detailed information is available. 

Denmark: The Royal Library in Copen- 
hagen is building up a collection of historical 
photographs. 

France: In consequence of an arrangement 
whereby photographers can deposit copies of 
their pictures for preservation, the Biblioth&que 
Nationale (National Library) Paris, has numeri- 
cally probably the largest collection of photo- 
graphs in existence, which runs into several 
million. They are indexed under subjects and 
photographers’ names. None are on display: 
in other words, they form an extensive pic- 
torial archive. Foreign photographers are 
scarcely represented, and even leading nine- 
teenth-century French photographers like 
Nadar are represented mainly by small pub- 
lished pictures (carte-de-visite and cabinet size). 


In 1955, the Georges Sirot Collection formed 
an important acquisition of exhibition prints. 

A large and important historical collection, 
chiefly of apparatus relating to photography 
and cinematography and examples of processes, 
is on permanent display at the Conservatoire 
National des Arts et Metiers, Paris, which 
published a catalogue of its collection in 1949. 

The Musee Camavalet — the museum of the 
City of Paris — assembles photographic docu- 
ments of Paris, and possesses many fine pic- 
tures by Marville and Atget. 

Historically, the most important French 
collection is that of the Society Francaise de 
Photographie (French Photographic Society). 
It illustrates the development of photography 
in France both as an art and as a science 
from Niepce and Daguerre on, including 
apparatus. No catalogue has been published. 
Unfortunately the collection is at present in 
storage. 

The Archives des Documentations Photo- 
graphiques (Record Office of Photographic 
Documents) at the Palais-Royal, Paris, have a 
substantial collection of photographs of all 
kinds of subjects, including a large number of 
Atget's negatives. 

The Archives Photographiques d’Art et 
d’Histoire (Record Office of Artistic and His- 
torical Photographs), Paris, collect photographs 
of architecture, public monuments, and art 
reproductions. 

An important private collection of about 
1,500 daguerreotypes and some apparatus and 
books was assembled by Albert Gilles of Paris. 

The Mus£e Denon, an art museum at 
Chalon-sur-Safine, possesses Nicdphore 
Nidpce’s apparatus and a number of his photo- 
etched plates (heliographs) and other relics 
relating to the pioneer of photography. 

Germany: The Deutsches Museum (German 
Museum), Munich, used to have a good 
department before World War II devoted to the 
technical development of photography and 
some of its scientific applications, as well as an 
excellent range of cameras. The Museum was 
damaged during the war and the collection is 
still (1956) in storage. 

The Staatliche Landesbildstelle, Hamburg, 
owns an important collection of daguerreotypes 
by Hermann Biow, Carl Ferdinand Stelzner 
and others, which were formerly in the city’s 
art museum. 

The Staatliche Lichtbildstelle, Marburg, is a 
centre for photographs of German architecture 
and sculpture, analogous to the National 
Buildings Record, London. 

The historical collection of Dr. Erich Stenger 
was acquired in 1955 by Agfa and will form the 
basis of a photographic museum at Leverkusen. 
Apart from photographs and apparatus, the 
collection contains an excellent library of 
books and journals. 

Holland: It is the intention of the Print 
Department of the University of Leiden to 

755 



MUS 


build up a collection of photographs. They 
already have a number of daguerreotypes. 

Italy: The Department of Antiquities and 
Fine Arts of the Town Council of Rome, and 
the Historical Museum of the Risorgimento in 
Rome, have photographic archives. 

Sweden: The Technical Museum, Stockholm, 
has a collection of equipment and examples of 
processes. H. & A.G. 

U.S. Collections. There are but two museums 
in the United States solely devoted to photo- 
graphy; the American Museum of Photography 
in Philadelphia, and the George Eastman 
House in Rochester, New York. The former is 
rich in the work of Philadelphia pioneers, 
particularly the brothers Frederick and Wilhelm 
Langenheim. In addition to a large collection 
of photographs, the museum owns many 
examples of apparatus. 

The George Eastman House in Rochester, 
N.Y., occupies the palatial mansion built by 
George Eastman in 1905. To the existing build- 
ing, a theatre seating 550 was added in 1950 
for the presentation of moving pictures. The 
Eastman House contains an extensive collec- 
tion documenting the entire history of photo- 
graphy from Daguerre to the present day. 
More than a thousand cameras, including 
examples of the earliest type, make up the 
technical division of the collection; the photo- 
graphic collection (incorporating the collec- 
tions of Gabriel Crower and Alden Scott 
Boyer) contains outstanding examples of the 
work of daguerreotypists, calotypists, and later 
photographers. In co-operation with the 
Museum of Modem Art, the George Eastman 
House possesses the largest collection of mov- 
ing pictures in the Unites States. 

The photographic division of the Smith- 
sonian Institution, Washington, D.C., contains 
perhaps the largest collection of early American 
equipment, including cameras used by the 
pioneers Samuel F. B. Morse and John W. 
Draper, early motion picture equipment, and 
apparatus illustrating the development of sound 
recording. 

Two important collections of photographs 
are to be found in Washington in the Library 
of Congress and the National Archives. Both 
of these institutions possess negatives of the 


famous Civil War photographs collected by 
Mathew B. Brady. To the Library of Congress 
there have come, year after year, photographs 
and early cine films entered for copyright, and 
as a result the collection is perhaps the richest 
in the United States. The National Archives 
own negatives and prints taken for govern- 
ment projects, including the remarkable early 
photographs of the U.S. West, taken shortly 
after the Civil War. 

A few art museums have collected examples 
of artistic photography, notably the Museum 
of Modem Art and the Metropolitan Museum 
of Art, both in New York. Other museums are 
following the trend established by these New 
York institutions, and collections are to be 
found at the Chicago Art Institute, the San 
Francisco Art Museum, the Museum of Fine 
Arts in Boston, and other leading museums. 

The important Epstean Collection of books 
and periodicals relating to the history and 
science of photography and photomechanical 
printing is at Columbia University, New York. 

The Ford Museum in Dearborn has a 
collection of photographs by Jackson, the 
explorer of the West of the U.S. 

Historical societies often possess photo- 
graphs by the thousand. Of the many pre- 
dominant in the field, three can be mentioned 
in particular: the New York Historical Society, 
New York; the American Antiquarian Society, 
Worcester, Mass.; the Minnesota Historical 
Society, St. Paul, Minn. 

One of the fields which seems to have 
attracted most individual collectors in America 
is that of stereoscopic photography. A review 
of American collections (by L. Dexter) in 
Eye to Eye, the journal of the Graphic History 
Society of America, revealed no fewer than 
twenty-one collections of sufficient importance 
to be described. 

Two collectors have specialized in daguerreo- 
types: Mrs. Zelda P. Mackay of San Francisco, 
and Ray Phillips of Los Angeles. 

An interesting collection of early cinema- 
tographic apparatus has been formed by Mr. D. 
Malcames in Tuckahoe, N.Y. 

There is a growing interest in the history of 
photography, and other collections will no 
doubt be formed in course of time. B.N. 


MUSGER, AUGUST, 1869-1929. Austrian 
priest and professor of drawing and mathe- 
matics. Described in 1905 optical compensation 
(using a mirror polygon) for cinematography 
which led in 1914 to the manufacture of the 
Ememann Zeitlupe (which was a high speed 
cine camera). 

MUYBRIDGE, EADWEARD JAMES, 1830- 
1904. English photographer. Worked mainly 
on the West Coast of the U.S.A., and in 
Philadelphia. Produced the first serial photo- 
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graphs of humans and animals in motion by 
successive exposures (with 1 2 to 36 cameras) at 
regular intervals. Synthesized motion from 
these serial photographs in his Zoogyroscope 
(1879) and later in his Zoopraxiscope. His 
work (1877-93) greatly stimulated other in- 
vestigators in medical photography, chrono- 
photography, analysis and synthesis of motion, 
and in early cinematography. Retired in 1900 
to his native town of Kingston-on-Thames; 
it is there that a collection devoted to his work 
is housed in the Public Library. 
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NADAR. Name adopted by the early French 
photographer, G. F. Toumachon, who was the 
first to take photographs from a balloon. 

NAMIAS, RODOLFO, 1867-1938. Italian 
chemist. Made many valuable contributions to 
photography, especially in the field of colour 
work (mordanting dye pictures). Evolved the 
permanganate reducer. Also established the 
photographic periodical, II Progresso Foto- 
grafico. 

NATIONAL BUILDINGS RECORD. In- 
dependent organization which receives a grant 
through the Ministry of Works. It was set up 
in 1941 when historic buildings throughout the 
country were being destroyed or damaged by 
enemy action. 

It maintains a very large library of photo- 
graphs of the historic architecture of England 
and Wales, which is arranged topographically 
in order of counties in such a way that any 
building, if it is represented in the collections, 
can be looked up at once. 

There is also a considerable collection of 
measured drawings and specialized indexes of 
various kinds. The library is open to members 
of the public for reference purposes at all 
normal hours. 

The Record deals with all types of buildings, 
domestic, ecclesiastical, and civic, dating from 
the earliest times to about the middle of the 
nineteenth century, after which its files are more 
selective. The collections are concerned not 
only with general views but also with details of 
interior decoration, fittings, and sculpture, the 
ecclesiastical sections being particularly rich in 
this respect. 

The photographic library now contains 
nearly half a million prints but there are still 
many gaps to be filled. There is a small staff 
of permanent photographers who are at present 
engaged on specific programmes with a view to 
covering eventually the whole of England and 
Wales. Speaking generally, the important 


traditional architecture of the greatcities and of 
most of the smaller towns has been covered, but 
there are very many historic buildings of less 
importance in rural areas which are not yet 
represented. 

One of the chief current duties of the Record 
is to ensure that adequate photographs and 
measured drawings are made — if they do not 
already exist — of all buildings of any merit 
that are likely to be demolished. This applies 
especially to the country houses which have 
been disappearing ever since the end of the war. 
Photographs of many important buildings 
demolished during the earlier years of this 
century are still required. 

Photographs of a purely picturesque nature 
are not wanted. The Record is primarily inter- 
ested in obtaining photographs which give a 
good and complete account of a structure both 
inside and out, with special reference to any 
significant architectural detail. It is also inter- 
ested in photographs showing groups of old 
buildings in their natural setting, particularly 
in villages where development may ultimately 
affect their appearance. 

The collection of negatives numbers over a 
quarter of a million, a great many of which 
have been given or bequeathed by interested 
persons. Specialized collections are purchased 
from time to time as funds permit. Prints are 
supplied to the public for a reasonably small 
charge. In those cases where negatives are 
deposited on indefinite loan the copyright of 
the lender is strictly observed. The Record is 
a non-profit making institution whose collec- 
tions and facilities are freely available to all 
those who wish to make use of them. C.F. 

See also: Print libraries. 

NATIONAL PHYSICAL LABORATORY. 
British establishment founded in 1900 for the 
purpose of “standardizing and verifying instru- 
ments, for testing materials and for the deter- 
mination of physical constants”. The National 
Physical Laboratory, which is now part of the 
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Department of Scientific and Industrial 
Research, covers 70 acres and employs more 
than 1,000 people. It is divided into nine 
divisions: Aerodynamics, Control Mechanisms 
and Electronics, Electricity, Light, Mathe- 
matics, Metallurgy, Metrology, Physics and 
Ship. In addition to its original objectives 
N.P.L. now carries out a considerable pro- 
gramme of fundamental research work and 
undertakes investigations of special problems. 

The Central Photographic Section which is 
responsible for most of the photography in the 
laboratory, including cinematography, gives 
advice on photography within the laboratory 
and to other government departments, industry, 
etc, and it is also part of the responsibilities of 
the section to provide a photostat service, as 
well as to produce engineering drawings and 
microfilm records. The section contains a lofty 
studio, 20 x 35 feet, with a gallery. Lighting, 
all of which is controlled from a mobile 
switching trolley, totals 60 kW and includes 
high-speed flash equipment. The studio is 
fitted with 10 feet wide roller backgrounds in 
different colours, as well as hanging curtains. 

A variety of still cameras is available, from 
an industrial model extendible to 40 ins, to 
normal 35 mm. equipment. Both 35 mm. and 
16 mm. cine cameras are used, as well as 
special high-speed cameras operating up to 
8,000 frames per second. 

Testing and research facilities in other 
divisions of the laboratory assist the photo- 
graphic industry. To quote but three examples: 
methods of testing shutters and lenses have 
been developed and are used for routine tests ; 
an ultra-fine grain emulsion capable of re- 
solving more than 5,000 lines per millimetre 
has been produced; and the N.P.L. digital 
computer, A.C.E, has been programmed to 
perform ray tracing for lens designers. A. J.G. 

NATURE PHOTOGRAPHY. Since the 
earliest days of photography the camera has 
been used extensively for making both pictorial 
and scientific records of nature subjects. To-day 
the camera is used to supplement the naturalist’s 
notebook, to photograph plants, animals and 
insects not easily observed because they are 
too small, or appear only after dark, or because 
they are normally inaccessible to the student; 
while the camera has brought back pictures 
of the marine life and vegetation under the sea. 

S«e also: Animals; Big game; Biology; Birds; Botany; 
Fish; Flowers: Insects; Pets; Reptiles ; Trees; Zoo. 

Book: Nature and Camera , by O. G. Pike (London). 

NAVAL PHOTOGRAPHY. Photography in 
the Fleet Air Arm is limited to use of standard 
cameras as employed in the R.A.F. In training, 
for the calibration of weapons, and particu- 
larly in research, many special cameras are 
used both by the Royal Navy and by the Royal 
Naval Scientific Service. 


Operational and Training Cameras. The cameras 
for training purposes include many standard 
commercial and R.A.F. cameras; they are 
used principally for the recording of data or for 
accurate measurement of results of various 
operations. Cameras used at sea have to with- 
stand exposure to bad weather, salt spray and 
continuous salt air and must necessarily be 
very robust and reliable. Simplicity coupled 
with very extensive weather-proofing are there- 
fore the main criteria governing the design. 
Also the cameras have often to be used in 
restricted space and under very noisy condi- 
tions by relatively unskilled personnel, and the 
photographs must be taken at precise times 
when many other events are occurring. Because 
of this they are very strongly constructed and 
all operating levers, etc, are of generous pro- 
portions. 

Dial Camera. The dial camera is used for 
purely recording purposes. This camera takes 
daylight loading roll film ins. wide, sufficient 
for some forty exposures on a 2f ins. square 
format. The lens works at /4-5 and has an 
accurate focusing scale from infinity to 18 ins. 
A very large brilliant viewfinder with parallax 
adjustment, which can be swung for viewing 
from above or from one side, is fitted. The 
camera can be fired by hand or by a built-in 
solenoid. The shutter is of the pre-set type, 
the pre-setting being done by the film wind 
mechanism which is actuated by a cord 
wound on a drum. This camera is often arranged 
to take photographs of the various dials, 
clocks and computing mechanisms in ships at 
the instant of gunfire or the launching of other 
projectiles. 

Ballistic Recording Cameras. Much of the other 
purely naval photography consists in record- 
ing the falling of projectiles in the sea or the 
position of bursts of anti-aircraft fire in rela- 
tion to targets. For these purposes the cameras 
are purely instantaneous recording measuring 
instruments, the lenses being calibrated for 
focal length and the resulting photographs 
measured and used for plotting purposes. A 
watch is also photographed at the instant of 
exposure to give the necessary time base for 
subsequent plotting. 

One camera of this type is known as the 
Low Angle Marking Camera. The film used 
is 70 mm. wide and the picture size is 2i 
x 6 ins. The shutter is of the louvre type, 
situated immediately behind the lens. A prism 
is fitted over half the lens, having a constant 
deviation of 80° so that each exposure actually 
takes two fields of view, one of the firing 
ship and the other of the fall of the pro- 
jectiles. The camera is fitted with a sighting 
arrangement so that it can be kept aligned on 
the firing ship; a side mirror in the sight 
enables the operator to see the fall of shot so 
that he can make his exposure at the correct 
time. The film is transported and the shutter 
set by actuating a lever. Since this camera is 
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generally used on the deck of a small ship it is 
fitted to the tripod so that it can swing freely 
and is partly stabilized by a heavy pendulum 
so that it remains upright while the ship rolls. 

For recording high-angle gun fire against 
aircraft, slightly modified cine cameras are 
normally used by the Navy. One camera which 
is particularly favoured is eminently suitable 
for general use at sea because of the ease with 
which it can be adapted for many purposes and 
fitted with lenses, watches, counters, single 
shot devices, etc. The magazines are easily 
loaded and are fitted directly to the camera; 
there is no need to thread the film In the gate. 
Photo-Theodolite. Photo-theodolites of a special 
type are used for calibrating various weapons. 
These are normally film cameras using film 
5b ins. wide with a fixed lens of 5 ins. focal 
length at /4. During exposure the film is 
pressed against a register glass which is ruled 
in accurate squares and the lens is carefully 
calibrated for distortion. The pattern of 
squares is thus transferred to the film at the 
instant of exposure and the position of any 
missile or splash can be measured in relation 
to the grid with considerable accuracy. 

Two such photo-theodolites are used syn- 
chronously to mark the exact position of the 
missile in space. The cameras are mounted on 
levelling screws and are aligned accurately in 
fixed directions so that by simple trigonometry 
or graphical plotting the exact position of the 
missile can be calculated. The cameras are 
electrically fired in synchronism from a central 
observation point and the film is wound on and 
the shutter re-set by an electric motor. The 
camera is capable of recording at the rate of two 
pictures per second but, where more rapid 
repetition rates are required, as many as six 
such cameras may be rigidly mounted together 
in one framework, all actuated by a single main 
driving shaft with cams to fire each shutter in 
sequence. 

Torpedo Camera. Another important camera is 
used to photograph the flight in air of torpe- 
does dropped from aircraft to determine the 
trajectory. In this camera, which uses plates 
24 ins. long by 8 ins. wide, or in another 
version film 12 ins. wide and 36 ins. long, 
the exposures are made by means of a louvre 
shutter which is actuated by the movement of 
the sighting telescope. A moving mask in the 
focal plane covers the whole plate except for 
a narrow strip. This mask is connected to the 
sighting telescope in such a way that when the 
torpedo is centred in the telescope, the image 
in the camera coincides with the opening of the 
slit. The shutter opens each time the slit moves 
its own width. In this way a composite photo- 
graph is made showing the torpedo in successive 
instants during its flight and from this it is 
possible to analyse the trajectory. 

Underwater Cameras. Underwater photography 
naturally plays a large part in Naval research 
and for this purpose several still and cine 


cameras in specially designed watertight cases 
are used with various types of lighting and 
flash gear. These cameras are used by free 
divers or frogmen. Cameras are also fitted in the 
hulls of ships to photograph underwater 
phenomena and some of these are of very 
special design although the actual film winding 
arrangements may be of normal types. It fre- 
quently happens that such cameras are driven 
synchronously with some machinery and ex- 
posed by means of stroboscopic electronic 
flash equipment. In all such underwater 
cameras the lenses are of special design for 
underwater use and are frequently of peri- 
scopic or telescopic types having relatively 
short focal lengths with a very long extension. 
Cine Cameras. The need to record the images 
on television and radar cathode ray tubes has 
resulted in the development of special cine 
cameras having a long exposure with a very fast 
film change mechanism. In such cameras, the 
film may be exposed for 1 second and then 
moved into position for the next exposure in 
1/100 second. 

General Research. Research work for the Navy 
is carried out by the R.N.S.S. who maintain 
establishments dealing with all the multitu- 
dinous aspects of Naval work. Photography 
plays a very large part in much of the research 
work for which many special cameras have 
been devised. The cameras, however, although 
having novel features are normally of fairly 
well-known types. In particular image stabil- 
ized high-speed cameras of the drum type are 
largely used, some of them having repetition 
rates up to 50,000 pictures per second, each 
picture being 1 in. square. J.H.-D. 

Sec also: Air Force photography. 

NEGATIVE. In photography, an image on a 
film, plate or paper in which light or transparent 
areas represent the dark tones of the original 
subject and dark or opaque areas represent the 
light tones of the original. 

The term negative is also used in electricity 
to define a contact which has a lower potential 
of electromotive force than an associated 
contact (the positive). 

NEGATIVE CARD. Name for a form of 
negative material consisting of a negative 
emulsion coated on to a stiff card support. 
Positive prints are made by projecting the 
negative in a type of episcope, or by treating 
the card support with oil to make it translu- 
cent. 

See also: Supports for emulsions; Whlle-you-wait 

photography. 

NEGATIVE CARRIER. Frame in which the 
negative is supported for projection in an 
enlarger. An open frame (glassless earner) is 
used for plates and miniature negatives, but the 
larger roll and cut films have to be sandwiched 
between glass plates. 
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NEGATIVE 

Photographic negative materials essentially 
consist of a sensitive emulsion — which is 
nearly always silver bromide in gelatin — with 
or without other additions, e.g., silver iodide 
to increase speed and colour sensitivity. This 
emulsion is coated on a suitable film, glass, or 
(more rarely) paper, support. 

There is a wide range of negative materials 
available to the photographer. One negative 
material may differ from another in any of 
the following respects : 

(1) Speed. 

(2) Colour sensitivity. 

(3) Gradation. 

(4) Graininess. 

(5) Resolving power. 

(6) Development characteristics. 

(7) Physical characteristics of the emulsion 

(8) Nature of the support. 



FILM SPEED SYSTEMS. In the logarithmic systems (B.S. Log. 
Index, Scheiner, DIN) every increase of 3 degrees doubles the 
emulsion speed, or halves the exposure required to obtain a 
given developable density. In the arithmetic systems (A_SA 
and BJ. Arith. Index, Weston ) the emulsion speed is directly 
proportional to the speed index itself. The arithmetical and 
logarithmic B.S. and A.S.A. systems are fully convertible, as 
they an based on the same speed measurement. Conversion 
of other systems is only approximate, as they depend on 
different speed criteria and properties of the emulsion. 
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MATERIALS 

These properties determine the usefulness of 
a material for any particular purpose. 

Speed. The extent to which an emulsion is 
light sensitive is usually referred to as its 
speed. This can be actually measured and ex- 
pressed numerically in a number of different 
ways. 

Originally the speed figures were derived 
from the minimum exposure needed to produce 
a certain degree of blackening on the film or 
plate af ter development. At one stage, compara- 
tive speeds were also arrived at by making a 
series of exposures of typical subjects, and 
examining the prints from the negatives to find 
the minimum exposure which will give accept- 
able prints. 

Most current speed criteria are based on the 
exposure at which the characteristic curve 
reaches a certain minimum gradient. 

Speed Systems. There are two practical types 
of speed system: arithmetical and logarithmic. 

Arithmetical systems express the speed in 
cardinal numbers which are directly propor- 
tional to the sensitivity of the material and 
inversely proportional to the exposure needed 
for any subject. A film, for instance, with an 
arithmetical speed of 200 is twice as fast as one 
with a speed of 100 (measured in the same 
system). The slower film, therefore, needs twice 
as much exposure as the faster to give the same 
result. Typical arithmetical speed systems are 
H. & D., Weston, G.E., B.S. and A.S.A. 
arithmetical exposure index. 

Logarithmic systems express the speed in 
degree numbers which are logarithmic func- 
tions of the actual speed. In most of these 
systems every increase of approximately 3° 
doubles the sensitivity; every decrease of 3° 
halves it. For instance, a material with a speed 
of 26° needs twice the exposure for the same 
subject as a material with a speed of 29°, 
measured on the same scale. 

Arithmetical systems result in large cumber- 
some speed figures, whereas logarithmic sys- 
tems give the same values in a much more 
convenient form. A range of 1 to 10,000 in 
arithmetical speed numbers corresponds to 
only 0 to 40 in logarithmic degrees. 

Typical logarithmic speed systems are 
Scheiner, DIN, B.S. and A.S.A. logarithmic 
exposure index. 

Materials of 26-32° B.S. Log. Index are 
mostly used for general photography. The 
fastest types (which may have speeds up to 37° 
or 38°)are specially suitable for photography by 
artificial light or under poor lighting conditions. 

Films and plates of 21-26° B.S. Log. Index 
are used in commercial and technical photo- 
graphy, where, for much of the work, a fast 
material is not essential, but where the charac- 
teristic advantages of the slower types — e.g., 
fine grain and high contrast — are more im- 
portant for many of the subjects tackled. 
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Even slower materials are used for copying 
and reproduction and for photomechanical 
work where the high contrast required neces- 
sarily goes with low sensitivity. This is more of 
an advantage than a drawback, because it 
allows the material to be handled by a reason- 
ably bright safelight during loading into the 
camera and processing. 

The slowest plates of all (around B.S. Log. 
Index 1°) are manufactured for making lantern 
slides and as such are not negative materials. 
Speed Variations. The effective speed of a 
material also depends to some extent on how 
the exposure is given — i.e., by a bright light 
acting for a short time, or a weak light acting 
for a longtime. 

According to the classical reciprocity law 
(formulated in 1876), the exposure required to 
produce a given density or range of densities on 
development should depend only on the product 
of the intensity of light multiplied by the expo- 
sure time. The law does, in fact, hold for normal 
light intensities and exposures of the order of 
1 second. But with very intense lighting and 
short exposure times (less than 1 /1000 second) 
— e.g., in electronic flash photography and 
also in high speed spark photography — the 
effective speed of the material may be lower 
because of reciprocity failure. 

This loss of speed (often accompanied by 
reduced contrast) is not related to the normal 
emulsion speed; it is more marked with some 
makes of material than others. Some materials 
are therefore more suitable for photography 
under such conditions than others of the same 
nominal speed. 

A similar phenomenon may occur at very 
low levels of light intensity — e.g., in astrono- 
mical photography for which special plates 
are made. 

The effective emulsion speed of films and 
plates also depends on the conditions of de- 
velopment. 

Colour Sensitivity. A straightforward silver 
halide emulsion is sensitive over the approxi- 
mate wavelength range 2,000A.-5,000A. — i.e., 
to the ultra-violet and, in the visible region, to 
violet, blue and (slightly) to blue-green. It is 
insensitive to longer wavelengths — i.e., to 
yellow, orange, red and infra-red. 

The limit of sensitivity at the short-wave- 
length end in the ultra-violet is fixed by the 
ultra-violet absorption of gelatin, but can be 
extended in certain ways (see below). The limit 
of sensitivity at the long-wavelength end 
depends on the properties of the silver halides 
themselves, but can be extended by means of 
sensitizing dyes. Different dyes extend the 
limit by different amounts, and the various 
types of colour-sensitive emulsions thus pro- 
duced are described in the following sections. 

This extension of sensitivity by means of 
dyes does not, in general, affect the ultra-violet 
sensitivity of the emulsion, or alter its limit. 
Also, all colour-sensitive emulsions remain more 
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COLOUR SENSITIVITY. Top: Sensitivity of different types of 
emulsion over the visible spectrum, compared with the sensi- 
tivity of the eye ( dotted curve). Bottom: Relative brightness 
of spectrum colours as the eye or the different emulsions would 
“see" them. In both cases, the curves and tones indicate : I. 
Spectrum of uniform energy throughout (on which the other 
tone scales are based). 2. Sensitivity of the eye. 3. Orjinary 
blue-sensitive emulsion. 4. Slow orthochromatic emulsion. 
5. Fast ortho material. 6. Normal panchromatic emulsion. 
7. High speed pan emulsion with increased red sensitivity. 

sensitive to blue-violet than to any other colour. 

Non-colour-sensitive materials coated with 
unsensitized emulsions (sometimes known as 
"ordinary”) are usually fairly slow, and can 
be handled by the light of an orange, olive- 
green or brown safelight. They are mainly used 
for copying from black-and-white line or half- 
tone originals, and for photomechanical work 
and document photography. They are also 
used in certain branches of scientific recording 
where certain characteristics obtainable only 
with such emulsions (e.g., high resolving power) 
are important. 

Slightly Orthochromatic Emulsions. These 
emulsions are sensitive to ultra-violet, violet, 
blue, blue-green, and green light. They can 
be handled and processed in red light. Their 
excessive blue sensitivity can, where neces- 
sary, be reduced by a yellow filter, but this 
greatly decreases the speed, often by 6-9°. 

The artificial light speed of slightly ortho- 
chromatic materials is much lower than their 
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daylight speed, because artificial light contains 
a smaller proportion of blue light than day- 
light. 

Slightly orthochromatic materials are used 
for copying and photomechanical work, and 
also to a limited extent in general and com- 
mercial photography. 

Highly Orthochromatic Emulsions. These emul- 
sions are sensitive to ultra-violet, violet, blue- 
green, and yellow light, but not orange and 
red. Materials coated with these emulsions 
must be developed by a deep red safelight or in 
total darkness. 

These emulsions range in speed up to 34° 
B.S. Log. Index. They are used in general, com- 
mercial and technical photography. They are 
also used in those branches of spectrography 
where the red sensitivity of panchromatic 
materials is not required. 

The excessive blue sensitivity of orthochro- 
matic materials can be lessened by yellow 
filters which, however, reduce the effective 
speed by 2-5° (filter factor l£-3x). A yellow 
filter shifts the zone of highest sensitivity from 
the blue region of the spectrum into the region 
where the human eye is most sensitive. This 
shift is taken advantage of in photomicro- 
graphy where the image must be perfectly 
sharp. Using a yellow filter with a highly ortho- 
chromatic plate ensures that the rays by which 
the visible image is focused will also be the 
rays which form the photographic image. 

If it is necessary in photomicrography to use 
a panchromatic emulsion to reproduce colours 
at the red end of the spectrum, the microscope 
must be fitted with an expensive objective with 
a very high degree of colour correction (apo- 
chromatic objectives). 

Certain fast orthochromatic films are 
especially made for fluorography — i.e., the 
photography of X-ray images and cathode ray 
traces on fluorescent screens. 

The speed of highly orthochromatic emul- 
sions to artificial light is usually about half 
their speed to daylight. 

Panchromatic Materials. These emulsions are 
sensitive to ultra-violet and all wavelengths of 
the visible spectrum. Their sensitivity is 
usually lowest to blue-green, and they may 
therefore be developed by the light of a deep 
green safelight. But even this safelight must be 
used for very brief periods of inspection only; 
it is safer to handle and process panchromatic 
films and plates in total darkness. 

There are two general types of panchromatic 
emulsion: red-panchromatic materials, which 
have a relatively high red sensitivity, and correct 
panchromatic — also known as ortho-pan- 
chromatic — materials, which have a more even 
response to all colours of the visible spectrum. 

Panchromatic plates and films range in speed 
from very slow — for process work, copying 
coloured originals, spectrography, and photo- 
micrography of stained specimens, etc. — to the 
very fast materials of about 33-37° B.S. Log. 


Index which are used in general photography. 
The highly red-sensitive emulsions are usually 
very fast, especially to tungsten filament light, 
which is richer in red radiation than daylight. 

While panchromatic materials are sensitive 
to light over the whole visible spectrum, their 
relative sensitivity to individual colours is not 
the same as that of the human eye. The human 
eye is more sensitive to yellow light than to 
blue and red, whereas panchromatic films and 
plates are more sensitive to violet and blue 
light, and (in the case of red-panchromatic 
materials) to orange and red, than to yellow. 

Filters may be used to correct the over- 
sensitivity of an emulsion to any particular 
colour, and also to alter the colour response to 
give contrast between areas that differ in 
colour, but which appear equally bright to the 
eye. The loss of speed of panchromatic materials 
when used with filters varies with the type of 
filter. 

The speed of correct panchromatic films and 
plates to electric light — i.e., to the light of 
tungsten filament lamps — is usually 1-2° 
lower, and of red-panchromatic materials 1° 
lower, than the daylight speed. This speed is 
known as the tungsten speed as opposed to the 
daylight speed. 

Infra-red-sensitive Emulsions. These emulsions 
are made by treating the ordinary emulsion 
with special dyes. This type of emulsion is 
sensitive to violet, blue, and blue-green light, 
usually insensitive to green and yellow, and 
sensitive to red and invisible infra-red rays. 
Infra-red-sensitive emulsions can generally be 
developed by the light of a special green safe- 
light. 

Although the emulsion obtained in this way 
is sensitive to infra-red rays, it is still much 
more sensitive to blue. When these special 
emulsions are used for taking photographs by 
infra-red light, therefore, the unwanted blue 
rays must be held back by a filter. Suitable 
filters are made of deep red or black glass 
which transmits only red and infra-red radia- 
tion. Infra-red-sensitive plates and films are, 
therefore, comparatively slow (24° B.S. Log. 
Index and lower) when they are used for 
photographing by infra-red radiation alone. 

Infra-red-sensitive materials are used exten- 
sively in aerial photography and photogram- 
metry. Infra-red radiation is not appreciably 
scattered by mist and haze. So it is possible to 
get clear pictures of distant landscapes on infra- 
red materials when ordinary photographic 
emulsions would be useless. Infra-red films and 
plates are also used in technical, industrial, and 
legal photography, astronomical photography, 
and spectrography. 

The range of wavelengths to which an infra- 
red emulsion is sensitive depends upon the 
sensitizing dyes employed. Infra-red materials 
for normal use are sensitized to wavelengths 
up to 8,800 A. (The sensitivity of panchro- 
matic materials ends at about 6,600 A.) 
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Scientific materials may be sensitized to wave- 
lengths up to 10,000 A., while special sensitiza- 
tion has produced emulsions sensitive to wave- 
lengths up to 12,000 A. for astronomical 
photography and infra-red spectrography. 
Such materials do not keep well. 

Short Ultra-violet-sensitive Emulsions. These 
emulsions are used in scientific work, mainly 
ultra-violet spectrography. 

All ordinary emulsions are sensitive to ultra- 
violet wavelengths down to about 2,000 A. 
But at short wavelengths the gelatin begins to 
absorb the radiations, and below about 2,300 A. 
this absorption seriously decreases the effective 
sensitivity. It also means that at short wave- 
lengths the image is confined to the surface of 
the emulsion layer, and is therefore of low 
contrast. The resulting variation of contrast 
with wavelength is a disadvantage in spectro- 
graphy. Hence for this work so-called “uni- 
form-gamma” emulsions are sometimes used, 
in which the relatively excessive penetration 
of the emulsion by the longer ultra-violet wave- 
lengths is prevented by the addition of suitable 
substances to the emulsion. 

Sensitive materials to record the very short 
wavelengths in the region in which gelatin 
absorbs can be prepared in three ways. By 
making emulsions which contain little or no 
gelatin (Schumann plates). By making the 
silver halide grains project above the surface 
of the gelatin layer, thus reducing absorption 
by the gelatin to a minimum. Such emulsions 
are very easily damaged. By sensitizing or 
coating the film or plate with fluorescent 
materials which glow with visible light under 
the action of ultra-violet rays. The fluorescent 
material may have to be removed before pro- 
cessing. 

Gradation and Contrast. Negative materials 
m ay differ from each other in respect of con- 
trast and gradation. These two terms are com- 
monly used synonymously and, though always 
associated in one way in practice, are quite 
distinct in theory. Contrast is the slope of the 
characteristic curve — that is, the rate at which 
density changes with exposure (or, properly, 
its logarithm). With a material of high contrast 
a small increase in exposure will produce a 
large increase in density and vice versa. In 
addition to this, however, the total exposure 
range covered by the useful portion of the 
characteristic curve is also a practically im- 
portant property of any material. It determines 
the total brightness scale — that is, tone range 
or subject contrast — which the material can 
faithfully reproduce. Strictly, the term grada- 
tion should refer to this property. 

With actual materials, high contrast is 
always associated with a small useful exposure 
range or a short scale of gradation; low con- 
trast with a long scale of gradation. Moreover, 
both properties are associated with emulsion 
speed : slow emulsions tend to yield high con- 
trast (hard emulsions) and to have a short 


exposure range: fast emulsions tend to yield 
low contrast (being soft-working) and a long 
exposure range. 

These associations depend upon the funda- 
mental properties of the silver halide crystals 
(large crystals being more light sensitive than 
small ones), upon the processes used in emul- 
sion manufacture, and upon the properties 
necessary if emulsions are to be useful in 
practice. 

Slow, very contrasty materials are used in 
photomechanical reproduction and for copying 
line originals where the only tones present are 
black and white. Similar, though less extremely 
slow and contrasty, materials are used for 
rendering the low-contrast subjects frequently 
found in astronomy, photomicrography, etc. 
Fairly high contrast is also needed in copying 
continuous tone originals, in aerial photo- 
graphy, and in many technical and scientific 
applications. 

The sensitive materials employed in every- 
day general and commercial photography are 
mostly of medium contrast. 

Low contrast is an undesirable characteristic 
in any sensitive material. It is never welcome 
for its own sake, but where extreme speed is 
important, some lowering of contrast must be 
accepted. 

Gradation and Exposure Latitude. The emul- 
sions of most medium-speed to fast materials 
can reproduce a tone range, or subject bright- 
ness scale, much greater than that of most 
normal subjects. The exposure times given in 
the camera may therefore in many cases be 
increased by several hundred per cent above 
the minimum without the exposure given to 
any part of the image exceeding that which the 
emulsion can reproduce. This is the exposure 
latitude. 

The permissible latitude therefore depends 
upon the tone range of the subject and upon the 



GRADATION AND EXPOSURE LATITUDE. Top: Soft-erada'ion 
emulsion (long tone scale ) can accommodate subject with 
great latitude. Bottom: Contrasty (short tone scale) material 
has little or no latitude and needs exact exposure. 
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RESOLVING POWER AND THE EMULSION. Left: Resolving 
ftower depends appreciably on the grain size of the negative 
material. With coarse-grained emulsions the image grain may 
hide the finest detail. Centre: In a thick emulsion the Image 
may spread owing to irradiation and in extreme cases may 
obliterate the smallest image detail altogether. A thin emulsion 
layer thus increases resolving power. Right: In the same way 
surf ace development which confines the image to the surf ace of 
the emulsion layer, improves effective resolution as if the 
emulsion itself were thinly coated. 

gradation (useful exposure range) of the emul- 
sion. The more contrasty the subject, and/or 
the less the useful exposure range of the 
emulsion, the less the latitude. For the same 
reason, and quite apart from the emulsion 
speed demanded, it is essential to use fast 
materials — that is, those which have associated 
with their speed a long useful exposure range — 
when the subject contrast is high. 

The exposure range, and therefore the lati- 
tude, of comparatively contrasty materials can 
be increased by double coating with two emul- 
sions — a fast and a slow layer. 

Contrast Variation. Although the contrast of 
the developed image depends primarily on the 
emulsion, it can be influenced by other factors. 

The most important of these is the developer 
and development time used. Some developer 
formulae inherently give higher contrast than 
others; and with any developer, increasing 
the development time increases the contrast up 
to a certain maximum. 

Contrast also varies with the colour of the 
light. With panchromatic materials, sensitive 
to all colours, it is generally lower for blue 
than for red or reddish light. Hence a negative 
made through a blue filter has, other things 
being equal, a lower contrast than one made 
through a red filter. 

This has to be taken into account when 
making colour separation negatives in colour 
photography. In practice the difference may be 
adjusted by giving the blue-filtered negatives 
longer development than the others. But there 
are also special materials which allow all three 
separation negatives to be developed for the 
same length of time to give images of equal 
contrast. 

The contrast range of an emulsion may also 
change when the intensity of the exposing 
light is very high or very low (e.g., when pic- 
tures are taken by high speed electronic flash). 


Gralnlnesa. The developed photographic image 
is not continuous; it consists of small particles 
of opaque, black silver, embedded in the 
gelatin layer. These particles become visible 
when the negative is greatly magnified. The 
tones no longer appear smooth and homo- 
geneous, they look broken up and grainy. 
This graininess may show up unpleasantly in 
enlarged prints. 

How far a negative may be enlarged before 
the grain becomes objectionable depends first 
of all on the siae of the original silver halide 
crystals in the emulsion. The original size of 
the grains varies from one type and make of 
sensitive material to another, so the graininess 
of the image depends on the choice of sensitive 
material, among other things. A number of 
secondary factors also affect the grain size — 
e.g., the developer used, negative exposure and 
contrast, printing illumination and print surface. 
Graininess and Speed. There is no regular 
connexion between the size of the silver halide 
crystal and the amount of light that it takes to 
make it developable. A large crystal generally 
needs no more light than a small one. So the 
larger the crystals, the more image silver is 
produced by the same amount of exposure; 
i.e., in effect the larger crystals tend to be more 
sensitive than the small ones. It follows that the 
coarse grained emulsions tend to be fast, and 
the fine grained materials slow. 

The emulsions Used in normal photography 
vary from medium to fairly fine grain. The 
choice of material is often a compromise be- 
tween a number of factors, among which 
speed and grain figure largely. Miniature 
camera photography in particular calls for the 
finer grain types of film, because the nega- 
tives have to be enlarged on a proportionately 
bigger scale. 

Special fine grain negative materials are 
manufactured for photomicrography, micro- 



FILM CHARACTERISTICS. Top row: Speed. Second row: 
Contrast; tends to decrease with faster films. Third row: 
Grain; tends to increase with speed. Bottom row: Resolving 
power; is generally higher with slower emulsions. 
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TYPES OF NEGATIVE MATERIAL 


Type 

Speed * 
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Develop- Uses and Notes 
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Panchromatic Emulsion s 







Ultre- 
speed 
High speed 

37-38 

36-37 

P. S. M 

m. 

n. 

11-111 

Press, poor light, artificial tight 

30-32 

28-30 

P, S, R, M 

m. or s. 

n. 

IV 

Press, poor light, artificial light, general 
photography 


High speed 

30-32 

— 

P, Perfo- 

h. 

n. or 

III 

Highly red-sensitive. Specially designed 

aerial 



rated roll 


mf. 


for aerial photography. Sometimes made 
on special non-shrink supports 

Fluoro- 

— 

20-31 

M. Perfo- 

m. 

mf. 

II 

Specially designed for mass miniature 

graphic 



rated roll 




radiography and fluorography with 
yellow-green screens 

Medium 

28-29 

26-27 

P, S, R, M 

m. 

n. or mf. 

III 

General photography scientific, colour 

speed 







separation 

Fine grain 

25-27 

24-26 

S, R, M 

m. or h. 

f. 

II 

General photography, scientific 

Rapid 

24-25 

22-24 

P. s 

m. of h. 

mf. 

II 

Scientific, colour separation, half-tone 
copying, commercial 

Extra fine 
grain 
Fast re- 

20-23 

IB-21 

M 

h. or eh. 

ef. 

1 

Miniature work in good light, micro- 
filming 

— 

— 

S, M, per- 

m. or h. 

mf. 

s 

Recording traces on fluorescent screens, 

cording 



forated roll 




fast moving lightspots, etc. 

Process 



P. s 

eh. or uh. 

f. or ef. 

S 

Screen and line separation negatives 
from colour originals, photomicro- 
graphy, scientific 

Micro- 

— 

— 

M 

eh. 

ef. 

1 or S 

Microfilming of coloured originals, 

copying 







scientific 

Orthochromatic Emulsions 






High 

31-33 

28-30 

P, s 

m. 

n. 

III 

Press, general photography, portraiture, 

speed 







medical 

Medium 

speed 

27-29 

24-26 

P. S, R 

m. 

n. 

III 

General and commercial photography 

Fluoro- 

— 

— 

M 

h. 

n. 

li 

Specially designed for mass miniature 

graphic 







radiography and fluorography with green 








screens 

Rapid 

24-27 

21-24 

P. s 

m. 

mf. or n. 

ii 

General, technical, scientific, and com- 
mercial photography, copying of con- 
tinuous tone originals, especially faded 
or yellowish images 

Slow 

18-20 

15-16 

P. s 

m. or h. 

f. 

i 

Scientific, photomicrography, copying 
continuous tone originals 

Recording 

— 

— 

s, M, Pp. 

eh. 

mf. 

s 

Recording traces on fluorescent screens, 




perforated 

roll 




moving light spots 

Process 

— 

— 

P. s 

h. or eh. 

f. or ef. 

s 

Copying of line or screen originals, 
photomicrography, etc. 

LJtho 

— 

— 

P, S, Pp 

uh. 

ef. 

s 

Specially designed for photo mechanical 

procea 

Maximum 







screen reproduction, producing extra 
sharp dot quality — e.g., for lithography 



P 

uh. 

uf. 

s 

Extremely thin emulsion, used for mak- 
ing graticules and scientific work re- 
quiring utmost resolution 

raeolutlon 

Bfa+Sensltive Emulsions 






Negative 

ard 

27-29 

22-25 

Pp 

m. 

n. 


General photography; preparation of 
paper negatives 

Medium 

25 

19 

P 

m. 

n. 

III 

Commercial and scientific 

speed 

Fluoro- 

graphic 

Commercial 

- 

- 

s 

h. 

n. 

II 

Fluorography with blue screens 

1 18-22 

12-16 

P.s 

m. or h. 

mf. o r f. 

1 

Copying, scientific 

Process 

— 

— 

P. s 

h. or eh. 

f. or ef. 

s 

Copying line or screen originals, scien- 
tific, photomicrography 

Recording 



S. Pp 

m. or h. 

f. 

s 

Recording traces on blue cathode ray 
screens, recording moving light spots — 
e.g., mirror galvanometer readings 

Miniature 

— 

— 

M 

h. or eh. 

ef. 


As a negative material for the microfilm- 

positive 







ing of monochrome originals; scientific 

Infra-red Emulsions (speeds are with infra-red filter) 




Rapid 

18-19 

20-21 

P. S. M 

m. 

n. 

l-ll 

Long distance work, aerial survey, haze 
penetration 

Slow 

14-16 

16-18 

P 

h. 

mf. 

1 

Scientific 

Process 

— 

— 

P 

h. 

mf. or f. 

s 

Special copying techniques 


Abbreviations. Speed: D— daylight; T — tungsten (tungsten filament half-watt lighting). Where no speeds ere given, 
exposures ere determined by tests for the pertlculer set-up In use— e.g., with process materials. The materials ere arranged 
approximately in descending order of speed. Gradation: S— soft; m — medium; h — hard; eh — extra hard; uh — ultra-hard 
Grain: n— normal; mf— medium fine; f— -fine; ef— extra fine; uf — ultra-fine or grainless. Availability: P — plates; S— sheet 
film; R— <oll Aim; M— 35 mm. miniature Aim; P^-paper. Development Speed: I — very rapid; II — rapid; III— average; 
IV— alow; V — very slow; S — material requiring special developers and/or development procedure. 

This list does not cover a large number of scientific materials for specific purposes which are made to special order only. 
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copying, and spectrography, all of which call 
for an unusually high standard of resolution. 

Completely grainless emulsions which are 
slower even than contact papers are used for 
radiography, for making graticules, and where- 
ever the resolving power must be as fine as 
possible. 

Resolving Power. The resolving power of a 
photographic emulsion is its ability to separate 
small image detail. It is governed by: the 
thickness and turbidity of the emulsion; the 
graininess of the emulsion. 

The effective resolution of the image also 
depends on a number of other factors apart 
from the sensitive material, such as subject 
contrast, exposure, the developer and technique 
of development, and the resolving power of the 
optical system. 

The relative resolving power of sensitive 
materials is measured by photographing a test 
chart consisting of sets of lines spaced at vary- 
ing distances apart under controlled conditions 
of illumination, exposure, and development. 
The resolving power of the emulsion is ex- 
pressed as the greatest number of lines per 
millimetre that can be distinctly seen (under 
suitable magnification) on the negative of the 
test chart. This figure, of course, represents 
the maximum number of lines that the emul- 
sion is able to resolve under ideal conditions 
of testing. 

A photographic emulsion of silver halide and 
gelatin is a turbid medium, so it tends to 
scatter light that passes through it. As a result, 
the silver image spreads outside the limits of 
the optical image. The more turbid and the 
thicker the emulsion, the more the light spreads 
and destroys the definition of fine detail. This 
results in lowered resolving power. 

Over-exposure increases the amount of 
scattered light that registers on the sensitive 
emulsion, and also increases the depth of the 
image in the emulsion layer, with a corres- 
ponding loss of resolving power in each case. 
Over-development of the negative material 
destroys resolution by emphasizing the light 
scatter and coarsening the image. 

The greater the emulsion grain, the lower 
the resolving power. This explains why the 
fast double-coated materials used in general 
photography have a comparatively low resolv- 
ing power. The slower, fine grain emulsions 
have much higher resolving power. Special 
thin emulsions are used to give the necesary 
high resolving power for such work as aerial 
photography, photomicrography and spectro- 
graphy. 

For very high resolution — e.g., as in making 
graticules — Lippmann type plates are used. 
These have a very thin and almost grainless 
emulsion layer which is practically transparent. 
The silver halide content 'of the emulsion is 
comparatively low, so that such materials are 
often slower than the slowest lantern plates or 
contact papers. 


Development Characteristics. The characteri- 
stics of a negative material must always be con- 
sidered in conjunction with the developer that 
is to be used with it. So for any sensitive material 
it is necessary to know something about its 
actual rate of development; Its potential 
maximum contrast; and the effect of develo- 
pers on its effective speed. All these factors 
depend on the developer as much as on the 
negative material. 

The rate of development in a particular 
developer is often highest for the slower sensi- 
tive materials; the fastest panchromatic 
materials generally require the longest develop- 
ment times. Special fast-developing high-speed 
films and plates are, however, manufactured 
for press photography and other work where 
rapid processing is required. 

While the relative image contrast (gamma) 
depends largely on the developer and develop- 
ment time, the maximum contrast (gamma 
infinity) obtainable in a given developer depends 
on the inherent gradation of the negative 
material. 

Development in many fine grain developers 
lowers the effective emulsion speed of the 
material. Most fine grain developers lower the 
effective speed of the faster materials more than 
they do the slow. This difference is very marked 
with some ultra-fine grain developers. Many 
ultra-fine grain developers in fact offer little 
or no advantage with most types of high-speed 
materials over, say, ordinary fine grain de- 
velopers with medium speed materials. 

Physical Characteristics. The thickness of the 
emulsion coating varies according to the pur- 
pose of the material. Thick emulsions contain 
more silver salts than thin, so they are capable 
of yielding a greater maximum density, but 
their resolving power is correspondingly 
lowered. Very thin emulsions are used for 
work calling for the maximum amount of 
resolution — e.g., for fine line reproduction 
and making graticules. 

Certain negative materials are prepared in 
such a way that the emulsion can be stripped 
off the support and, if necessary, transferred 
to another. These usually have a hardened 
emulsion coated on top of a layer of clear, un- 
hardened gelatin. The soft gelatin makes it 
easy to strip the emulsion off its support. In 
addition, the emulsion may have a supercoat of 
adhesive to allow it to be transferred and stuck 
to another support. Such materials are known 
as transfer materials. 

The material may also be given a final pro- 
tective coating of clear unsensitized gelatin, 
known as a supercoat. This layer protects the 
sensitized emulsion from physical injury — 
e.g., scratching and abrasion — which tends to 
produce dark stress marks in the developed 
emulsion, even though the material itself is not 
visibly marked. In transfer materials, the 
supercoat may consist of a layer of adhesive to 
attach the emulsion to its new support. 
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Double-coated Emulsions. Many sensitive 
materials — particularly films for the popular 
photographic market — have two emulsion 
layers: a slow one coated directly on the 
support, and a fast one coated on top of the 
slow emulsion. 

During exposure the fast emulsion layer is 
affected first. Further exposure affects the lower 
layer and forms a latent image there, so in- 
creasing the effective tone range of the material. 

Double-coated materials are particularly 
suitable for general amateur photography 
because of their wide exposure latitude. Their 
main disadvantage is that double coating 
increases the thickness of the emulsion layer 
and gives rise to increased irradiation, so that 
double-coated materials have a comparatively 
low resolving power. 

Supports. The base on which the emulsion is 
coated is mostly either a glass plate or a flexible 
film of cellulose acetate or other plastic. Glass 
plates are used for accurate work such as 
photogrammetry where dimensional stability 
is important, but special transparent plastic 
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bases have been developed which are almost 
as stable as glass in this respect. 

In addition to these transparent bases, 
several opaque materials are used as supports 
for negative emulsions. These include card 
(for the cheap sensitized material known as 
negative card), paper (for cheap paper roll 
films), and sheet metal (for templates). 

Most negative materials are treated with 
some f orm of backing or sub-coating of dye or 
pigment to absorb the light scattered within 
the emulsion layer and reflected from the base. 

Roll films and cut films are also coated with 
a gelatin backing to counteract the tendency of 
this type of support to curl in towards the 
emulsion layer. The anti-halo dye or pigment is 
usually put in this anti-curl coating. L.A.M. 

Sec also: Gradation; Grain; Keeping qualities of materials; 
Resolving power; Sensitized materials history ; Sensitized 
materials manufacture; Sizes and packings; Spectral 
sensitivity; Speed of sensitized materials; Supports for 
emulsions. 

Books: Developing , by C. I. Jacobson (London); Expo- 
sure, by W. F. Berg (London); Sensitometry, by L. Lobel 
and M. Dubois (London). 


NEGATIVES FROM COLOUR SLIDES. It 
is often useful to be able to make black-and- 
white prints from colour transparencies. Since 
the transparency is a positive it is first necessary 
to make an ordinary monochrome negative 
from it; this negative is then used to make the 
black-and-white print (or slide). 

The kind of negative to be made depends 
upon the original transparency and the sort of 
print required. There are negatives — e.g., 
35 mm. and other miniature sizes — made by 
contact printing, from which prints are made in 
the enlarger; small negatives made by pro- 
jection — e.g., to 2f ins. square and 2J x 3f 
ins. — from miniature transparencies, to print 
by contact or projection; and enlarged nega- 
tives from which prints are made by contact. 
Contact Negatives. These are made on to a 
medium speed panchromatic film; 35 mm. 
films are printed in a 35 mm. printer of the type 
used for making film strips or miniature slides. 
The disadvantage of the method is that it is 
difficult to prevent dust and scratches from 
being reproduced on the negative. These 
blemishes are subsequently magnified if the 
final prints are made by enlargement. 

Contact prints from roll film transparencies 
— i.e., 2J x 2J ins. or 2f x 3i ins. — are 
made in the same way as lantern slides but on 
medium speed panchromatic film or plates 
instead of lantern plates. 

Negatives by Projection. It is sometimes 
more convenient to make enlarged negatives 
from 35 mm. transparencies; the conventional 
lantern slide sizes are easier to handle and 
retouch than miniature slides made by contact. 
In this case the colour transparency is held in 
the negative carrier of the enlarger. The 


negative is then made by normal enlarging 
technique on to a suitable plate or section of 
film held in a frame on the enlarger baseboard. 

Because the sensitive material is so much 
faster than bromide paper, every trace of stray 
light must be cut out and all operations 
conducted by the correct type of safelight. 

If enlargements are made from negatives 
projected in this way, there is a further loss of 
definition that does notoccur in the first method 
described, but greater freedom from mechanical 
defects. 

Where large black-and-white prints, all of 
the same size, are required, an economical 
method may be to make an enlarged negative 
from which full size contact prints can be run 
off. Compared with the other methods, this way 
is too expensive in negative material to be used 
for making only two or three prints of one size. 

Whenever the copy negative is to be printed 
by contact, the fact that it will be reversed from 
left to right must be allowed for by reversing 
the colour transparency in the enlarger. This 
enables the negative to be printed with the 
emulsion in contact with the printing paper. 
The precaution is unnecessary with negatives 
for enlarging because they can be reversed 
without affecting the definition of the prints. 
Sensitized Material. The copy negative should 
generally be made on panchromatic material, 
although orthochromatic and non-colour 
sensitive material may be quite suitable for 
certain subjects just as it is in making mono- 
chrome negatives direct from the original 
subject. In the same way, filters may be used 
over the printing light to vary the relative 
brilliance of the colours, or to correct the 
colour temperature of the light source. 


767 



NEG 


Medium speed material is essential to give 
fine grain in negatives that have to be consider- 
ably enlarged. For negatives for contact 
printing, faster pan films of lower contrast may 
be used with advantage. 

The contrast of most colour transparencies 
is appreciable, so the film must be developed 
in a soft-working solution and processed to 
give a soft negative. 

Printing Light. The colour temperature of the 
printing light influences the tones of the 
negative. Tungsten lighting, for instance, being 
rich in red rays, will tend to lighten the tone of 
red and yellow objects and darken the tone of 
blue. This effect can be corrected by the use of 
a green-blue, half-watt-to-daylight correction 
filter in front of the lamp. Mercury vapour 
lighting, being very rich in blue and ultra-violet, 
lightens blue tones and darkens red. The 
spectrum of cold cathode lighting is very 
similar to that of daylight. 

The foregoing comments apply to the making 
of positive prints from reversal colour trans- 
parencies; photographers who expect to require 
many monochrome prints may prefer to use 
one of the colour negative systems. 

It should also be borne in mind that reversal 
papers are on the market which enable posi- 
tives to be made without an intermediate 
negative. C.D.M. 

See also: Duplicate negatives; Separation negatives. 

NfeGRE, CHARLES, 1820-80. French painter 
and photographer. Was an early calotypist, 
collaborated with Niepce de St. Victor and 
worked especially in the field of photographic 
and photomechanical reproductions of art 
objects. Introduced or improved heliogravures 
on steel (1854), transfer of chromate images 
for zincography, collotypes (1856), and photo- 
galvanographs. 

NEO-COCCINE. Red dye used in negative 
retouching. It stains the gelatin and prevents 
some of the actinic light from passing through 
and affecting the printing paper. A faint, even 
tint can thus be given to thin parts of the negative 
to prevent them from printing too dark during 
enlarging. 

NEON LAMP. Glass bulb filled with neon 
gas at very low pressure and having two elec- 
trodes connected to a conventional type of 
cap. When the lamp is on, the gas between the 
electrodes glows with a p inkish light. 

Lamps of this type are not bright enough for 
normal lighting, but they have a number of 
specialized uses. 

Because the current consumption is veiy 
low, the light is practically cold, and there is 
no filament to break or burn out. Neon lamps 
are used as pilot lights, indicators, warning 
lamps and in situations where absolute relia- 
bility is essential and low current consumption 
is an advantage. 
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Because the light ''strikes" as soon as the 
voltage is applied, and goes out immediately 
without any afterglow on switching off, neon 
lamps are ideal for use in stroboscopes. 

The neon arc strikes as soon as the applied 
voltage exceeds roughly 80 volts. This property 
is made use of in electronic timers. In these 
instruments the neon lamp operates a switch 
and breaks the enlarger lamp circuit. It does 
this when the voltage of an associated bank of 
condensers rises to a particular value; this 
charging period corresponds to the desired 
exposure tune. F.P. 

NEWMAN, ARTHUR SAMUEL, 1862-1943. 
English engineer, designer of photographic 
and cinematographic apparatus. Devised in 
1889 his first diaphragm shutter; in 1890 the 
Celeritas shutter (with Simpson’s of Clerken- 
well, London). Manufactured with the firms of 
Newman and Guardia (till 1908) and Newman 
and Sinclair several cameras, e.g., the Standard, 
Nydia, Sybil, Centum (100 exposures on un- 
perforated 35 mm. film), N & S Reflex camera. 
Made early cine apparatus for Friese-Greene, 
the Viventoscope projector for Blair (1897), 
supplied films and gave cine shows. In 1909 
advocated standardization of motion picture 
films. In 1911 made the first N & S cine camera 
and later the clockwork Auto Kine camera. He 
worked as consultant for photographic and 
cine companies. A founder member of the 
British Kinematograph Society. Received the 
Progress Medal of the Royal Photographic 
Society in 1936. The Newman Lecture and 
Plaque were established in his memory. 

NEWS PHOTOGRAPHY. Section of press 
photography concerned with taking pictures of 
topical events. 

See also : Freelance photography: Magazine photography; 
Photo Journalism; Picture series; Press photography . 

NEWTON’S RINGS. Concentric bands of 
coloured light sometimes seen around the areas 
where two transparent surfaces are not quite 
in contact. The rings are the result of inter- 
ference and occur when the separation between 
the surfaces is of the same order as the wave- 
length of light. 

In enlarging, Newton's rings can form 
between the surface of the negative and the 
glass negative carrier plate, when they produce 
alternate light and dark bands on the print. 
The cure, if the negative size is small enough to 
permit it, is to use a glassless carrier. With 
larger negatives a mask around the edge, 
sufficient to take the negative (usually the back) 
out of contact with the glass, will often put 
things right. In extreme cases, the negative may 
be pressed on to a pool of glycerine on the glass 
so that all air bubbles are excluded. A print 
made in this way will show no sign of rings. 

The appearance of Newton’s rings between 
two flat or curved glass surfaces is used as a 



MG 


check for flatness or regularity of curvature in 
fitting and inspecting optical components. 

See also: Faults. 

NICKEL NITRATE. Used in certain toners. 

Formula and molecular weight: Ni(NO a ) s . 
6H,0;291. 

Characteristics: Green hygroscopic salt. 
Solubility: About 50 parts in lOO parts of 
water at room temperature. 

NIEPCE DE ST. VICTOR, CLAUDE F£LIX 
ABEL, 1805-70. French cavalry officer and 
scientist. Improved the asphaltum (bitumen) 
heliogravure process of his cousin (Joseph Nice- 
phore Niepce) (1853-55) and Becquerel’s helio- 
chromy process (1851-66). Invented the 
albumen-silver iodide glass negative process 
called Niepceotype (1847). Biography by R. 
Colson (Paris 1898). 

NltPCE, ISIDORE, 1805-68. French, son of 
Joseph Nicephore Niepce whom Isidore suc- 
ceeded (1833) in the partnership with Daguerre. 
Does not appear to have made any important 
scientific or technical contribution to the 
further work of Daguerre, but took part in the 
commercial exploitation of the Niepce- 
Daguerre inventions. In 1839 obtained a pen- 
sion from the French Government for the dis- 
closure of the daguerreotype and heliographic 
processes. 

NrtlPCE, JOSEPH NICFPHORE, 1765-1833. 
French amateur scientist. Invented photo- 
graphy in the camera, and heliogravure. Experi- 
mented with lithography and tried to produce 
paper images and litho printing blocks (on 
stone, metals, glass) by copying drawings 
through the action of light and subsequent 
etching. Used a camera (with lens) as early as 
1816, but also contact copying without a 
camera. In 1816 obtained negatives by the 


action of light on paper (imbibed with silver 
chloride), but could only partially fix them. 
After experimenting with a number of sub- 
stances, achieved satisfactory results by coating 
a pewter plate with asphaltum, exposing it (by 
contact, or for hours in a camera), washing 
away with lavender oil and petroleum the 
shadow portions which had not been hardened 
by light, and thus obtaining a permanent, 
direct-positive picture. He was the first to use 
an iris diaphragm and bellows in his cameras. 
1 822 is probably the year in which he obtained 
the first successful, permanent image by con- 
tact copying; the first surviving photograph 
from nature, taken in a camera, dates possibly 
from 1826. Niepce used in 1829 silvered metal 
plates for his asphaltum photographs and 
darkened the shadows (bare silver) by iodine 
fumes; this method was described in detail in 
his supplement to the partnership agreement 
which he concluded with Daguerre in 1829, 
and may have contributed to Daguerre’s dis- 
covery of the light sensitivity of iodized silver 
plates (1831). Niepce’s contact with Daguerre 
had been established in 1826 through the 
Parisian optician, Charles Chevalier, from 
whom both bought lenses and optical appara- 
tus. The subsequent history of the Niepce- 
Daguerre invention will be found in the bio- 
graphical notice on Daguerre. Niepce died in 
1833, and his son Isidore became Daguerre’s 
partner. Biographies by Fouque (Paris 1867) 
and H. & A. Gemsheim (London 1956). 

See also: Discovery of photography. 

NIEPCEOTYPE. J. N. Niepce discovered 
that the action of light rendered bitumen 
insoluble in a number of liquids, such as 
petroleum, in which it would normally dissolve. 
By this means he was able to produce contact 
prints which are sometimes referred to as 
Niepceotypes. 

See also: Discovery oj photography. 


NIGHT PHOTOGRAPHY 


Photography in one way or another can still 
be carried on out of doors after the sun has set, 
by the afterglow in the sky in the period of 
dusk, by existing street, shop-window, or 
floodlighting, and by moonlight. The photo- 
grapher can supplement these effects to a 
greater or less extent by adding lighting of his 
own — generally flash. 

Equipment. The camera, its accessories, and a 
firm tripod form the principal items of equip- 
ment. There is one important addition that does 
not usually form part of a photographer’s kit — 
a pocket torch. 

There are some after-sunset pictures that can 
be taken with any camera and others that call 
for something special. If the lighting is so 
feeble that the photograph needs a time ex- 


posure, with the camera mounted on a tripod 
or other support, then one camera is as good 
as another. Night scenes were photographed 
in this way as early as the beginning of the 
century with lenses and sensitized materials 
that were impossibly slow by modem standards. 
So for time exposures, even a box camera will 
serve; the quality of the results being as good 
as its simple lens and limited adjustments will 
permit. The subject in all such cases must of 
course be still. 

Moving subjects call for a lens with an aper- 
ture of /3-5 or preferably / 2-0 with accurate 
focusing and a shutter giving automatic 
exposures down to half a second. With such 
subjects it is not essential for the camera to be 
on a tripod, but some form of support is usually 
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desirable. This is the field of the miniature 
camera and, in fact, the advent of this type of 
instrument, together with modem high-speed 
panchromatic emulsion, was directly respon- 
sible for the popularity of night photography. 

Whatever the camera, it must have a large, 
clear viewfinder, plainly marked scales, and a 
deep lens hood. Automatic film transport is a 
desirable feature as it is difficult to see film 
numbering at night. A bloomed lens is an 
advantage when there are artificial lights facing 
the camera. 

lighting, Apart from photographs taken by 
dusk, moonlight, or lightning, all photography 
at night relies on the presence of some form of 
artificial lighting. This may consist of isolated 
street lamps or of masses of lights in busy city 
centres, in arcades and fair grounds, or of the 
special concentrations of lights at the foot of 
floodlit buildings. The subject may be the 
pattern made by the lights themselves, or an 
illuminated scene in which the light sources 
may or may not appear. 

Contrast. In every case, the special character 
of the illumination has to be considered and, 
in the main, this meaDs its peculiarity of falling 
off abruptly at a short distance away from the 
source. This is the result of the operation of the 
inverse square law. Artificial lighting indoors is 
either concentrated by reflectors or so much of 
it is reflected back on to the subject by walls 
and ceiling that the law applies only in a very 
modified fashion. But outdoor lighting usually 
radiates in all directions and is not often 
reflected back in useful amounts by light sur- 
faces nearby. So the intensity of outdoor light- 
ing at, say 20 feet from the source is only 
quarter the intensity at 10 feet, at 30 feet it is 
ona-ninth, at 40feetitisone-sixteenthandso on. 

The consequence is that the picture tends to 
concentrate itself into localized pools of light 
immediately surrounding the source, with 
featureless areas of black in between. This is 
not what the eye, with its tremendous range of 
sensitivities, sees when it looks at the same 
scene. So the picture is apt to be disappointing 
and not at all what the photographer hoped to 
get when he made the exposure. 

There are several things that can be done to 
improve the picture. The first is to choose 
scenes in which there are light-reflecting sur- 
faces— buildings, foliage and flowers, even 
vehicles — to make the most of what light there 
is in the faintly illuminated areas. Secondly, 
the hi g hli g hts in the picture can be doubled by 
choosing a rainy night — preferably just after a 
shower — when they are reflected in the wet 
pavement. It is often possible to make use of 
the surface of a river or lake in the same way, 
while snow-covered ground and light dusty road 
surfaces are equally helpful. 

The violent contrasts of the scene can be 
reduced still further by keeping the light source 
out of the picture. This can often be done by 
choosing a viewpoint where the sources lie 


outside the field of the lens. Another solution 
is to choose a position where a foreground 
object — e.g., the trunk of a tree or a lamp-post 
— comes between the light source and the 
camera. This trick is particularly effective 
when the obstruction has a recognizable shape 
— e.g., a piece of statuary or even a human 
figure. 

It also helps to use a low-contrast, sensitized 
material — i.e., one of soft gradation. This point 
is generally taken care of automatically, since 
the night photographer almost always uses fast 
panchromatic materials which tend in any 
case to have a soft gradation. 

For the same reason, exposure should be on 
the generous side to get the maximum shadow 
detail, and development can safely be cut by 
25 per cent to prevent the highlights from 
blocking up. 

Using Flash. When flash is used out of doors at 
night there are no light surroundings, like 
ceilings and walls, to act as reflectors and 
throw indirect light back on to the subject and 
its setting. So flashlight in the open falls off 
rapidly and illuminates nothing beyond the 
actual subject. (It also illuminates any fore- 
ground objects very brightly so that they can 
quite easily steal the picture.) 

This characteristic offers a valuable means of 
completely isolating a particular subject. Any- 
thing photographed in this way prints ou' 
against a solid black background. If the back 
ground and setting are necessary, the easies 
way to handle the problem is to shoot arounc 
dusk, when there is just enough sky light re- 
maining to record the setting while the shutter 
is open for the flash. Usually, the best way tc 
do this is to light the subject by open flash 
technique and leave the shutter open long 
enough to give the required exposure to the 
landscape. Many novel effects can be created 
by this method of combining flash and evening 
light. 

Halation. When the light sources appear in the 
picture, they are bound to show some sign of 
halation. This causes the image of the source 
itself to spread, and surrounds it with a halo 
of scattered light. As a rule, the longer the 
exposure and development, the worse the 
halation. It is also worse with unbacked 
materials, but nowadays any plate or film 
likely to be used for night photography is 
backed or treated against halation by the 
manufacturer. 

Halation can be avoided by cutting out the 
light source, or it can be kept to a minimum by 
giving no more exposure or development than 
is absolutely necessary. Development in a 
surface developer is also an excellent way of 
avoiding halation. Finally, it can be lessened by 
rubbing down the affected areas of the negative 
with a fine abrasive paste like Baskett’s reducer. 
But it must be remembered that a trace of 
halation adds a natural radiance to the light 
sources that can be most effective. 
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Flare. Moat lenses produce some form of flare, 
but then is generally some position of the 
source where flare is avoidable. These posi- 
tions can be found by setting up a candle or 
lighted torch bulb in a darkroom, focusing 
the lens on it, and noting the effect of shifting 
the image about on the focusing screen. Any 
serious flare noted can be avoided by keep- 
ing the light source away from the correspond- 
in® position of the test light in the picture area. 

The position of a flare patch on the focusing 
•creen of a twin lens reflex is no indication that 
the taking lens will form a similar patch on the 
negative. Flare In most lenses is generally worst 
at small aperture. Coating a lens reduces the 
likelihood of flare; any photographer who 
intends to take up night photography can 
always have the lens of his camera coated 
reasonably cheaply if it is not coated already. 
Focusing. At night it is difficult to focus by any 
of the regular methods, because the subject is 
too dim to be seen in a focusing screen or a 
rangefinder field, and the light sources are too 
intense. The camera can be focused on a torch 
held near the subject; another method is to 
measure or pace out the distance, or, if neces- 
sary, estimate it. Slight errors in focusing are 
in any case less noticeable in a night photo- 
graph. As a rough nfle the lens should be 
f ocused on a point about one-third of the way 
from the front edge of the depth of the field to 
be covered sharply, but it is easier to tum it 
right to the infinity stop for scenes where the 
interest lies beyond about 50 feet 
Exposure. There is no single correct exposure for 
any night subject; everything depends on what 
the final print has to show. The minimum expo- 
sure that will register the light sources would be 
adequate where the picture consisted of a 
pattern of lights only, but as soon as the nega- 
tive must include an image of objects or scenery 
illuminated by the light source, then it becomes 
necessary to. give a longer exposure. And the 
longer the exposure, the more of the scene will 
appear In the final print. 

At the same time, there is no point in giving 
such a lengthy exposure that the details of the 
subject will be as plain as in a daylight photo- 
graph, because without some proportion of 
completely black shadow the photograph would 
lose the essential after-dark atmosphere. So the 
best exposure will generally lie somewhere 
between the above extremes. In practice this 
allows a great deal of latitude which is extended 
still further at the printing stage. By choosing a 
hard or soft paper, the amount of shadow detail 
in the final print can be widely controlled. 

All that can be said about exposure is that 
it should be based on a selective exposure 
meter reading, interpreted in the light of 
experience and experiment and study of data 
published with night photographs taken under 
similar conditions. A rough starting point is 
indicated for each of the various classes of 
subject that are dealt with below. 


Most night pictures are time exposures made 
with the camera mounted on a steady support 
or a tripod. In addition to the usual precautions 
taken to ensure that the camera does not move 
during the exposure, a special technique is 
necessary if there are passers-by or lighted 
vehicles moving in front of the camera. A piece 
of black card is held in front of the lens while 
the interruption is going on and removed as 
soon as it is over. This procedure can be 
repeated ad lib., so long as a check is kept to 
see that the total time for which the lens is 
uncovered adds up to the required exposure. 
However, people walking fairly quickly across 
the picture can be neglected; they will not 
effect the image. 

Sensitized Materials. Since even the brightest 
of night scenes is dull compared with daylight, 
only the fastest panchromatic materials can be 
considered. Even for time exposures it Is better 
to use fast panchromatic materials for the sake 
of their sof ter gradation. 

Often the fastest materials are still not fast 
enough— particularly for use in a camera with 
an / 4*5 or smaller lens. At such times it is 
worth-while hypersensitizing the film or plate. 
This can be done either before or after exposure. 
There are various methods of hypersensitizing 
which can be expected to double or treble the 
speed of the material for a few days at least. 
Processing and Printing. As the subject con- 
trasts are generally too extreme to be recorded 
by the film, development should aim at low 
contrast — e.g., by curtailing the development 
time up to 25 per cent, by employing two bath 
or water bath development, or (preferably) by 
developing in a compensating fine-grain for- 
mula. Fireworks and similar light trace 
patterns, however, are rendered best by develop- 
ment in an ordinary M.Q. developer to get 
extra contrast. 

The typical night photograph is best printed 
on a fairly hard grade of paper to bring out the 
shadow detail and to also reproduce good 
quality blacks. 

Landscapes. The best time for taking open 
scenery and panoramas is immediately after 
the sun has set, and as soon as the buildings 
and streets are lighted up. At such times there 
is still enough sky light left to show up sil- 
houettes of buildings and the line of the horizon, 
while lighted windows and street lamps stand 
out against an inky-black background. 

Open landscapes with plenty of lighted roads 
and buildings— or even public illuminations — 
make excellent pictures taken in this way. 
Sometimes a better result is achieved by 
making two exposures, one just after the sun 
has set, and another very much later, when all 
the lights have been switched on. The camera 
must of course be left untouched on the tripod 
between exposures. 

The exposure for the landscape imme- 
diately after sunset should be 4-8 seconds at 
/ 8 on fast panchromatic film. If a second 
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exposure is given later to get more lights in the 
picture, the same exposure should be given. 
Streets. In the older parts of most towns there 
are lamplit street comers, archways, flights of 
steps and alleys that make excellent picture 
material. Generally all that is needed is a 
suitable figure either under the lamp or sil- 
houetted against its light and the result is an 
atmospheric picture that can be taken even 
with a box camera. If the light is reflected in a 
wet pavement, so much the better. Exposure 
will be anything from 5-10 minutes at/ 1 1 . 

Street scenes in the busier part of the town 
call for instantaneous exposures to arrest move- 
ment. Fortunately the lighting is more powerful 
in such places and, by shooting when the sub- 
ject is well within the full brilliance of the lamp, 
exposures as short as 1/25 at / 3-5 will give a 
reasonable image. At this speed the movement 
should be towards or away from the camera. 
By taking the moving figures in silhouette 
against a brightly lighted surface, or against 
lights reflected in a wet pavement, even higher 
speeds may be used. 

Many of the latest types of mercury or 
sodium vapour street lamps enable much shorter 
exposures than this to be given, particularly if 
the subject or group is standing directly under 
the lamp and silhouetted against pavement 
reflections from other lights. A single figure 
can be very effectively photographed looking 
at a newspaper under the street light, because 
the newspaper acts as a light reflector to im- 
prove the illumination of the face. 

Shop Windows. Lighted shop windows give an 
opportunity for two types of picture: the 
display figures and window-dressing arrange- 
ments and people looking at the window. 

(1) As the lighting is all directed away from 
the observer, there is no danger of flare or 
halation and the results are usually excellent. 
One or two window shoppers silhouetted 
against the light help to make things more 
interesting. Exposures will depend on the 
number and power of the lamps (which vary 
widely) and a photo-electric meter reading is 
the only answer. 

(2) A camera station well to the side is 
necessary to show the faces of the spectators 
as well as something of what they are looking 
at. This gives the photographer a chance to 
steady the camera against the side of the build- 
ing and take a time exposure. As the faces are 
lit only by reflected light, the exposure must 
be as long as can be given without showing 
movement. Since the subjects are interested in 
what they are looking at, it is often possible to 
give an exposure as long as 5 seconds, but even 
at 1 second the result may be satisfactory. 

Busy Centres. Every city has its Piccadilly 
Circus where there is a general blaze of light 
from street lamps, lighted shop windows, 
advertising signs and the like. Here there are 
interesting groups of people, newspaper and 
flower sellers, traffic and lively action. The 


possible subjects are endless and the light is 
generally strong enough to make snapshooting 
possible. Even so, the longest practicable 
exposure should always be given at the greatest 
stop that will give the required depth of field. 
A tripod will be out of the question, but there 
is never any shortage of lamp-posts, pillar 
boxes and other street furniture to serve as a 
camera rest. 

For general views of the centre, it is a good 
idea to shoot when traffic is stationary, just 
as the traffic lights are changing over. This is the 
right time also to catch pedestrians waiting to 
cross and who are generally standing under the 
brightest illumination. 

Normal shots around centres of this type 
should be given an exposure of 1/10 second at 
/ 2, but by carefully timing the instant of 
exposure it is possible to get pictures which 
show little movement at J second at / 4-5. 

A novel type of picture results from stopping 
down the lens and giving a long time exposure 
during which the lights of moving vehicles 
register as parallel streaks of light. For this 
type of shot the camera should be on a tripod 
and if possible looking down on the centre. 

Fairs and Markets. Pictures around fairs at 
night call for a variety of techniques because 
the subjects and lighting vary so widely. Gener- 
ally speaking, there is not much point in trying 
to get pictures in the poorly lighted spots. The 
fun of the fair is in its life and action, and there 
are usually a number of vantage points around 
the more elaborate mechanical entertainments 
where the lighting is bright enough for instan- 
taneous exposures. Here, the technique recom- 
mended for busy city centres will apply and 
exposures will be about the same. 

Brightly lighted stalls like shooting galleries, 
houp-Ia, and coconut shies can be tackled 
like shop windows — i.e., showing the spectators 
silhouetted against the brightly lighted back- 
ground of prizes, or shooting from the side to 
catch their expressions. Markets with their 
stalls, cheap-jacks and their audiences can be 
dealt with in the same way. 

One great advantage of the individual light- 
ing in such places is that, by taking a little 
trouble over the viewpoint, it is generally 
possible to isolate the subject completely 
against a dark background. 

Finally, the long exposure technique applied 
to roundabouts, switch-backs or the Big Wheel 
will often yield delightful light-trace patterns if 
the shutter is left open for one or more revolu- 
tions. 

Floodlit Buildings. These are ideal subjects for 
simple cameras, since they can be given a long 
time exposure without any fear of movement. 
The building should first be studied from every 
angle to find the most effective viewpoint — it 
is rarely the flatly-lighted view from straight in 
front that shows the subject to the best advant- 
age. With a camera that has no rising front 
movement it will usually be necessary to choose 
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a distant viewpoint to keep the tilt of the camera 
as small as possible. At the same time, a violent 
tilt from a close-up viewpoint can occasionally 
be effective. 

The subject should be framed if possible — 
e.g., by shooting from between trees or foliage, 
or the bold shapes of other buildings — to give 
a feeling of depth and distance. A foreground 
figure silhouetted against the light is an alter- 
native device for imparting space. 

Exposures with this type of subject vary with 
the intensity of the floodlighting and the colour 
of the building. Average conditions call for 
about one second at /8 for white lighting; 
when the lighting is coloured, it is generally 
weaker, and will require up to four times the 
white light exposure. 

Rain. Taking photographs in the rain at night 
is an unpleasant procedure, but it is always 
worth while going out with a camera imme- 
diately after a shower when the wet pavements 
and roads reflect all the lights of street lamps, 
shop windows, advertising signs and so on. The 
pavement reflections also form a bright back- 
ground to figures and objects that would other- 
wise be lost. The extra reflected light enables 
exposures for most subjects to be cut by half. 
Snow. A covering of snow is an even better 


reflector which also adds a touch of novelty to 
the most ordinary scene. Powerful lights near 
the camera should be avoided as they will 
create a glare in the foreground that nothing 
else in the picture will be able to compete with. 
Shooting during a snow-fall gives the picture a 
misty, soft-focus appearance. 

Exposures can be cut to half the normal 
value or even less. 

The use of a lens hood is desirable to protect 
the lens against falling snow. 

Mist and Fog. Both these conditions affect the 
subject in the same way: they obliterate distant 
lights and put a luminous halo around the 
ones nearer the camera. So they tend to isolate 
and simplify the subject and lend it an atmos- 
phere of mystery or unreality. Here again, a 
well-placed figure can often have a dramatic 
impact. 

There is no need to increase the normal 
exposure — in fact, particularly in mist, it may 
be possible to reduce it. This is because the mist 
acts as a reflector and actually increases the 
illumination of the shadows. F.P. 

See also: Faults; Flash technique; Light sources In the 
picture; Moonlight; Shop windows. 

Book: All About Night Photography, by F. Purvcs 

(London). 


NIIKAPHOT. Slightly over-run type of 
tungsten filament lamp. Similar to a Photoflood 
but having a longer working life. 

See also : Filament lamps . 

NITRATE FILM. Standard 35 mm. commercial 
cine film which is coated on a base of cellulose 
nitrate. It is now rarely used even in motion 
picture studios and not at all for narrow gauge 
or amateur films because it is highly inflam- 
mable. 

See also: Supports for emulsions. 

NITRIC ACID. Aqua fortis. Used in dish 
cleaners. 

Formula and molecular weight: HNO a ; 63. 

Characteristics: Highly corrosive yellowish 
liquid (colourless if pure). 

Solubility: Mixes with water in all 

proportions. 

NODAL POINT. A ray of light enters a lens 
at a definite angle with the optical axis and 
leaves the lens also at an angle with the axis 
which is, in general, different from the first. 
However, sometimes the angle for the entering 
ray is equal to that of the emergent ray. For 
this condition the position where the entering 
ray would cut the optical axis is called the first 
nodal point, and the position on the axis from 
which the emergent ray appears to come is 
called the second nodal point. 

In general when there is the same medium on 
both sides of the lens, usually air, the nodal 


points are where the principal planes cross the 
axis; but in cases when there are different media 
surrounding the lens, as in an oil-immersion 
microscope objective or the human eye, the 
nodal points are not in the principal planes of 
the lens. D.P.C. 

See also: Lens. 

NORWAY. Norway has not conti'buted to the 
invention and development of photography, 
nor has the country any photographic in- 
dustry. The population is only 3 millions and the 
basis for such an industry would be too small 
to be firmly established. 

The Past. The oldest daguerreotypes made in 
Norway date from 1842 — three years after 
Daguerre made his invention public. It is 
known that in 1842 a daguerreotypist named 
Knudsen settled down in Oslo, the capital of 
Norway (then Kristiania). From 1843 there 
are daguerreotypes from Bergen signed Iversen, 
and these two may be considered as Norway’s 
first portrait photographers. The oldest studio 
was opened at Bergen in 1 843. 

The most prominent portrait photographers 
using the wet plate process were L Szacinski 
and O. Nyblin of Oslo (Kristiania). The 
former, who was an immigrant Pole, was also 
by appointment photographer to the Royal 
Court. , 

Amateur photography has developed greatly 
during the last decades. The first known 
amateur photographer was the clergyman, 
Ole Tobias Olsen, who became interested in 
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photography early in the 1860's. He used a wet 
plate camera of considerable weight and size, and 
with this equipment he made several thousand 
photographs of various parts of Norway. Most 
of these are of historical interest and are 
housed in the Norwegian Technical Museum 
at Oslo, where his photographic equipment may 
also be seen including his darkroom tent and 
complete wet plate outfit. Bearing in mind 
that Norway — although beautiful — is very 
mountainous and difficult to penetrate, especi- 
ally when there were no railways, no automo- 
biles and very poor roads, Ole Tobias Olsen’s 
performance is unique not only from a photo- 
graphic point of view, but also as an athletic 
achievement. 

The first amateur club, Amatarf otograf en 
(The Amateur Photographers), was founded in 
Oslo in 1888andlasted until 1907. The members 
used mostly dry plates. It numbered about 
100-150 members, the best known being 
Frithjof Nansen, the Norwegian polar explorer 
and scientist, in later years famous for his 
international work for the refugees after the 
first World War on behalf of the League of 
Nations. 

Present-day Activities. In 1921 a new amateur 
club was founded, named Kristiania Kamera 
Klub (now Oslo Kamera Klub). Membership 
has grown from 100-150 to over 700. In 1927 
this club together with two other clubs, 
Rjukan Kamera Klub and Fredrikstad Kamera 
Klub, founded the Norsk Selskap for Fotografi 
(Norwegian Photographic Society) which is 
the central organization of Norwegian camera 
clubs. 

The number of clubs is now about fifty 
and the total membership about 3,500. The 
Norsk Selskap for Fotografi publishes the 
journal Kamera, and arranges yearly photo- 
graphic competitions. The N.S.F. is a member 
ofF.I.A.P. 

The professional photographers in Norway 
are organized in Norges FotografTorbund 
(The Norwegian Photographers’ Association) 
founded in 1894, now numbering about 300 
members. Their official publication is the 
Norsk Fotografisk Tidsskrift. 

Photography is not introduced as a subject in 
any of the high schools or universities of 
Norway, but the university of Oslo has a 
laboratory for photographic research. Photo- 
graphic education is included as a special 
subject in the Craftsman Schools (for appren- 
tices) at Oslo and Trondheim and the Arts 
and Crafts School at Oslo. Moreover, mem- 
bers of the Norges FotografTorbund lecture 
on photography, especially to candidates to 
the Master Craftsman Certificate. 

The present trend in artistic outlook largely 
follows the same course as in the neighbouring 
countries, Sweden and Denmark, although 
Norwegian photographers tend to be more 
conservative in their artistic outlook than, for 
instance, the Swedes. R.Mo. 


NUCLEAR PHYSICS. Various types of 
charged particle — alpha particles, protons and 
electrons, and certain cosmic rays — can produce 
developable tracks in the silver emulsion. Even 
neutrons, which carry no charge, can initiate 
a developable track after collision with a 
hydrogen nucleus in the gelatin of the emulsion. 
History. This property of the silver emulsion 
was first noticed in 1913 by Kinoshita, and 
Marietta Blau and Hertha Wampbacker made 
a systematic study of the phenomena in the 
1920’s. Since 1946 several manufacturers have 
introduced special plates for nuclear research 
which would record the faint track left by an 
electron. These plates have an emulsion layer 
as thick as 1000/* in which the proportion of 
silver bromide to gelatin is much higher than in 
normal emulsions. (The silver grains in the 
ordinary plate or film are too widely spaced to 
show a continuous track.) 

Types of Particle. Different kinds of particle 
produce three dimensional tracks of different 
shapes and thicknesses as they pass through the 
emulsion. These tracks are left in the form of a 
developable latent image. By studying the tracks 
under a microscope, scientists can Team a lot 
about the nature of the particle that causes 
them. 

High energy particles leave long tracks and 
low energy particles leave short, tracks, while 
the size of the chargecan be judged by measuring 
the thickness of the track or by counting the 
number of delta rays evolved around it 
Processing. The processing of the special plates 
is unusual because of the thickness of the 
emulsion. One method is to soak the plate in 
very cold developer so that the solution gets a 
chance to penetrate without acting on the latent 
image. The temperature is then raised, and 
development takes place simultaneously 
throughout the whole layer. Development of 
such an emulsion may take as much as 6 
hours, followed by a fixing time of 100 hours 
and 48 hours for washing. Selective develop- 
ment may be used to bring out certain types of 
track. 

Particle tracks are recorded in the emulsion 
by direct exposure. In cosmic ray research, for 
example, boxes of nuclear plates are taken up 
in plastic balloons, 50 to 100 feet long, to 
altitudes up to 90,000 feet, where the cosmic 
rays have not yet been affected by the denser 
layer of the earth’s atmosphere. Aji automatic 
device releases the plate box at a predetermined 
time and altitude. 

After development, the plates are examined 
under a high power microscope. A series of 
photomicrographs is then made of any tracks 
discovered under the microscope — as many as 
1000 may have to be assembled to record a 
single track. It must be remembered that these 
tracks are three-dimensional so it is by no 
means an easy matter to detect and photograph 
them — especially with the shallow depth of field 
of the high power objectives that have to be used. 
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In the laboratory, particle tracks may be 
photographed directly in the Wilson Cloud 
Chamber. Here, the particle leaves a visible 
trail of condensed droplets in passing through 
super-saturated water vapour. The trail of drops 
is photographed by synchronized electronic 
flash with a stereoscopic camera, using fast 
panchromatic plates which are subsequently 
developed to a high gamma. O.T.S. 

Book: Nuclear Physics In Photography, by C. F. 
Powell and G. P. M. Occhialini (London). 

NUDES. Photography of the nude is generally 
practised by specialists, but any serious photo- 
grapher should be able to master its special 
technique if he cares to take the trouble. Apart 
from anything else, photography of the nude 
gives excellent practice in composition, light- 
ing and processing. 

Tbe Model. Professional models may be engaged 
by the hour through agencies or in answer to 
an advertisement. But an amateur model or a 
girl with no previous experience is more likely 
to bring freshness and spontaneity to the work 
and less likely to have acquired a stock 
repertoire of hackneyed poses and uncon- 
vincing expressions. 

When working with a new model the first 
few sittings are generally given up to normal 
portraiture. Figure work is not discussed until 
the photographer is satisfied with the model’s 
ability and temperament. 

The photographer’s work is made easier and 
he is much more likely to get good results with 
a model who is in sympathy with the idea he 
has in his mind. 

Posing. The setting is always kept extremely 
simple. A bare floor, bare walls and a draped 
cube (such as a tea-chest) are all that is needed 
for a number of poses. 

Arranging the pose is very much like 
producing for the stage. The model, as the 
actor, is given full directions and, as far as 
possible, allowed to interpret the idea naturally 
in her own way. A discreet compliment will 
often put her at ease and help to get rid of any 
tendency to awkwardness and stiffness. 

Props. Nude photography should bfc concerned 
solely with pure form and the effects of light 
and shade. As such it must be divorced from all 
other associations, and this rules out props or 
embellishments of any kind. Personal jewellery, 
“character” make-up, assertive hairstyles and 
furniture all kill the essential abstract atmos- 
phere, while the effect of carefully “arranged” 
drapery easily becomes either prudish or pro- 
vocative — both equally undesirable qualities 
in work of this kind. 

Body. Few models have a good enough figure 
for a full-length standing pose. The most 
pleasing attitudes are the simple natural actions 
of sitting or kneeling, photographed in three- 
quarter view. 

A good model always takes care to sit with 
her weight on the thigh f arthest from the camera. 


This is a very necessary precaution because 
otherwise the thigh nearest to the camera 
becomes flattened and, in fact, looks actually 
distorted. A fault of this sort is quite enough to 
rob the whole pose of grace and spoil a three- 
quarter or profile pose. 

The abdomen is apt to appear excessively 
plump when photographed in its natural 
relaxed state so, almost as a matter of course, 
the model is asked to tense the muscles just 
before the shutter is clicked. 

Limbs. Legs and arms are always a problem; 
they have to be studied and arranged carefully 
so that they do not look as though they were 
disappearing into or sprouting from unexpected 
parts of the anatomy. A well-posed figure in 
sculpture has been described as one that will 
roll down a hill — i.e., it has no awkwardly 
projecting limbs. The same principle can be 
applied to the art of posing a model for a 
photograph. 

Limbs are never allowed to appear bent at 
right angles because a right angle always looks 
ugly in a figure study. The angle is always either 
more or less than a right angle. For the same 
reason the upper arms are never shown pressed 
close to the body because this makes the 
shoulders look square; they are arranged to 
flow in a natural line a few degrees out from 
the shoulder. 

If the model is sitting or reclining and 
supporting her weight on her arm, she will 
generally have her arm sloping away from her 
body. In such a pose she is always made to 
bend her arm slightly at the elbow, otherwise 
she is apt to straighten it, and in practice a 
fully-straightened arm always appears to be 
bent in the wrong direction. 

Exaggerated perspective of any limb is 
avoided by disposing the arms and legs in the 
plane of the picture. Any limb stretched 
towards the camera inevitably appears dis- 
torted to a normal angle lens. If this sort of 
pose must be taken, the normal lens is exchanged 
for one of longer focal length, or the camera 
is moved farther back. (This gives a smaller 
picture which calls for a bigger scale of 
enlargement.) 

In arranging the limbs more or less in the 
plane of the picture they are never allowed to 
frame awkwardly shaped areas of the back- 
ground. A small triangle framed by the upper 
arm, forearm, and the body, for instance, 
would be unpleasantly distracting where the 
model was posed against a light background. 

Legs set their own particular posing problems. 
In general, feminine legs in a “standing-to- 
attention” attitude are rarely attractive. So in a 
standing pose, one leg is always slightly flexed 
at the knee, but never enough to cross the other 
completely. 

Hands. Attractive hands are always exploited 
to the fullest advantage; suitably posed they can 
be made to echo, emphasize, or enrich the 
main theme of the study. Like the face and 
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body, hands photograph best in a three-quarter 
view. Such a view, especially from the thumb 
side, presents the hand in its best aspect and 
most pleasing proportions. 

If the model rests her weight on one hand, 
say, extended behind her, she normally bends 
her wrist almost in a right angle which, in 
profile' is apt to look ugly. In this pose, the base 
of the palm must be raised so that the wrist 
bends at a much more gradual angle and the 
hand appears to rest lightly on the fingers. This 
same principle is applied to every part of the 
body which helps to support the model ; nothing 
is allowed to convey an impression of weight 
or strain. 

Feet. Feet are never shown “end-on” or turned 
out at equal angles, and the sole of the foot is 
never photographed at all. 

Lighting. The subject lighting, in common with 
almost every other aspect of nude photography, 
is simple to the point of austerity. The whole 
aim is to capture the natural modelling of the 
subject in a series of well-graded half-tones. For 
certain dramatic effects in a low key, artificial 
shadows and “splashes” of light may be used to 
give bold modelling, but, in the main, lighting 
for nudes is of the simple basic type, tending, 
if anything, to flatness — i.e., a high key type of 
lighting. 

Many leading workers in this field habitually 
employ no more than three 500 watt lamps in 
standard reflectors, using one as a main light 
source, another as a fill-in light and the third 
for either back-lighting or lighting up the 
background. 

Even two lamps offer a wider range of 
photographic possibilities than most photo- 
graphers have time to exhaust. The arrangement 
calls for one light as near the camera as possible 
and perhaps an inch or two to one side of it, on 
a level with the head of the model. The second 
light is placed behind and one on one side of 
the model to light the background. 

With this arrangement, the main lamp is 
placed about 6 to 8 feet away from the subject. 
At this distance it throws rather more light on 
the model’s face than on her body. This is as it 
should be, and the general distribution of light 
is otherwise reasonably even over the whole of 
the subject. But if the main lamp is brought 
closer than this, the contrast between the 


illumination of the near and far parts of the 
body becomes much stronger and the high key 
effect is destroyed. 

With this type of flat, frontal lighting, hands 
and limbs are less likely to cast ugly shadows 
then when they are illuminated by more 
complex systems. And in general, the attempt 
to glamourize the subject by the use of extra 
splashes of light destroys the essential aloofness 
and purity of line. 

The Negative. The type of frontal, high key 
lighting described gives a low subject brightness 
range. The tone range is, in fact, less than the 
available tone range of the negative. Under 
these circumstances the negative may be exposed 
for the highlights and subsequently given a 
longer time of development than usual. The 
result of this technique is to open out the tone 
range of the subject and give a well-marked 
gradation from the shadows right through to 
the brightest highlight. 

When the highlight exposure and extended 
development are correctly gauged, the negative 
produced is on the thin side but with a higher- 
than-normal contrast. This type of negative 
gives the fine modelling and third-dimensional 
appearance found in all good figure studies. 
The Male Figure. The male figure is not a good 
subject for static poses in the nude. The 
loveliness of a nude woman appears most 
characteristically when she is at rest; a man’s 
body needs to be moving and working to 
achieve anything approaching beauty. So for 
studies of the male figure the photographer 
must go to the fields, the sea and the mines and 
catch men at their daily work. There is no value 
in the synthetic products of the studio and the 
property box. C.O.P 

See also: Hands; Lighting the subject; Portraiture. 

NUMERICAL APERTURE. The aperture of 
a microscope objective is expressed as a figure 
called its Numerical Aperture (or N.A.) 
obtained by multiplying the sine of half the 
angle of aperture by the refractive index of the 
medium it is designed to work in — e.g, air, 
water, or oil. 

The same system is used to indicate the 
aperture of microscope sub-stage condensers. 

See also: Photomicrography. 
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OBERNETTER, JOHANN BAPTIST, 1840- 
87. German photographer and photographic 
publisher. Experimented with silver bromide 
gelatin dry plates and induced Perutz to manu- 
facture them commercially. Contributed to the 
manufacture of the first orthochromatic dry 
plates by Perutz in 1884, the so-called Vogel- 
‘Obemetter silver eosin plates. Also introduced 
the commercial manufacture of silver chloride 
collodion (Celloidin) papers. 

OBJECTIVE. Lens, in an optical instrument, 
that normally faces the object. More often 
applied to the lenses of telescopes and micro- 
scopes than cameras. 

OBSOLETE PRINTING PROCESSES. It 
would be more correct to describe obsolete 
printing processes as prototypes of the printing 
processes in common use today for they relied 
on the same blackening, bleaching or physical 
effect of light on certain compounds and used 
the same sensitizing agents as those required in 
modem practice; it is only the earlier ways of 
employing these which are obsolete. 

The following are some of those processes 
which had a spell of popularity during the first 
fifty years of photography. 

Calotype or Talbotype. A good quality drawing 
paper was sponged over with, or floated on, 
solutions of silver iodide and potassium iodide. 
When partially dry the excess potassium iodide 
was removed by bathing in distilled water. 
Before use, the paper was sensitized in a solu- 
tion of silver nitrate, acetic acid and gallic acid. 

After printing (under a similarly prepared 
paper negative) in bright sunlight, the feeble 
image resulting was brought up to the re- 
quired strength by an application of solution 
similar to the silver nitrate sensitizer. It pro- 
duced a rich warm brown image. 

Fluorotype. Paper was washed over with a 
solution containing 2 per cent potassium 


bromide and i per cent sodium fluoride in 
distilled water. When dry, the paper was made 
sensitive to light by floating it for two minutes 
on a 15 per cent solution of silver nitrate. 
Fluorotype was very sensitive to light and the 
inventor claimed that an image of a brightly 
lit scene could be obtained on it in the camera 
by an exposure of only half a minute. But the 
image, however obtained, was feeble and had 
to be intensified by brushing it over with a 
weak solution of sulphate of iron. It was after- 
wards fixed with hypo and washed. 

Cyanotype. Invented by Sir John Herschel in 
1 842, it is still in use and known as the ferro- 
prussiate or blue-print process. Used mostly 
for copying drawings, it gives a white image on 
blue ground but can be used for printing 
continuous tone negatives providing they have 
plenty of contrast. Suitable well-sized paper is 
brushed over with a sensitizer which in its 
simplest form may consist of a solution of 
potassium ferricyanide and ferric ammonium 
citrate. Paper so prepared is printed out to the 
required depth and then washed in several 
changes of water; the last being slightly acidified 
with hydrochloric acid. 

Pellet Process. This is a variation of cyano- 
type giving a blue image on a white ground 
(negative from negative, or positive from 
positive). It was introduced by H. Pellet in 1878. 

Three stock solutions are required: 20 per 
cent gum arabic, 50 per cent ferric ammonium 
citrate, and 50 per cent ferric chloride. 

The paper is brushed over with : 

Gum arabic solution 20 parts 

Ferric ammonium citrate solution 8 parts 

Ferric chloride solution 5 parts 

After printing, the image, which is yellow in 
colour, is treated with a 20 per cent solution of 
potassium ferrocyanide which turns it blue. 
Ferro-gallic and Ferro-tannic Papers. Intro- 
duced by A. Poitevin in 1861, the ferro-gallic 
process, like cyanotype, relied on the reduction 
of ferric salts by light. The image was however 
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formed by tbe combination of the resultant 
ferrous salts with gallic or tannic acid, yielding 
a deep purple or brown insoluble organic com- 
pound. 

A suitable sensitizer was: 


Gum artblc 
Ferric chloride 
Ferric sulphite 
Tartaric add 
Potassium chloride 
Water to make 


5 ounces 
5 ounces 
4 ounces 
950 (rains 
4 ounces 
40 ounces 


125 (rams 
125 (rams 
100 (rams 
20 (rams 
100 (rar..j 
1,000 c.cm. 


The sensitizer was applied to well-sized paper, 
and the latter partially printed out under a 
negative. The image was developed in a 5 per 
cent solution of gallic or tannic acid containing 
about 1 i per cent of potash alum, and a trace 
of hydrochloric acid. 

Albumen Prints. Prior to 1 850 prints had been 
made on salted paper (i.e., impregnated with 
sodium chloride) brushed over with a solution 
of silver nitrate but these had little vigour. They 
needed a base that would hold more silver and 
this need was met when Blanquart-Evrard of 
Lille suggested coating the paper with a thin 
film of albumen (egg white) before it was 
sensitized by floating on a bath of silver nitrate 
solution. The prints so obtained were toned 
with gold chloride and the process remained in 
almost universal use for the next thirty years. 
It was eventually superseded by printing-out 
papers using collodion or gelatin as a vehicle 
for the sensitive silver salts. 

Argentotype. Originally invented by Herschel 
in 1842, this process produced a silver image 
by u tilizin g the action of light on ferric salts. 
Iron salts (principally ferric oxalate), combined 
with silver nitrate, were mixed with dextrin or 
starch, coated on to a paper base, and printed 
out by daylight. The action of light transformed 
the ferric salts into ferrous salts which, in a 
suitable solvent developer, liberated a precipi- 
tate of metallic silver from the silver nitrate to 
form the image. 

Kallltype. In this process, invented by W. W. 
Nicol, the sensitizer was ferric oxalate, which 
was reduced by light to ferrous oxalate. When 
this was dissolved in the presence of silver 
nitrate (usually incorporated in the paper), the 
ferrous salt reduced the silver nitrate to metallic 
silver which formed the image. 

In practice a tough cartridge or drawing 
paper was first sized with starch, then floated on 
or brushed over with the following (or a 
similar) sensitizing solution : 

Ferric oxalate ounces 1 12 grams 

Potassium oxalate 500 grains 28 grams 

Sliver nitrate 500 grains 28 grams 

Water to make 20 ounces 500 c.cm. 

Printing was done by daylight and continued 
till only the shadows were visible. The prints 
developed in : 

Borax I ounce 25 grams 

Sodium potassium tartrate 525 grains 30 grams 

(Rochelle alt) 

Water to make 20 ounces 500 c.cm. 


The use of a ferric ammonium citrate 
sensitizer, followed by development in plain 
water, yielded warm sepia tones. 

The print was finally fixed in a 3 per cent 
sodium thiosulphate solution rendered slightly 
alkaline with ammonia. 

Palladiotype, Plantinotype. The paper for 
these processes was purchased ready prepared. 
The final print consisted of a deposit of 
platinum or palladium on the paper support. 

The negative was printed by contact in 
daylight and then developed in a solution of 
potassium oxalate. Development was complete 
in about thirty seconds. Successive baths of 
hydrochloric acid were used to clear the print 
of the yellow stain, and the print was finally 
washed for about 40 minutes. 

Palladium was introduced during World War 
I when platinum was difficult to get. Both 
platinum and palladium produced prints with 
beautiful rich blacks unobtainable with silver. 
The great advantage of the process was that 
the image was permanent. 

Papers of this type are very sensitive to damp, 
and special precautions had to be taken to keep 
them dry after opening the tin in which they 
were sold. During printing, the paper had to be 
protected by covering the back with a sheet of 
rubber. 

Owing to the scarcity and high cost of the 
basic materials, these processes have gone out 
of use. 

Ur anium Printing. In this process the action of 
light reduced uranyl nitrate to a viscous com- 
pound. A slightly acidified uranyl nitrate 
solution (about 1 5 per cent) was applied to sized 
paper, printed out, and developed in a 10 per 
cent potassium ferricyanide solution. A wash 
in I per cent hydrochloric acid completed the 
process. 

Alternatively, silver nitrate might be used for 
development and deposited silver to produce a 
grey instead of a brown image. 

Powder Processes. Several of these were for a 
time popular, especially on the Continent. They 
depended on the discovery that certain sub- 
stances such as sugar, dextrine, or gum, 
treated with potassium bichromate, lost their 
natural tackiness when exposed to light. 

A piece of paper or glass so coated after 
exposure under a transparency or negative and 
afterwards subjected to a moist air became 
variously tacky. On dusting with a dark powder 
this would adhere in proportion to the degree 
of the action of the light on the hardening of the 
coating. Plumbago or graphite powder was 
used and the surplus dusted off. To protect 
the image the plate or paper was coated with 
collodion. The same principle, employing 
certain resins, is still in use in various photo- 
mechanical processes. 

Pigment Printing. In 1855 Poitevin made photo- 
graphic prints on paper coated with gelatin 
mixed with colouring matter and sensitized 
with potassium bichromate. This was the 
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beginning of the many processes which have 
led to the carbon printing still practised. The 
earlier attempts produced only crude contrasty 
prints. T. W. Swan, in 1864, showed that to 
retain the more delicate tones the prints had 
to be developed from the back and, to permit 
this, devised the single or double transfer 
system. Since then there has been no basic 
change in the process, but enormous improve- 
ment in carbon tissues with which it is now 
worked. 

A typical pigment process of this type was the 
ozotype (rendered obsolete by the ozobrome or 
carbro process) devised by Thomas Manly in 
1899. A sheet of bichromate-sensitized single 
transfer paper was exposed under a negative to 
give a visible image. It was then applied to a 
sheet of carbon tissue previously soaked for 1 
minute in a solution of 3 c.cm. acetic acid and 
1 gram hydroquinone in 1,000 c.cm. water. 
After drying, the papers were first immersed in 
cold water for 30 minutes and the pigment 
image then subsequently developed by dis- 
solving away the untanned gelatin as in the 
normal carbon process. 

In 1905 Manly invented the ozobrome pro- 
cess which eliminated the use of bichromated 
paper; the pigment image was made direct 
from a bromide print as in the present-day 
carbro process (which is an improved version 
of ozobrome). 

Artigue Process. A variation of the carbon 
process invented by M. Artigue of Paris; it 
was designed to do away with the necessity of 
transferring the printed tissue to a temporary 
support for development. Gum, mixed with 
any desired colour pigment and sensitized with 
potassium bichromate, was coated on paper or 
other support and after exposure under a 
negative was developed in a soup-like mixture of 
sawdust and water. 

The process was capable of producing very 
delicate results. 

Oil Printing. This process, introduced as a 
photographic printing method by Rawlins in 
1904, was based on lithographic transfer proce- 
dures of much earlier date. It depended on the 
action of light on bichromated but unpigmented 
gelatin-coated paper. After exposure under a 
negative, and washing in water, the unaffected 
areas of the gelatin layer absorbed water and 
swelled in inverse proportion to their exposure 
to light. In subsequent application of a greasy 
ink the swollen areas repelled the ink, while the 
least swollen ones accepted it most readily. 

The pigment image could be transferred to 
another sheet of paper by pressing the two into 
contact in a lithographic or a copper-plate 
printing press. After transfer the original image 
might be inked up once more and the process 
repeated for a number of prints. The contrast of 
each successive print tended to increase up to a 
point where no more prints of acceptable tonal 
quality could be made. The type of the original 
paper and the transfer paper, the character of 


the ink, and the transfer pressure all had an 
influence on the quality and brilliance of the 
transferred image. 

As in carbro, the gelatin image could also be 
produced by chemical action of bichromate on 
the silver image in the gelatin layer of a 
bromide print. That process is known as 
bromoil and is still used by some pictorial 
photographers. 

Chromotype. This was a curious process 
described by Robert Hunt before a meeting of 
the British Association in 1843 whereby either 
a negative or positive image could be obtained 
depending on the length of exposure, the latter 
presumably relying on solarization. Describing 
it. Hunt says: “One drachm of copper sulphate 
is dissolved in half an ounce of water and to 
this is added half an ounce of a saturated solu- 
tion of bichromate of potash. This solution is 
applied to paper and when dry is exposed under 
a negative or positive to bright sunshine. The 
image first changes to a dull brown and, if 
checked at this stage, we get a negative picture; 
but if the exposure is continued the brown gives 
way to a yellow picture on a white ground. 
If the exposed paper is washed over with a 
solution of nitrate of silver, a very beautiful 
picture results.” Hunt afterwards added gold 
chloride to the sensitizing solution and claimed 
that, according to the degree of solarization, 
prints could be obtained in crimson, blue, 
brown or deep black. 

Breath Printing. One of Sir John Herschel’s 
interesting discoveries was that latent images 
could be prepared which could only be seen 
when breathed on or subjected to a moist 
atmosphere. 

Paper was coated with the dissolved precipi- 
tate formed under certain conditions by the 
addition of silver nitrate to ferro-tartaric acid. 
Printed under a negative in sunlight the paper 
so prepared would, by the right exposure, be 
impressed with a latent image which was not 
visible unless breathed on or subjected to a light 
aqueous vapour, when it acquired an extra- 
ordinary intensity. 

Diazotype. Designed in 1891 for printing 
photographically on fabrics on which a range 
of colours could be produced. Prints could be 
made on paper, but the colours were dull and 
the whites impure. The term is nowadays 
applied generally to a number of similar pro- 
cesses. 

In practice, the material on which prints 
were required was first bathed or brushed with 
a 1 per cent solution of primuline and, when 
dry, sensitized in a bath of sodium nitrite 
and oxalic acid. Printing was by daylight (30 
seconds to the sun) and the image developed 
in any one of a number of reagents each of 
which gave different colour images ranging 
through red, yellow, orange, purple and brown 
tones. 

An alternative process used casein instead of 
primuline for the first solution. 
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Pina type. In this process a transparency was 
made on a soft emulsion of the lantern plate 
variety and developed in a tanning developer. 
Alternatively, it could be made on a gelatin- 
coated plate sensitized with potassium bichro- 
mate. The “printing plate” so obtained was 
bathed for about two minutes in an engraving 
black or photographic brown pinatype dye; the 
latter was held in suspension by the gelatin in 
direct proportion to the extent to which it had 
been hardened by light action during printing. 
The plate so charged with dye was then washed 
free of the surplus dye and finally brought in 
contact with a sheet of paper coated with plain 
gelatin. The two were squeegeed together and 
left for several minutes, when the dye in the 
printing plate was transferred to the virgin 
gelatin and, when separated, the latter bore the 
dye image. Any number of prints could be 
made by dyeing-up the printing plate and 
repeating the imbitition process. C.D. 

See also: Ambrotype; Amphltype; Control processes; Dis- 
covery of photography; Document photography; Fabric 
printing; Ivorvtype; Opalotype; Pigment processes; Print- 
ing on special supports; Sensitised materials history. 

OHM. Unit of resistance in electricity, often 
denoted by the symbol Q. For convenience, 
other units also used are the kilohm (1,000 
ohms) and the megohm (1,000,000 ohms). 

OIL PRINTING. Early printing process in 
which oil pigment was applied, by brush, to a 
gelatin relief image. 

See also: Obsolete printing processes. 

OIL REINFORCEMENT. Oil pigment can 
be used to reinforce the tones of prints on matt 
or rough surfaced papers. The method makes 
it possible to alter the tonal range of the print. 
Shadows can be made deeper in tone or high- 
lights made lighter, or too insistent details sup- 
pressed. Many photographers question the use 
of such after-treatment on the grounds that it 
is not a photographic process, but for those 
who wish to experiment, here is the procedure: 

The print must be quite dry for this work. It 
is laid face up on a smooth surface and the 
emulson side is rubbed over with print dope. 
This can be bought ready prepared or made up 
from a mixture of; 

Turpantin* 2 ouncu 50 c.cm. 

Maatic varnish I ounca 25 c.cm. 

Llnsaad oil I ounca 25 c.cm. 

The materials must be of good quality and pur- 

chased from an artists’ colourman. 

After the print has been treated with this 
medium, care being taken to go over the whole 
surface, the pigment can be applied in the form 
of good quality artists' oil colours or those 
supplied for the bromoil process. 

The colours must harmonize with the colour 
of the print. Brown-black suitable for bromide 
prints on warm tone papers can be made by 


mixing black with a small amount of burnt 
sienna. 

A little of the pigment is squeezed from the 
tube on a sheet of clean glass and mixed with 
a small quantity of the medium. The mixing is 
done with the flat blade of a knife and care 
taken not to have the colour too strong. 

A plug of cotton wool is rubbed into the mix- 
ture and lightly rubbed on to the print to apply 
the colour as evenly as possible. If it has been 
properly mixed this is not difficult. A second 
piece of clean cotton wool is then used to work 
the colour well into the print, and to remove 
any surplus. 

The colour should be even; if there are 
patches of uneven density or colour the whole 
will have to be wiped off with cotton wool 
saturated with the medium or pure turpentine, 
and a fresh start made. 

Any modification of the print may then be 
proceeded with. Using a tuft of cotton wool 
lightly moistened with the medium, the high- 
lights that are to be reduced are wiped over. 
Any points of light, such as shafts of sunshine 
or the catch lights in the eyes of a portrait, are 
brightened up with cotton wool wrapped round 
the point of a small stick. Cloud form can be 
emphasized by using larger pieces of cotton 
wool. Any sharp outlines left can be smoothed 
out by gentle rubbing with clean wool so that 
one area will merge into the other. Local areas 
can be made darker with more pigment applied 
on cotton wool on a pointed stick. R.M.F. 

See fcho : Doping prints; Retouching. 

ONE SHOT COLOUR CAMERA. Special 
type of camera used for making three-colour 
separation negatives with a single exposure. 

See also: Colour camera. 

OPACITY. Anything which transmits (e.g., a 
photographic silver deposit) 1/xth part of the 
light falling on it, is said to have an opacity 
of x. The reciprocal 1 /x is called the trans- 
parency, and the logarithm log x is known as 
the density. 

See also: Density . 

OPAL GLASS. Glass which has a translucent 
opal tint throughout its thickness, as opposed 
to flashed opal which is opal on one surface 
only. It is used as a diffuser in enlargers, 
photometers and other optical systems. 

OPAL LAMP. Ordinary filament lamp with 
an opal glass bulb. When maximum diffusion is 
required, this bulb is better than those which 
are merely sprayed or frosted on one surface. 

OPALOTYPE. Obsolete, once popular, type 
of print made by transferring a carbon process 
image on to translucent opal glass or by print- 
ing direct on to a bromide emulsion ready 
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coated on opal glass. Such prints were often 
finished by mounting them on plush in gilt 
frames or with elaborate coloured borders. 

See also: Obsoleteprinting processes. 

OPEN FLASH. Flash technique in which 
the camera shutter is held open while the 
flash is fired. In open flash, the duration of 
the exposure is governed by the burning time 
of the flash bulb or flash powder. 

See also: Flash synchronization. 

OPHTHALMIC PHOTOGRAPHY. Elemen- 
tary ophthalmic photography is within the 
province of nearly every medical photographer. 
When the needs of the ophthalmologist alone 
are to be met, certain specialized cameras and 
apparatus rather than routine studio equip- 
ment are essential. 

Choice of general equipment is largely 
determined by the areas to be covered which, 
in the main, range from head-and-shoulders to 
part of a single eye. By virtue of this restricted 
range, much useful work can be done with 35 
mm. cameras and materials; many small 
units favour this approach since the use of 
monochrome and colour reversal stock almost 
eliminates darkroom work. The following notes 
apply equally to large or small negative sizes. 

Success in ophthalmic photography depends 
upon attention to the following four points : 

(1) - Comfortable, but firm fixation of the 
head of the patient and in turn the direction of 
gaze of the eye. The former is achieved by a 
headrest; the latter by providing a fixation 
point — usually a small, bright, movable ligth. 

(2) The use of intense short duration illumin- 
ation (i.e., flash) to minimize discomfort, arrest 
movement, and permit the use of the smallest 
possible lens aperture. The last two features 
are particularly important when working at a 
scale of 1 : 1 or greater, as will often be the case. 

(3) Hie control of reflections. The surface of 
the eye presents a wet, shiny surface which in- 
conveniently reflects an image of any light 
source directed upon it or any bright object 
placed in its vicinity. Hie aim is therefore to 
use a single light source in dim surroundings; 
the size and position of the single reflex which 
results is carefully adjusted to avoid obscuring 
a point of interest. 

(4) Whenever possible, photographs should 
be made to a definite scale, which will depend 
upon the area involved. Thus scale may vary 
from a reduction of 1 : 3 for a head and 
shoulders to a magnification of 3 : 1 in the 
case of a single eye. These figures relate to a 
finished print size of 4} x 6 i ins. which is 
usually adequate. 

Sensitized materials employed in ophthalmic 
photography are strictly conventional; uses are 
to be found for 35 mm. colour materials. In the 
larger sizes medium speed orthochromatic film 
is recommended for general purposes, with 


OPH 

high speed softer contrast panchromatic film 
on occasions. 

General Technique. External photography of 
the patient falls broadly into the following 
categories, on which choice of equipment is 
based: 

(1) Head and shoulders — to show general 
appearance, head tilt or ocular torticollis. 

(2) Face only — to show distribution of 
lesions in relation to the eyes. Here the avoi- 
dance of distortion is of importance. 

(3) Both eyes — mainly to compare one eye 
with another or to demonstrate a bilateral 
lesion in moderate detail only. This is also the 
standard pose for eye movement studies in 
which the nine positions of gaze are frequently 
recorded. 

(4) Single eye: a close-up view of one eye 
only is invariably required to record adequately 
all but gross lesions of the external eye and 
anterior chamber. A magnification of at least 
2 x to 3 x should be presented in the final print, 
and it is therefore desirable that at least half 
this magnification is obtained at the negative 
stage. 

(5) Macrophotography of the eye: it will 
sometimes be necessary to make photographs 
of a portion of the eye to simulate the appear- 
ance through a low-power microscope. This is 
better achieved by using a short focus lens at 
great extension rather than through a com- 
pound microscope. 

All the above work may be carried out with 
any camera capable of triple extension — by 
means of bellows or extension tubes — together 
with a range of lenses. For example, a 4 x 5 
ins. camera should be provided with lenses of 
2, 5 and 8 ins. focal length, whereas 35, 50 
and 90 mm. lenses will be found most suitable 
for use with a 35 mm. camera. 

A single lens reflex is probably ideal for 
these purposes, but conventional film and 



OPHTHALMIC TABLE. Universal table far ophthalmic photo- 
graphy with head rest for pat ent and central geometric stand 
for positioning camera equipment. 
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plate cameras will serve almost equally well. As 
camera requirements may be expressed in terms 
of a series of fixed extensions, much can be 
done with simple fixed-focus equipment which 
facilitates standardization of results. 

Other necessities comprise a specially con- 
structed table on which are mounted a head- 
rest for the patient at one end, and a movable 
geometric stand which acts as the camera 
support. This latter may be slid on guide rails 
the whole length of the table and thus, with a 
range of lenses, all the areas referred to above 
can be embraced by this excursion; the stand 
itself also provides fine adjustment of camera 
position in three planes 

Lighting. As already indicated, some form of 
flash illumination should be employed. As 
such sources are likely to be used in fairly 
close proximity to the eye, they must be well 
shielded. 

A single 500 watt focusing spotlight is 
sufficient to provide general illumination for 
setting up and focusing as well as for cinema- 
tography when the use of a single light source 
is desirable. If electronic flash is chosen as the 
exposing source one flash head capable of dis- 
sipating 200 joules is essential and two may be 
an advantage on occasion. 

Reflectors should be detachable to restrict 
the effective size of the light source at close 
quarters. 

At all times the source of illumination should 
be kept at the greatest possible distance from 
the subject consistent with correct exposure at a 
nominal lens aperture of / 32. With a medium- 
speed orthochromatic material this distance 
will vary from about 3 feet for a whole head to 
15 ins. for a single eye and even less for 
macrophotography. 

A 200 joule electronic flash outfit has barely 
enough light output for photography of the 
eye in colour, although the spectral emission is 
well matched to daylight colour film. Marked 
lens apertures will now range from / 8 to 
/5- 6 as the position of the light sourcs— held, 
say, at the lens panel — and the degree of camera 
extension vary over distances from 1 to 3 feet 

Conditions more nearly approaching the 
desiderata outlined above may be attained by 
the use of expendable flash bulbs; this method is, 
however, relatively expensive. 

Cinematography. The motion picture has a 
special place in ophthalmic photography. In 
the studio it is used for the study of eye move- 
ments, pupillometry and in the recording of 
such phenomena as nystagmus. In many in- 
stances use may be made of the time-compres- 
sion and time-extension properties (fast and 
slow motion) of this medium. 

In the operating theatre cinematography can 
record and reproduce a view of surgical pro- 
cedures which is otherwise seen only by the 
surgeon himself. 

The use of two 500 watt spotlights, each 6 
feet distant, permits exposures on artificial 


light 16 mm. reversal colour film at 16 f.p.s. 
using a lens aperture of / 4. This level of illu- 
mination does not distress patient or surgeon 
and does not promote undue drying of exposed 
surfaces. For such work, the camera should be 
mounted about 30 ins. vertically above the 
face of the supine patient and roughly on a 
level with the chin: at this distance a 15 mm. 
lens will accept a general view and a 102 mm. 
lens enables the frame to be filled by a single 
eye. Apart from these special points standard 
cinematographic practice is observed. 

Retin ography. Photography of the fundus oculi 
can, as yet, only be undertaken with specialized 
equipment such as a fundus camera. Briefly, 
the periphery of a large aspheric objective 
directs near-axial illumination through the 
pupil of the eye, thus illuminating a portion of 
the retina. The emergent rays are brought to a 
focus by the central portion of the objective to 
form an aerial image of the retina which is 
picked up and magnified by a small peflex 
camera integral with the instrument. 

Light sources for this type of work have 
varied from the carbon arc to an incandescent 
lamp with an ann ular filament. The latest 
development in this respect is the use of the 
xenon arc lamp which enables colour photo- 
graphs to be made at an exposure time of as 
little as 1 / 25 second. 

Keratography. This is a technique for producing 
photographs which provide inf onnation regard- 
ing the surface and curvature of the cornea. By 
suitable calibration of the photo-keratoscope 
which makes these records, the radius of curva- 
ture of different parts of the cornea may be 
directly measured. The method is also of value 
in the diagnosis of early keratoconus. 

Essentially, a large illuminated target is placed 
a short distance in front of the eye under exami- 
nation; a fixed-focus camera whose lens mount 
protrudes through the centre of the target, 
records the image of this target, which is 
mirrored by the cornea. The system is so 
ananged that when the target, which carries 
a geometric pattern, is at its optimum working 
distance the reflected image will also be in 
sharp focus at the film plane. Commonly the 
illuminated target consists of a series of concen- 
tric rings which, when reflected by a perfectly 
spherical surface of appropriate radius, appear 
to be equally spaced and uniform in thickness. 
In keratography, the size of the rings bears a 
definite relationship to the radius of curvature of 
the cornea and local surface irregularities are 
indicated by breaks in the rings or distortion of 
the image. 

Various other experimental techniques have 
been tried from time to time. Stereoscopic 
photography, for example, has its applications 
and ingenious cameras have been designed for 
this purpose. This particular technique has 
been used with effect to photograph the angle 
of the anterior c ham ber as seen through a 
gonioscope. 
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In gonioscopy, however, as in the recording 
of biomicroscopic appearances with sGt-lamp 
illumination, the ophthalmic artist has pride 
of place. P.H. 

See also: Medical photography. 

Books: A System of Ophthalmic Illustration, by P. 
Hansell (Oxford and Springfield, U.S.A.); Medical Photo- 
graphy, by T. A, Longmore (London). 

OPTICAL AFTERTREATMENT. Optical 
methods of negative aftertreatment are used 
f or adjusting contrast and f or intensification. 
Copying to Adjust Contrast. If a negative lacks 
contrast, one way out of the difficulty is to 
make a duplicate and add extra contrast in 
the process of duplication. The same process 
can be used to produce a duplicate with a 
lower contrast than the original if the original 
negative has too much contrast. This cuts out 
all risk of ruining the negative during after- 
treatment. 

The duplicate negative may be made by 
contact printing or copying in the camera. In 
each case it is first used to produce a positive 
transparency from which the duplicate is 
obtained by repeating the same process. 

The contrast of the original negative is 
decreased in the duplicate by using a soft 
gradation lantern plate (for contact printing) 
or a soft negative material in the camera 
(during copying). A soft working developer 
for the intermediate positive and/or the 
duplicate negative will have the same effect. 

The contrast of excessively soft negatives is 
increased by using a hard lantern plate or 
process material in the camera, and/or de- 
veloping in a contrast developer of the caustic 
hydroquinone type. This is the method often 
adopted for making tone separation negatives 
for posterizing. 

Copying for Intensification. Grossly under- 
exposed negatives often have only a very faint 
ghost image in the shadow regions. This is 
much too thin either to print in the normal 
way or to respond to intensification. 

But even a thin image shows up clearly if it 
is viewed against a dark or black background 
by oblique lighting. The visual effect of the 
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OPTICAL INTENSIFICATION. The negative, too thin for print- 
ing, It halogenixed, and copied In front of a black background, 
by abHque Illumination. The copy negative shows greatly 
improved shadow detail brought out by scattered light. 


OPT 

Image is considerably intensified when the 
negative is looked at in this way. 

This effect can be utilized by copying the 
negative by this type of lighting. The principle 
of the lighting set-up is similar to that of dark 
ground illumination in photomicrography. 

The negative to be copied is mounted in a 
frame with an aperture just large enough to 
take the negative. The frame is set up a short 
distance in front of a black background — e.g., a 
piece of black velvet, or a door opened on to 
a darkened room — and illuminated by a pair 
of spotlights, one pointing from each side of 
the negative and striking it at an oblique angle 
from the front. The camera is set up opposite 
the negative so that it looks through it at the 
black background. 

Under these conditions the faint image will 
appear as a positive image, and straight- 
forward copying in the camera will directly 
produce a duplicate negative. This negative 
usually shows shadow tones in sufficient 
strength for normal printing or enlarging. 

The visual effect of the image can, if neces- 
sary, be further increased by bleaching the 
original negative in a halogenizing bleacher — 
e.g., copper sulphate. L.A.M. 

See also: Contrast control; Duplicate negatives; Masking. 

OPTICAL AXIS. Axis of symmetry of an opti- 
cal system — e.g., of an assembly of glasses 
making up an objective or a projection system. 

See also: Lens. 

OPTICAL BENCH. Basic laboratory device 
for measuring the performance of lenses. It 
consists of a long wooden or metal track carry- 
ing accurately centred supports for a light 
source, the lens under test, and a screen on 
which the image of the light source formed by 
the lens can be examined. 

The optical bench may also be used for 
photometry by mounting a Bunsen photometer 
in the centre of the bench with light sources 
for comparison mounted on slides at either side. 

The performance and characteristics of con- 
cave mirrors may be investigated on the optical 
bench in the same way as lenses except that the 
screen on which the image is formed is on the 
same side of the mirror as the object (usually a 
fine wire grid in front of a diffused light 
source). In this case the screen must be shielded 
from the direct rays of the source so that it 
receives only the image forming rays from the 
mirror. So the screen must lie slightly to one 
side of, or above, the optical axis and the angle 
of the reflected ray must be taken into account 
when measuring the various separations. 

These are the basic essentials, but there Is 
provision for adding other measuring or optical 
equipment. The distances between all the items 
can be varied, without moving them off the 
common optical axis, by sliding the supports 
along the track. 
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OPTICAL CALCULATIONS 


The symbols used in the following equations 
are collected and defined as follows: 

F = Focal length of a complete lens system 
(total focal length). 

f, = Focal length of the first component of a 
two-component system. 

f, = Focal length of the second component of 
a two-component system. 

P = Power of a lens in diopters. 

S = Axial separation between two com- 
ponents. 

u = Conjugate distance between the front 
nodal point of a lens and the object (in 
an enlarger the object is the negative), 
v = Conjugate distance between the rear 
nodal point of a lens and the image (in 
an enlarger the image is the copy board). 
D = Distance between object and image 
ignoring nodal point separation = sum 
of conjugate distances = (u + v). 

0 = Size of object (linear). 

1 = Size of image (linear). 

M = Optical magnification = 

size of image _ I_ v 1 
— size of object — O = u = R 
R ■= Optical reduction 

size of object <D _ u 1 
size of image ' I v = Ni" 
d = Effective clear diameter of a lens. 


n = Relative aperture or /-number = j— 

c = Diameter of circle of confusion. 

H = Hyperfocal distance. 

L = Movement of lens system along its axis. 

POSITIONS OF LENSES AND FOCAL PLANES 
The fundamental equation is 

i = 1+1 

F u + v 

Several rearrangements of the parent equa- 
tion are possible but the following are selected 
as being the most convenient in use. 

Focal Length. The focal length required by 
conditions of use can be defined in terms of any 
two of the following factors: object distance, 
image distance, magnification or reduction, 
sum of conjugate distances. 

_ uv u Rv 

- (u + v) — (R + 1) “ (R + 1) 

Mu v DR 

(M^F 1) ~ (M + f) “ (R + 1)* 

DM 

' (M + 1)‘ 

Object Distance (e.g., closest distance in 

rnnvino Ipnc npoatiup Histanrp in pnlaroino^ 



SYMBOLS AND DIMENSIONS. Top: Lens combinations. N tl front nodal point of combination. N tl rear nodal point of combination. 
S, separation between components (f rom rear nodal point of first to front nodal point of second unit), f., focal length of front com- 
ponent. f lP focal length of rear component. F, effective focal length of complete lens system. Centre: Object and image. O, object 
size. I, Image size. U, object distance (to front nodal point). V, Image distance (from rear nodal point). D, object-image distance, 
Ignoring nodal point separation. Bottom: Aperture and sharpness, d, effective clear diameter of lens. C, circle of confusion. 


784 


OPT 


This can be determined if two of the following 
factors are known: focal length, image dis- 
tance, magnification or reduction, sum of the 
conjugate distances. 


vF = F(R + 1) = F(M 


(v - F) 
DR 


+ 1 ) 


M 


D 


(R + 1) _ (M + 1) 


Image Distance (e.g., total camera extension in 
copying, lens-paper distance in enlarging). 
This can be determined if two of the following 
factors are known: focal length, object dis- 
tance, magnification or reduction, sum of the 
conjugate distances. 


v 


uF 

(u - F) 


F(R + 1) 

R — 


= F(M + 1) 


D DM 

(R +1) (M + 1) 

Magnification or Reduction. This can be 
determined from two of the following factors: 
object distance or size, image distance or size, 
focal length or sum of conjugate distances: 



(v — F) v 
F “(D - v) 


F _ (D - u) 
(u — F) = u 


O^u = F = (D - v) 
I ” v (v — F) — v 
_ (u — F) __ u 
~ F (D - u) 



OM = — 


Ov 

u 


0(V - F) 
F 


Ov OF Q(D — u) 

— (D — v) ~~ (u — F) “ u 
Space does not permit examples for every 
variation of the fundamental equation but the 
following will indicate the manner of use. 

Example 1. What focal length of lens is 
required to form a half -size image of an object 
if object-image distance is fixed at 9 ins. 7 


D = 9; R = 2 
DR 9x2 18 

(R + 1) J " (2 + 1)* _ 9 _ 2 ,ns ‘ 


Example 2. What are the conjugate distances 
of a 4 ins. focal length enlarging lens working 
at 5 times enlargement ? 

F = 4; M = 5 


u = F(M+J)= + 0 = 2 y 4 = 4 - 8 ins. 

v = F(M + 1) = 4(5 + 1) = 24 0 ins. 


Example 3. What is the focal length of a 
lens with conjugate distances 30 and 6 ins. ? 
u = 30; v = 6 
uv 30 x 6 RiO 
"36" 


F = 


= 5 ins. 


(u + v) 30 + 6 
Example 4. What is the distance between a 
lens and its image plane if the focal length is 
20 ins. and the object 10 feet from the lens? 

F = 20; u = 120 


Conjugate Sum (e.g., total height of a negative 
above the baseboard in an enlarger). This 
requires two of the following factors: focal 
length, object distance, image distance, magni- 
fication, or reduction. 

„ _ F(M + »■ F(R + 1)* _ v(M + 1) 
U ~ M R " M 

- v(R + 1) = u(M + 1) = U (R ft 0 

= U + V 


Object Size (e.g., field size covered in close- 
ups or copying). This can be determined from 
the magnification or reduction and the image 
size, or from the latter with two of the following 
factors: image distance, object distance, sum 
of coqjugate distances, focal length. 


O 


, I IF _ I(D - v) 

* ~ M _ (v — F) v 

I(u — F) _ Iu _ Iu 

F ” (D - u) “ v 


Image Size (e.g., screen dimensions required in 
projection). This can be determined from the 
magnification or reduction and the object size, 
or the latter together with two of the following 
factors : image distance, object distance, sum of 
coqjugate distances, focal length. 



120 x 20 
120 - 20 


2400 

100 


= 24 ins. 


Example 5. What is the maximum magni- 
fication possible in an enlarger with a base- 
board lens distance of 36 ins. and a focal 
length of 4 ins. ? 


v = 36; F = 4 

x, (v - F) (36 - 4) „ .. 

F 4 

Example 6. What is the field width covered 
when copying with a 5 ins. lens at 30 ins. 
from the object, on a negative 2i ins. wide? 

F = 5; u = 30; I = 2i 
o = I(u-^ = 2K30— 5) , 2ix5 

= 11J ins. 


COMBINATIONS OF LENSES 


Total Focal Length (e.g., effective focal length 
with a supplementary lens). The focal length 
of a combination of two lens components is 
dependent on the focal length of each com- 
ponent and the separation between them. 


F = 


(fi + f, - S) 
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Focal Length of One Component If the focal 
length of one component (e.g., camera lens) of a 
two-component system is fixed, the f ocal length 
of the other (e.g., supplementary lens) needed 
for a given total focal length for the combina- 
tion is defined by the equations: 

, F(fi ~ S) 

1 " (f. - F) 


, F(f, - S) 

' “ (fi - F) 

These focal lengths are positive when the lens 
is collective, and negative when dispersive. 

If the focal length of one component (e.g., 
the supplementary lens) is known in diopters, 
the equation becomes : 

f _ F(100/P - S) 
h ~ (100/P - F) cm - 


f, = 


FQ9-37/P - S) . 
(39-37/P - F) 1B 


Axial Separation. The separation between two 
lens components of given focal length which 
will provide a given total focal length for the 
combination is defined by the equation : 

S - f, + f, - { ~ 

Here again the focal lengths are positive for 
collective, and negative for dispersive, lenses. 

If only approximate focal lengths are re- 
quired in the previous equations and the two 
components are placed very close together 
(e.g., a supplementary lens mounted on a 
camera lens) S can be ignored, and the previous 
equations become: 


F = 

f. - 


fif. 


(fi + f.) 
Ff, 

■f.- F 


and so on. 

Object Distance with Supplementary Lenses. 
When the camera lens is focused on infinity, 
and a supplementary lens f a is added, the 
object distance for a sharp image becomes : 


u = f. 

The distance is thus independent of f a or 
F, or S. This does not apply when the camera 
lens is focused on nearer objects; in that case 
the combination has to be calculated. 

Example 7. What is the focal length of the 
combination of two collective lenses with focal 
lengths 4 ins. and 9 ins. if the separation 
between their nodal points is 1 in. 7 

fi = +4; f, = +9; S = 1 

t, _ V. 4x9 _ 36 

(fi + f. - S) “ (4 + 9 - 1) “ 12 
= + 3 ins. 

Example 8. What is F in example 7 if the 
9 ins. lens is dispersive? 

fi - + 4; f, - - 9; S = 1 


F _ f,f. 4 x ( - 9) 

* “ tfi + f, - S) “ (4 + ( - 9) - 1) 

-36 , ,. 

= = + 6 ms. 


Example 9. In a telephoto system com- 
prising a front collective lens of 5 ins. focal 
length and a rear dispersive lens of 6 ins. 
what is the separation between their nodal 
points to produce a 10 ins. combination 7 
f, = + 5;f, = - 6; F = + 10 

S = fi + f, — = (+ 5) + (- 6) 


5 x (- 6) _ , - 30 _ 

+ 10 1 +10 

= 2 ins. 


-1 + 3 


Example 10. What is the maximum focal 
length of supplementary lens required to 
shorten the focal length of a 4 ins. lens so 
that it can focus on an object 10 ins. from 
the lens maintaining a camera extension or v 
dimension less than 5 ins. 7 


f, = 4; u = 10; v = 5; assume S to be 
negligible 

uv 10 x 5 50 

15 


F = 


fi = 


(u + v) 10 
F(f, - S) 

(f . - F) “ 
40 3 

3 x 2 


+ 5 
34(4 - 0) 
“4-34 

= 20 ins. 


JU .. . 

= -n- = 34 ins. 


in 

I 


EOCUSING MOVEMENTS 


Lens Movement. The forward movement of a 
lens to focus sharply a near object can be 
defined in terms of the distance of the object 
and the focal length of the lens. This movement 
is measured from the position in which the 
lens focuses sharply an infinitely distant object. 
Object Distance. If a lens is moved forward by a 
known amount from the position in which it 
focuses an infinitely distant object, the position 
of an object which will be sharply focused can 
be defined in terms of this movement and the 
focal length of the lens. In the case of cameras 
where object distances are intended to be 
measured from the focal plane instead of the 
node of the lens, the object distance can be 
denoted by the symbol Up. 

When u, the object distance, is measured from 
the front nodal point of the lens system : 


L = 


(u- F) 


FI 

O 


Fv 

u 


J F(F + L) 
and u — — — £ — — 

When Up is measured from the focal plane 
the equation is : 

_ Up - 2F - yup 1 - 4FUp 
and Up = (F+_y 
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An approximate equation which can be 
used for most practical purposes is : 


Magnification and Camera Extension. The 
maximum enlargement obtainable from a 
given camera extension (i.e., focusing move- 
ment in front of the infinity position) is: 



Conversely, the extension required for a 
given magnification is: 

L = FM 

Example 11. In a camera where object dis- 
tances are measured from the lens node, what 
is the focusing movement from the infinity 
position for a 6 ins. lens to focus at 8 feet? 

F = 6; u - 96 

, F* 6* 36 „ , . 

L “ (u - F) “ (96 - 6) ” 90 - 0 4 ms ‘ 

Example 12. In a camera where object dis- 
tances are measured from the focal plane, what 
is the forward focusing movement of a 5 ins. 
lens to focus an object 3 feet? 

F = 5; Up = 36 

, Up - 2F - \/"Up 8 - 4FUp 

L — s 



_ 26 - V576 
“ 2 
_ 26 - 24 
“ 2 
= 1 in. 

The approximate equation gives : 

P 25 25 

(Up - 2F) 36 - 10 26 

= 0-962 ins. 


Example 13. What is the forward focusing 
movement from the infinity position required 
for copying at a reduction of 3 x (i.e., a magni- 
fication of I) with a 12 cm. lens? 

F = 12; M = i 
L = FM = 12 x i = 4cm. 


Focusing Movements with Supplementary 
Lenses. If the total focal length of the com- 
bination of a camera lens and a supplementary 
lens is computed as described in the section on 
Combinations of Lenses, all the equations in 
the other sections can be used to determine the 
behaviour of supplementary lenses. 

Alternatively, the following simplified proce- 
dure will yield information on the focusing 
movements using supplementary lenses. 

When a camera is focused on infinity, the 
distance focused on when a supplementary 


lens is put in front of the camera lens is equal 
to the focal length of the supplementary lens. 
This distance should be measured from the 
supplementary lens. 

The focal length in inches of a supplemen- 
tary lens whose power is expressed in diopters 
is equivalent to 39-37 divided by the number 
of diopters. 

Thus the distance focused on when a two- 
diopter positive supplementary lens is posi- 
tioned in front of a camera lens focused on 
infinity is 39-37 H- 2 = 19-7 ins. 

When a camera is not focused on infini ty, 
the new object distance, Us, when using a 
supplementary lens can be determined if the 
focal length of the supplementary lens, f„ and 
the focused object distance, u, of the camera 
lens alone is known. 

Assuming negligible separation between the 
two lenses, the equation is: 


Us 


Ufj 

u + f» 


Example 14. A camera is sharply focused on 
an object 5 feet from its lens. If a 1 diopter 
positive supplementary lens is placed in front 
of the camera lens, what is the new object 
distance which is sharply in focus ? 


u = 60; f, = 39-37 


Us 


uf, 60 x 39-37 2362-2 

u + f, ~ 60 + 39-37 " 99-37 


= 23i ins. 


DEPTH OF FOCUS AND DEPTH OF FIELD 

The numerous equations under the above 
heading are all based on the assumption that 
some degradation of definition is permissible 
in the recorded images of objects not sharply 
in focus. The criterion of permissible unsharp- 
ness is the circle of confusion. 

Circle of Confusion. The diameter of the circle 
of confusion defines in an arbitrary manner the 
degradation of definition that can be accepted 
for a particular purpose. A perfect lens can 
record pin-point images of pin-point objects at 
the distance sharply focused upon. Point ob- 
jects at other distances are recorded as circular 
patches, or circles of confusion, instead of 
true point images. In photographs to be viewed 
at an eye distance of about 10 ins. it is con- 
sidered that circles of confusion less than -005 
in. in diameter are indistinguishable from 
true points. The circle of confusion which can 
be allowed in the negative should be chosen 
with respect to the degree of subsequent en- 
largement, if any, and to the probable viewing 
distance of the print. Many depth of field 
tables are based on the acceptance of a circle 
of confusion whose diameter is equivalent to 
the focal length of the lens divided by 1,000. 
Depth of Focus. The permissible tolerances in 
the distance between a lens and the sensitive 
emulsion, i.e., depth of focus, are : 
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Permissible tolerance = cn 


cun 


For near objects this becomes : 

CVD 

Permissible tolerance = -p- *> _ p) 

These tolerances for depth of focus ignore 
any considerations of depth of field and should 
therefore be reduced as much as possible. 

Near and Far Limits. The size of the circle of 
confusion and thus the degradation of defini- 
tion increases gradually as the object distance 
is increased or decreased from the ideal 
shaply focused distance. If the degree of degra- 
dation of definition that can be permitted is 
defined in terms of the size of the circle of 
confusion, the near and far limits and thus the 
depth of field within which the object distance 
may vary can be determined from equations 
involving knowledge of the focal length of the 
camera lens, the relative aperture at which it 
will be used, and the object distance at which 
it is sharply focused. 

The fundamental equations for depth of 
field are: 

U! = Nearest distance in focus 
_ Fu(F + cn) 

— (F* + ucn) 

U, = Farthest distance in focus 
_ Fu(F — cn) 

— (F* — ucn) 

Taking c as 1/1000 of the focal length, the 
equations become 

uF(l + n/1000) 

(F + nu/1000) 
uF(l - n/1000) 

Uj ~ (F - nu/1000) 

Ignoring the fraction n/1000 as negligible 
compared with 1 further simplification gives 
the approximate equations : 
uF 

Ui = 


u. = 


U, = 


F + nu/1000 
uF 

F - nu/1000 


For most practical purposes especially where 
u is large relative to F, depth calculations may 
be simplified by first computing the hyperfocal 
distance and proceeding from there. 

Hyperfocal Distance. This is the nearest dis- 
tance in focus when the lens is precisely focused 
for an infinitely distant object. 

p 

h = f + 5 ? 


U» are fixed then the lens must be focused on a 
distance u such that : 


2U, U, 
(U, + Vd 


and the aperture must not be wider than 
n - (U» ~ Ui)P 
2U, U, C 


whenu is large compared with F. 

Total Depth. When the lens is set at short 
copying conjugate distances the depth of 
field is small and it is sufficient to compute the 
total depth of field between the near and far 
limits instead of each limit separately. 

Total depth (far to near) 

= (u, - uj - - 2cn( ^l +1) = 2cnR(R + 1) 


Example IS. A miniature camera mounts 
interchangeable /2 lenses. What is the per- 
missible tolerance on the distance between lens 
and emulsion if the circle of confusion must not 
exceed -002 in. ? 

c = 002; n = 2 

Tolerance = cn = -002 x 2 = -004 ins. 


To maintain this tolerance with any of the 
lenses the seating face on the camera and also 
the shoulders on each individual lens must be 
held to not more than half this, i.e., -002 ins. 

These tolerances must be reduced appre- 
ciably if the performance expected from the 
use of depth of field tables is to be obtained. 

Example 16. What is the depth of field of a 
2 ins. lens working at / 4 and focused on an 
object at 3 feet (36 ins.) from the lens if the 
permissible circle of confusion is -002 ins. ? 


u = 36; F = 2; n = 4; c = 002 
Fu(F + cn) 2 x 36(2 + 008) 
(P + ucn) 4 + -288 

72 x 2 008 144-576 

4-288 4-288 JJ ' /lns - 


Fu(F — cn) 

u » - (P _ ucn ) 

72 x 1 -992 _ 
- 3-712 


2 x 36(2 - -008) 


4 - 
143-424 
3-712 


288 
= 38.6 ins. 


The approximate method gives: 


H = F +Fc = 2 + = 502inS - 

and 

Hu _ 502 x 36 18072 

u * - (H + u) - 502 + 36 “ “53T 


U, = Nearest distance in focus 

Hu Hu 

“ (R + u - ~F) or aPProx. = 

Uj = Farthest distance in focus 
Hu Hu 

= (H-u- F) or approx ' = (H^lO 
If the nearest and farthest distances U t and 


= 33-6 ins. 

Hu 502 x 36 _ 18072 
u * - (H - u) - 502 - 36 466 

= 38-8 ins. 

Example 17. If two objects are positioned 
4 feet and 5 feet from a 5 ins. lens, what 
object distance should be focused upon and 
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what is the widest relative aperture to yield a 
standard of definition corresponding to a circle 
of conf usion of -004 ins. 7 

u, = 48; u, = 60; F = 5; c = 004 
2uj u 8 2 x 48 x 60 5760 

“ (u x + u 8 ) 48 + 60 108 

= 53 i ins. 

and 

_ (u, - u t )F _ (60 - 48) x 5* 

n — 2uj UjC 2 x 48 X 60 x -004 
12 x 25 300 

= 96 x -24 “ 23 04 1 


Example 18. How much depth of field can be 
expected when a lens working at / 4 copies an 
object at half size reduction and the criterion 
for sharpness corresponds to a circle of con- 
f usion of -002 ins. 7 

c = 002; n = 4; R = 2 
Total depth = (u, — u,) = 2cnR(R + 1) 

= 2 x -002 x 4 x 2(2 + 1) 

= 032 x 3 

= -096 ins. G.H.C. 

See also: Depth of field; Depth of focus; Extension of 
camera; Extension lubes; Magnification; Supplementary 
lenses. 

Books: Introduction to Applied Optics (2 vols), by L. C. 
Marlin (London); Photographic Optics, by A. Cox 
(London). 


OPTICAL CONTACT. Contact between two 
surfaces signifying that there is no space left 
between them; when two transparent surfaces 
— e.g., the components of a lens — are in optical 
contact the join thereafter behaves as though it 
were a single surface separating the two 
components. 

OPTICAL FLATS. Filters and other optical 
elements made to a specially high degree of 
accuracy with both surfaces absolutely flat and 
parallel. Filters used for particularly exact 
photography must be optical flats but they are 
unnecessarily accurate— and expensive — for 
normal photography. 

In practice, minute errors still occur in the 
accuracy of optical flats. Departures from 
flatness are expressed in terms of light wave- 
lengths, and from parallelism in terms of 
minutes or seconds of arc. 

OPTICAL GLASS. The modem photographic 
lens uses a variety of glasses for its construc- 
tion and in providing glasses of the appropriate 
properties, many stringent requirements have 
to be met. 

Ideally a lens should reproduce a point as a 
point and a straight line as a straight line in the 
plane of the photographic plate even though 
the various parts of the subject are at differing 
distances from the lens. In practice a simple 
lens departs from the ideal, first because 
defects arise from the fact that the lens sur- 
faces are spherical in form and secondly 
because glass itself disperses white light into 
its components of different wavelength and 
thus produces a spectrum instead of a point 
image at its focus. 

In practice the various lens defects or 
aberrations are reduced to a minimum by a 
proper choice of glasses with the appropriate 
curvatures used in combination with one 
another, but at its best the composite lens is a 
compromise between one aberration and 
another. The larger the /-number and the 
greater the curvature of the lens surfaces the 
more difficult it becomes to reduce the aberra- 


tions, and the evolution of the modem photo- 
graphic lens has depended largely on the 
development of glasses with the appropriate 
optical properties. 

Use of Different Glasses. The production of a 
spectrum at the lens focus (chromatic aberra- 
tion) was considered by Newton to be the chief 
obstacle to his design of refracting telescope. 
Between the years 1726 and 1760, Chester 
Moor Hall and John Dollond showed that 
chromatic aberration could be reduced by 
combining a positive lens of a crown glass (low 
refractive index and low dispersion) with a 
negative lens of a flint glass (high refractive 
index and high dispersion). With the glasses 
existing at that time it was possible to achroma- 
tize only for two wavelengths and there re- 
mained a residual chromatic aberration called 
secondary spectrum. 

The history of the development of optical 
glass is largely concerned with attempts to 
produce glasses to give a reduced secondary 
spectrum. The important effects of boron and 
barium in the composition of the glass were 
discovered by Sir George Stokes and the Rev. 
Vernon Harcourt in England, and the effects 
of many other elements were explored syste- 
matically by Abbe and Schott in Germany. 
Many of the glasses so developed had to be 
abandoned but a few glasses were sufficiently 
stable to be produced commercially and by 
their use the apochromatic lens which achro- 
matized at three wavelengths became possible. 
Such glasses had relatively low refractive 
indices so that their use was restricted to a few 
types of lens. 

Homogeneity. The glasses available to Moor 
Hall and Dollond were found to be inhomo- 
geneous and the sharp variations in composi- 
tion, which appeared as striations, rendered 
the glasses unsuitable for optical purposes. The 
process of eliminating the striations by stirring 
the glass in its molten state was investigated by 
a Swiss, P. L. Guinard, in the years 1768 on- 
wards, and this process forms the basis for 
modem optical glass making technique. 
Faraday at the Royal Institution conducted 
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experiments on homogenlzlDg, the glass being 
melted in platinum trays. The methods of 
Gulnand were first tried out on a production 
scale in England In 1 848. 

To achieve the necessary homogeneity and 
precise control of optical properties, each glass 
is melted individually in a crucible or pot and 
usually the whole allowed to cool and crack up. 
The cooling is carried out under controlled 
conditions so that large lumps of glass are 
obtained. The rough lumps of glass are re- 
softened and moulded into slabs so that exami- 
nation can be carried out. Defective glass is 
cut away and the glass sold either as slabs or 
as remoulded lens blanks. In either case the 
gla« must be submitted to a precise annealing 
treatment. 

By a modification of this process the pot 
contents are cast into a large block, after 
stirring, and the block kept whole by careful 
cooling. When cold, the block is polished to 
enable optically good parts to be located and 
these are cut to the required size by diamond 
charged saws and finally reheated and annealed. 
Requirements of Optical Glass. The precise 
requirements of optical glass may be sum- 
marized under five headings. 

(1) The glass must have accurately defined 
values of refractive index and dispersion, 
repeatable from one melt to another for the 
same type of glass. 

(2) Tile glass must be uniform in respect of 
both chemical composition and physical state. 
Uniformity of chemical composition is achieved 
in the stirring process and physical uniformity, 
that is, uniformity of refractive index in a 
glass of a uniform chemical composition, is 
achieved by precise annealing. 

(3) It must transmit as much light as possible 
and must not absorb selectively light of 
different wavelengths. 

(4) It must be as free as possible from 
bubbles. 

(5) It must be as resistant as possible to the 
action of water vapour and other gases present 
in the atmosphere. 


PROPERTIES OF TYPICAL OPTICAL GLASSES 


Tyf* 

Refractive 
Indee (nd) 

V* 

Fluor crowns, borosiliate crowns 
and hard crowns 

1-465-1 -525 

70-59 

Barium crowns 

1-552-1 -657 

63-51 

Barium flints 

1-551-1-700 

55-41 

Flints 

1-542-1-927 

47-21 

Spadal rare earth glaises 

1 -642-1 -744 

50-44 


"The V-value is a measure of the dispersion; it is a 
function of refractive index nd (helium d line) and the 
difference in refractive Index for the hydrogen C-F lines, 


On account of the rather unusual chemical 
composition of many optical glasses it is often 
not possible to achieve all these requirements in 
a particular glass, but clearly the optical pro- 
perties and homogeneity must take first place 
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and the other requirements must follow. It is 
not always possible, for example, to achieve a 
glass of the highest durability because its 
chemical composition has to be such as to give 
abnormal optical characteristics. In such a 
case, it may be necessary to accommodate the 
component at an internal position in the lens 
so that its surfaces are protected. 

Manufacturing Methods. In the melting process 
the problem of obtaining the required chemical 
homogeneity is the most important and several 
factors come into operation in trying to 
achieve it. 

Selective volatilization of the constituents 
and solution of the refractory crucible cause 
composition variations in the melt which have 
to be countered by stirring. The rate of stirring 
is limited because at speeds above a certain 
critical speed, bubbles of air are drawn Into the 
melt. In recent years considerable studies have 
been made of the stirring process and the 
search for more efficient methods of stirring 
is continual. 

The chemical elements which are the most 
effective in producing glasses with extreme 
optical properties are often those which are 
more apt to give trouble through volatilization 
and refractory solution and for this reason the 
types of glass which can be made commercially 
are restricted. 

The colour of the glass also is determined 
largely by the amount of refractory solution 
and the purity of the raw materials available. 

In recent years the use of platinum crucibles 
heated in electric furnaces has enabled im- 
provements to be made to glasses which were 
formerly difficult to make in refractory crucibles. 
At the same time, with the use of platinum 
pots, low dispersion glasses with much higher 
refractive indices than before have been 
developed by incorporating such oxides as 
those of lanthanum and thorium in the glass 
composition. The range of glasses available to 
the optical designer has been extended in this 
way. Such glasses are now used in the most 
modem designs of photographic lenses. 

In America methods have been evolved for 
producing optical glasses by a continuous pro- 
cess. For technical and economic reasons, 
however, such methods are likely to be con- 
fined to the production of glasses required in 
large quantities, and for many types of lens the 
classical method is likely to continue. 

The improvement of existing glasses and the 
development of new glasses involve the solu- 
tion of many interdependent problems which 
are under continual review in the laboratories 
of the optical glass manufacturer. W.M.H. 

See also : Class; Le ns history; Le ns manufacture. 

OPTICAL SENSITIZING. Method of 
extending the spectral sensitivity of an emul- 
sion by the use of dyes. The basis of all ortho 
and pan emulsions. Either the emulsion or the 



coated plate may be treated, and the extra 
sensitivity depends on the dye, e.g., eosine 
will sensitize an “ordinary” blue-sensitive 
plate to yellow light, cyanine will sensitize 
it to red. 

See also: Negative materials; Sensitizer ; Spectral sensi- 
tivity. 


OPTICAL WEDGE. Device used in sensi- 
tometry to measure the effect of a range of 
exposures on a laboratory sample of sensitized 
material. It generally consists of a strip of 
material — glass, celluloid or plastic— covered 
with a pigment or developed silver emulsion 
layer which is clear at one end and gradually 
becomes opaque towards the other. The tran- 
sition from transparent to opaque may take 
place smoothly (continuous wedge), or in 
regular steps, in which case it is called a step 
wedge. 

See also: Wedge. 


OPTICS. Branch of science concerned with the 
behaviour of light. There are three main 
divisions of the subject: physical, physiolo- 
gical and geometrical. The first is concerned 
with the composition and character of light. 
The second is concerned with light in its rela- 
tion to human vision. The third division deals 
with the geometry of the paths followed by 
light rays under particular conditions — e.g., 
when passing through a lens or after reflection 
from a polished surface. 

See also: Colour; Illumination ; Image ; Lens; Light ; 
Mirrors; Optical calculations; Projection principles; 
Refraction; Reflection; Vision. 

ORDINARY EMULSION. Term used to 
describe a “colour-blind” or blue-sensitive 
emulsion to distinguish it from an ortho- 
chromatic or panchromatic emulsion. 

Sec alio: Negative material s; Sensitized materials history. 


ORTHOCHROMATIC. Materials which are 
sensitized to all the visible spectrum with the 
exception of the deep orange and red rays. 
Orthochromatic films are popularly known as 
chrome films. 

See also: I nfr achromatic; Negative materials; Ordinary 
emulsion; Ortho panchromatic; Panchromatic; Spectral 
sensitivity . 

ORTHOPANCHROMATIC. (Correct pan). 
Term used to describe materials sensitized 
to all colours of the visible spectrum but 
with an evenly balanced red sensitivity. In this 
they differ from the excessive red sensitivity of 
some high-speed panchromatic emulsions 
which are produced to give speed as a first 
consideration. 

ORTHO-PHENYLENE DIAMINE. I : 2- 
diaminobenzene; ortho-aminoaniline. Fine 
grain developing agent. 


OST 

Formula and molecular weight: C a H 4 (NH i )i; 
108. 

Characteristics: White crystalline powder. 
Solubility: Fairly soluble in water. 

ORTOL. Developing agent. Now largely 
obsolete. 

Formula and molecular weight: 2(CH a 
NHC a H 1 OH) a H a SO..C a H a (OH) 1 ; 798. 

Characteristics: White powder. In developers 
acts somewhat like metol-hydroquinone. 
Solubility: Fairly soluble in water. 


OSCILLOGRAPH RECORDING. Technique 
of photographing the traces in an oscilloscope. 
Many oscillograph records — in particular those 
of transient phenomena — do not persist long 
enough to permit accurate observation. The 
instrument trace, however, can be recorded 
photographically in various ways, yielding a 
permanent image that can be analysed at 
leisure. 

The method is to photograph the cathode 
ray tube trace with a camera. This can be an 
ordinary still camera with an / 3-5 or / 4-5 
lens for a continuous event, when the electron 
beam follows the same path for an appreciable 
period; or for a single transient event when the 
beam gives one trace only. 

In the first case, the camera exposure can be 
as long as necessary to obtain a satisfactory 
record. In the second case the shutter is opened 
just before the trace occurs and is kept open 
for its duration. This may necessitate a fairly 
wide lens aperture and fast film , particularly 
at high writing speeds of the spot. 

Instead of an ordinary camera a single-shot 
oscilloscope camera may be used for this type 
of recording. 

A special camera is used for recording 
transient events which may occur at an un- 
known instant, or which may be prolonged and 
vary continuously. In this the film is running 
horizontally at constant speed, and the time 
base of the oscilloscope is switched off so that 
the spot moves only up and down. 

Normal photographic films can be used for 
this work, but it is preferable to use the special 
recording films made for the purpose. These 
are suppued in sheet and roll forms. 


See alao: Cathode ray tube traces; Instrument recording. 
Booka: The Photography of Cathode Ray Tube Traces, 
by N. Hendry and W. Nethercot (London); The Photo- 



OSTWALD, WILHELM, 1853-1932. German 
professor of physical chemistry at Leipzig 
University. Introduced a new theory of colour 
and published his Colour Atlas which em- 
bodied a system of colour tabulation commenc- 
ing with pure hues to which were added 
varying proportions of black and white. 
Invented the Katatype process for colour 
prints (1902). Proposed theories on the 
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chemical development of the latent image and 
on the ripening and growth of the grains in an 
emulsion. He received the Nobel Prize for 
Chemistry in 1909. Autobiography: 1926/27. 

OVER-DEVELOPMENT. Fault indicating 
that the developing solution was allowed to 
act too long on the sensitized material to pro- 
duce an acceptable result. 

Negatives. An over-developed negative looks 
dense and contrasty. The shadow detail is 
well graded, but the highlights are clogged and 
extremely dense. Such a negative can easily be 
distinguished from one that has been over- 
exposed but correctly developed. The over- 
exposed negative is dense but flat, and even in 
the darkest areas the shadows are veiled. 

A normal print from an over-developed 
negative is harsh and contrasty; the shadows 
print out in solid black and the highlights are 
chalky and featureless. 

Assuming that the developer is correctly 
mixed and fresh, over-development may be 
caused by errors in working out the develop- 
ment time for the particular combination of 
sensitized material and developer. Or it may 
be due to faulty timing or to over-agitation. 
Other possible causes are that the developer 
concentration was too high, or the development 
time did not allow for a temperature change. 

When developing by inspection, over- 
development may be due to the photographer’s 
inability to judge the appearance of a fully 
developed negative. 

An over-developed negative may be bleached 
and redeveloped, as in intensifying, or it may 
be reduced by a suitable reducing bath. The 
exact treatment adopted will depend on the 
contrast of the negative, a different method 
being adopted according to whether the con- 
trast is to be unchanged or reduced. 

If the amount of over-development is slight, 
it may be sufficient to print on a soft grade of 
paper. In this case the increased density of the 
negative is generally offset by the higher speed 
of the soft paper. 

Over-development can be avoided by mixing 
and using the developer according to the 
maker's instructions and by using a reliable 
developing chart which takes into account the 
differences in all the current kinds of sensitized 
material and developer, and makes allowances 
for temperature, agitation, age, and exhaustion 
of the solution. 

When developing by time and temperature it 
is always advisable to work to a darkroom timer 
that rings a bell at the end of the required 
development period. 

Where the photographer finds difficulty in 
judging the appearance of negatives developed 
by inspection, the wisest course is to desensitize 
the material and develop it by green light. It is 
always safe to stop development when the 
shadow detail can be seen showing through the 
back of the emulsion. 


Over-development should always be avoided 
with miniature negatives as it produces an 
increase in the grain size. 

Prints. When a print has been correctly exposed, 
development for even two or three times the 
recommended period has no serious effects; 
it may, in fact, give a richer print. If continued 
for a very much longer period the print will 
become fogged and stained and the image colour 
will alter. 

Over-development with normal exposure can 
be distinguished from over-exposure with 
normal development without much trouble. 
The over-exposed print very rapidly builds up 
density in the developer and is more or less 
black and obscured before there is time to do 
anything about it. 

Since prints are developed by inspection, the 
only reason for continuing beyond the correct 
time is inability to recognize a fully developed 
print. The tendency is in any case to take the 
print out of the developer too soon ; leaving it 
in longer does no harm, up to a point, provided 
the exposure was correct in the first place. 

A possible cause of over-development of 
bromide paper is that the developer was mixed 
to contact paper strength. 

There is no difficulty in avoiding over- 
development once the characteristic appearance 
of a fully developed print has been learned by 
experience. In any case it is not possible to over- 
develop a correctly exposed print if the maker’s 
instructions, on mixing and using the developer 
are followed. 

Contact prints are normally fully developed 
in about twenty to thirty seconds, and bromide 
prints in two to three minutes. F.P. 

See also: Developing negatives; Developing prints; Faults; 
Over-exposure. 

Book: Developing , by C. I. Jacobson (London). 

OVER-EXPOSURE. Fault indicating that the 
image formed on the sensitized material was 
either too bright or allowed to act too long 
during exposure. 

Negatives. An over-exposed negative looks 
dense and blocked up. The shadow detail is 
all there, but it is usually veiled over with a 
deposit of silver while the highlight areas look 
completely opaque. In extreme cases the whole 
negative looks black with only a hint of 
clearer emulsion in the deepest shadows. 

An over-exposed negative can be distin- 
guished easily from one that has been correctly 
exposed but over-developed. The over-exposed 
negative tends to be flat and lacking in contrast, 
because all the tones, given long enough 
exposure, would record as dense deposits while 
the brightest highlights could add no further 
density. The over-developed negative tends to 
be excessively contrasty. This is because the 
highlights go on developing at a dispropor- 
tionately greater rate than the shadows. 

A print from an over-exposed negative, on a 
normal grade of paper, tends to be flat and 
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muddy. It may, however, yield an acceptable 
print on a harder grade of paper, but in either 
case the excessive density means that it will 
take a long time to print. 

Over-exposure may be caused by inaccurate 
estimation or measurement of the prevailing 
light, by incorrect setting of the shutter speed 
and lens aperture, or by a faulty exposure meter 
or camera shutter. In flash photography it 
may be the result of an error in calculating the 
stop and subject distance from the flash factor. 
It may even be caused by using a developer that 
increases the effective film speed. 

The commonest cause of over-exposure is 
undoubtedly human error. The photographer 
either does not use the meter correctly, or 
interprets its reading literally instead of making 
allowances for such factors as subject contrast, 
filter, film speed, light direction and colour 
temperature, and type of developer to be used. 
Owners of single lens reflex cameras frequently 
focus at full aperture and then forget to stop 
down before exposure. 

Over-exposure in cold weather is often the 
result of shutter lag caused by coagulated oil 
or, in focal plane shutters, by hardening of the 
roller blind fabric. 

Generally speaking, over-exposure is much 
less serious than under-exposure because all 
the detail is there ; the only trouble is in printin g 
it. 

An over-exposed negative can usually be 
made to yield a satisfactory print on a suitably 
hard grade of paper. The principal drawback is 
the long printing time, but there are two ways of 
avoiding this. One method is to replace the 
normal printing or enlarger lamp with a Photo- 
flood; the other is simply to reduce the nega- 
tive with Farmer’s reducer. As this reducer 
tends to increase contrast, it usually corrects 
the flatness of the negative tones at the same 
time. 

Over-exposure can be prevented by using a 
reliable exposure meter and making due allow- 
ances for all the relevant subject, lighting and 
processing conditions. If, in spite of this, 
negatives are regularly over-exposed, either 
the meter or the camera shutter may need 
checking. 

In cold weather the camera should be kept 
in a warm place and not left in an unheated 
room where the low temperature may slow 
down the shutter and give over-exposed nega- 
tives. 

Prints. An over-exposed print has a heavy, 
sombre appearance; the highlights are veiled 
over and the shadows are completely blocked- 
up areas of deep black tone. 

It is not possible to mistake a blackened, 
over-exposed print for one that has been 
correctly exposed but over-developed. Even a 
print that has been developed for two or three 
times the normal length of time will look little 
darker than one that has been given the correct 
development; after a very long time the print 


will become covered with general fog, and there 
may be stains in places, but up to that point 
over-development has no other effect. 

Some workers over-expose prints habitually, 
consciously cultivating a gloomy, low-key 
style of expression. 

The cause of accidental over-exposure is 
usually failure to switch off the light in time, 
either through faulty timing or carelessness. It 
may occur in enlarging when the lens is opened 
up for focusing the image accurately and not 
subsequently stopped down to the correct 
aperture for exposure. 

Over-exposure may also be the result of 
changing from one batch of paper to another 
of the same specification but of higher speed 
due to manufacturing differences. 

An over-exposed print may sometimes be 
rescued by giving it a short immersion in a 
weak solution of Farmer’s reducer. This clears 
the veiled highlights but does not weaken the 
shadow tones. 

Over-exposure can be avoided by making 
careful tests before exposure on strips of the 
actual printing paper. Further tests should be 
made after any major change in magnification 
or if the lens is stopped down after making 
the test exposure. (In many enlargers the 
optical conditions are such that when the lens 
is stopped down, the light passing through is 
not reduced in proportion to the aperture 
numbers.) F.P. 

Sec also: Exposure; Faults; Over-development. 

Book: Exposure, by W. F. Berg (London). 

OVER-RUN LAMPS. Lamps which are 
deliberately run on a higher voltage — and at a 
higher temperature — than normal — e.g., Photo- 
floods. This greatly increases the light output 
and efficiency, raises the colour temperature, 
but appreciably shortens their life (often to a 
matter of a few hours). 

See also: Filament lamps. 

OXALIC ACID. Used in certain toners, also 
used as a preservative of pyro solution. 

Formula and molecular weight: (CO,H)|. 
2H,0; 126. 

Characteristics: White crystals. It is 

poisonous. 

Solubility: Fairly soluble in water at room 
temperature. 

OX GALL. Commercially prepared liquid 
used by photographic retouchers and artists for 
treating a glossy surface— e.g., of a print or 
slide — to make it accept pigments applied with 
a brush. Also used in glazing prints. 

OXIDATION. Chemical reaction increasing 
the proportion of oxygen or similar electro- 
negative components of a chemical compound 
(or decreasing the proportion of hydrogen or 
similar electropositive components). Thus 
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conversion of a silver image into silver halide 
by a ferricyanide and bromide bleacher con- 
sists of oxidation of the silver to silver bromide 
(here bromine is the electronegative com- 
ponent): 

K,Fe(CN), + KBr + Ag 
= K 4 Fe(CN) t + AgBr 

Every oxidation is necessarily accompanied 
by a reduction, i.e. f the increase of the pro- 
portion of the electropositive component of a 
compound. In the above example potassium 
ferricyanide K,Fe(CN) t is at the same time 
reduced to ferrocyanide K 4 Fe(CN) 4 , potassium 
(K) being the electropositive component. 

Similarly, during development silver halide 
is reduced to silver while the developing agent 
is oxidized. 

OZALID PROCESS. One of the diazotype 
printing processes used principally for making 
positive prints from tracings of draughtsman’s 
drawings. 

Special paper, sensitized with a riiazo com- 
pound and a colour coupler is exposed behind 


an ordinary line tracing and developed either 
with ammonia vapour or by damping it 
slightly with a dilute alkali. 

The image normally develops as reddish- 
brown lines on a faintly purple tinted ground. 

As the paper is not processed wet, it does not 
change dimensions and the print is reasonably 
true to size. 

See also: Document photography; Obsolete printing 
processes. 

OZOBROME PROCESS. Fore-runner of the 
carbro process. In common with carbro the 
process gives pigment prints direct from bromide 
contact prints or enlargements without the 
action of light. It was invented by Thomas 
Manly in 1905. 

See al so : Obsolete printing processes. 

OZOTYPE PROCESS. Early method of pig- 
ment printing, later replaced by the ozobrome 
process. One of the many processes which 
finally led to present-day carbro printing. 

See also: Obsolete printing processes. 
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PACKING AND SENDING PHOTO- 
GRAPHS. Of the thousands of prints and 
transparencies that are sent through the post, a 
high proportion arrive in bad condition — bent, 
creased, dog-eared, and in some cases even 
torn or broken. Often valuable photographs are 
worthless when they are received at their destin- 
ation. Too often the Post Office gets the blame 
when in fact the trouble lies entirely with the 
sender. 

A finished picture represents such an expen- 
diture of time and trouble that it is worth while 
taking the little extra trouble in packing it to 
ensure that it reaches its destination in first-class 
condition. 

Unmounted Prints. The method of packing 
depends largely on the number being sent and 
their size. Small prints will usually go into an 
envelope with stiffeners to keep them flat. The 
envelope must be of the strongest type; some of 
the cheaper varieties tear very easily. Stiffeners 
can conveniently be cut from strong cardboard 
and should be slightly larger than the prints 
themselves. One is placed on each side of the 
prints and the sandwich is held together with 
rubber bands. 

Larger prints usually have to be parcelled and 
the packing materials should be selected care- 
fully. The prints themselves should be sand- 
wiched between strong cardboard stiffeners, 
while the corners and edges should be protected 
with corrugated cardboard held in place with 
string or adhesive tape. The parcel is then 
wrapped up in strong brown paper and fasten- 
ed securely with string. Cellulose tape is also 
useful for holding down the edges of the parcel 
and prevents the paper from being tom off in 
transit. 

An alternative method is to roll the print up 
and pack it in a stiff cardboard tube. Tliis pro- 
tects the prints against almost all risks of 
injury short of deliberate damage. 

Mounted Prints. The mount itself is stiff, but 
that does not mean that packing can be skimped. 
Where there are several prints they should be 


packed in pairs face to face, with the surfaces 
protected from abrasion by tissue or other soft 
paper. The stiffeners should be of heavy board 
lust larger than the mounts and corrugated 
cardboard should be used around the edges. (It 
is often advisable to use a sheet of thin plywood 
in place of one of the stiffeners if the prints are 
very large, very valuable, or have to be sent 
overseas.) The parcel is finally wrapped in 
stout brown paper and well tied and sealed. 

Exhibition prints are often sent in specially 
constructed flat cases made of hardboard or 
plywood. This inevitably increases the weight 
of the parcel, but affords much greater pro- 
tection for the contents and provides a con- 
venient storage place for prints at other times. 

The address should always be written clearly 
in block capitals and in addition, the name and 
address of the sender should be plainly stated. 
It is also important that the name and address 
of the sender is written either on the enclosed 
prints or on a covering letter included with 
them. This enables the prints to be returned 
to the sender if the outer wrapping should be 
tom off or obliterated. 

How the prints are sent through the post will 
depend on the number being sent. A parcel of 
up to fourmounted prints, size 16 x 20 ins., can 
be sent by letter post. Larger numbers may be 
sent by parcel post up to a weight limit of 1 5 lbs. 
Letter post is usually the quicker of the two. 
Either way the parcels can be registered. 

When prints are sent overseas the sender may 
have to complete a customs declaration form 
stating the contents of the parcel and the 
estimated value. This is then stuck on the out- 
side of the package. Prints conveyed by parcel 
post abroad cannot be registered but they can 
be insured, which amounts to the same thing. 
Details of postage, registration or insurance can 
be obtained from any Pest Office. 

In the U.S.A. prints may be mailed either 
1st class or 4th class. In the latter case the 
package must be open for inspection (equiva- 
lent to British printed matter postage). 
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Transparencies. In most cases the value of a 
transparency— especially in colour — is greater 
than that of a print and consequently careful 
packing is even more important to avoid pos- 
sible damage or loss. It is usual for trans- 
parencies to be either mounted between glass 
or else slipped into a transparent paper or 
plastic bag for protection. Even cardboard- 
mounted 35 mm. transparencies should be 
protected in such an envelope before packing 
them for post. 

It is almost impossible to pack glass slides in 
such a way that breakage is impossible, but it 
is quite easy to take precautions that reduce 
the risk to a minimum. The secret is in packing 
the slides tightly. A stout cardboard box should 
be used, into which the slides fit exactly. If 
there is any room for movement at all, break- 
age will be probable. Pack any vacant space 
tightly with folded newspaper or corrugated 
cardboard. Leaves of paper between the slides 
can be included, but are not essential. The lid 
of the box must not be neglected. This too 
should be padded out so that when the lid is 
on the slides cannot move in any direction. 
Plenty of corrugated cardboard should then be 
bound round the box in both directions before 
the usual outside packing is completed. 

Although a strong cardboard box will give 
adequate protection in most cases, a wooden, 
or metal box may be more suitable if slides are 
being dispatched in quantity. The interior of 
such a box should first be lined completely 
with some sort of padding, and the slides packed 
tightly as before. But batches of more than six 
in one box will be safer if wads of corrugated 
cardboard are interspersed at intervals. 

Transparencies without glass mounts will 
also travel best in a strong cardboard box. Care 
should be taken to see that they remain flat in 
the box, and plenty of padding with folded 
newspaper will give added protection. 

Quick Delivery. From time to time photo- 
graphs have to be got away in a rush, and the 
normal postal service would be too slow. One 
quick way is to take the parcel or packet to the 
railway station for despatch by train. British 
Railways will accept parcels for dispatch by 
the first available train on either weekdays or 
Sundays. The parcel is clearly marked “To be 
called for” at the distant station and the 
addressee is advised by telephone or telegram 
to meet the train and collect the parcel. 

Photographs may also be sent by express post 
all the way to their destination, but this is quite 
a costly business if they have far to go. A 
cheaper way is to send them by express Railex. 
In this case the Post Office dispatches the parcel 
by messenger to the station where it is put on 
the first available train. It is collected at the 
station nearest to its destination by another 
messenger and taken to the address. The weight 
limit for parcels sent in this way is 1 lb. 

A parcel for an overseas address can also be 
delivered by express post when it reaches the 
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immediate neighbourhood of its destination. 
This service is available in certain countries 
only; it is arranged through the Post Office 
where full particulars can be obtained of the 
places served and the approximate time taken 
to deliver. 

No special express service is available for 
photographic prints in America, but the 
Western Union messenger service is often 
used for this purpose within localities. G.W.P. 

PAINTINGS AND DRAWINGS. Photo- 
graphic reproductions of works of art are 
used for study by people who do not have 
access to the original, for magazine and book 
illustration and for records for art historians 
and picture restorers. For all these purposes the 
photograph must be sharp and clear, and as 
close to the original as possible. In addition to 
reproductions of whole paintings, some excit- 
ing results can be produced with exact size 
details or even by photographs taken 3-4 times 
magnified to show the artist’s technique, brush 
strokes and craquelure. 

Equipment. The studio equipment necessary is 
simple, but it must be accurate and strong: a 
firmly-built square bellowscamera to take plates 
if possible, not smaller than whole plate; a 
first-class modem copying lens with a slot to 
take gelatin filters; a solid stand with easy 
raising and lowering movement and an upright 
easel fixed to a steel frame. The easel must 
move up and down, and the frame must have a 
sideways movement. Accessories needed are a 
lens hood, focusing magnifier, light meter, filters 
(these can be bought comparatively cheaply 
and allow the photographer to invest in a 
large variety for experiment), and the normal 
darkroom equipment. 

It is most important to have a dark matt 
background, preferably black, and a lens hood 
is advisable, particularly with drawings and 
light-coloured paintings which reflect plenty 
of light. 

Artificial lighting is by far the most satis- 
factory because its constant nature gives a good 
basis for judging exposures and makes reflec- 
tions easier to control. The most effective and 
reliable permanent lighting set-up is provided 
by a pair of upright parabolic trough reflectors 
fitted with 500 watt photo pearl bulbs every 
18 inches. The troughs, up to eight feet high, 
painted white inside and mounted on a stand 
with rubber wheels or castors, can be easily 
moved about and give a good even light to 
cover the biggest pictures ever likely to be 
photographed. 

If, however, the work has to be done in a 
house or sale room, shallow bowl reflectors 
on a portable stand taking 500 watt bulbs are 
quite satisfactory. This type of lighting is 
suitable for the amateur who only wants to 
copy paintings occasionally. 

Sensitized MflteriaJsT Plates are better than 
films for this work because they can be var- 
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nished and kept free from scratches, dust and 
stains for any length of time, and in making 
contact prints it is much easier to get good 
definition with plates than with films. This is 
particularly important in the reproduction of 
fine craquelure or pencil lines. 

As the object to be photographed is sta- 
tionary, the speed of the plate is unimportant. 
A soft gradation panchromatic plate is best for 
paintings, and for drawings a slightly more 
contrasty plate. Even with black-and-white 
drawings it is advisable to use a panchromatic 
plate, otherwise any discoloration or stains in 
the paper are exaggerated. 

When photographing an oil painting, the aim 
is to produce a soft, clear, fully-exposed negative 
with plenty of detail in the shadows; with a 
drawing or water colour a slightly more con- 
trasty, clean-looking negative is required. 

Either dish or tank development may be 
used, but the negatives must be kept free from 
grit and blemishes, particularly when they are 
to be used to show condition, as no retouching 
must be done^t all. 

Prints should be made on a smooth surface 
paper, either unglazed glossy or semi-matt. The 
expert never uses paper with an obtrusive 
surface or sepia tone; he knows that he is re- 
producing a picture, not making one. 

Method. The picture to be photographed is set 
up as upright as possible on the easel, or fixed 
to some solid foundation if in a sale room or 
house. The image is then checked to see that 
it is square on the ground glass and includes 
the whole of the painting. It is next focused 
carefully with a focusing magnifier, and the 
lens is stopped down sufficiently to ensure good 
definition over the complete area of the piste. 
Focusing is carried out finally with the filter 
in position if a filter is to be used. The photo- 
grapher now stands with his head in front of, 
and level with, the lens, and examines the 
picture for reflections, moving the lights about 
until there are none, and always checking 
up from the level of the lens. 

Next, using a photo-electric meter, a reading 
is taken on a darkish part of the picture (if it 
is an oil painting), and the exposure is worked 
out, allowing for the filter if any. It is generally 
safe to double the resulting calculation with 
rich oil paintings as they absorb so much light, 
and it is important to reproduce every detail. 
For drawings, a general meter reading should 
be taken from a distance of about 12 ins. 
When taking meter readings it is easy to cast 
a shadow over the picture without noticing 
it, so every care should be taken to prevent this 
happening. 

With a drawing, accuracy of exposure and 
development is more important than with an 
oil painting, as the difference between charcoal, 
pencil and crayon is so slight. Failure to appre- 
ciate this fact explains why so many reproduc- 
. Lions of fine pencil drawings look as though 
they have been done with pen and ink. The 


whole character of the original can easily be 
lost unless special attention is given to this 
point at every stage, including the printing. 

Whenever possible the picture should be 
photographed out of its frame so that all the 
edges show. The edges must never be trimmed 
off or the result will look more like a picture 
postcard than a reproduction of a masterpiece. 
Filters. Modem plates have such a balanced 
colour sensitivity that filters are not often 
needed. However, there are times when a filter 
helps. In photographing a portrait it is quite 
useful to use the type of filter that is slightly 
greenish-blue and gives good modelling in the 
features. This filter can also be used to advan- 
tage in photographing pictures during cleaning 
as it shows up dirty patches of varnish very 
clearly. Another filter which is useful is the 
orange-red. This is a help when the picture is 
so dark and dirty that detail cannot be got in 
any other way. A yellow-green and a set of 
yellow filters are sometimes helpful in photo- 
graphing landscapes to get detail in the blue 
skies. 

Printing. Printing the negative, if everything 
has gone according to plan, is straightforward. 
If, however, it has been impossible to avoid 
reflections, the resulting dense areas on the 
negative may be rubbid down with metal 
polish or reduced with ferricyanide. And if 
parts of the negative print up too dark, tissue 
paper cut exactly to the shape of the thin 
patches may be put on the ground glass of the 
printing box under the negative, or the thin 
parts may be held back in the usual way during 
enlarging. These controls should not be 
allowed to falsify tones too much. 

Care must be observed in finishing the print 
not to do any spotting that removes part of the 
picture. With good technique, it should not be 
necessary to do any finishing at all. 

Lantern slides are another form of repro- 
duction in great demand by lecturers on art 
history. The best method to get slides of first- 
class quality is to make them through a 
camera on to a lantern plate. The negative is 
set up in a frame with an even light behind it 
and photographed in the normal way. 

Infra-red, ultra-violet, X-ray and micro- 
reproduction of pictures all have their uses for 
the art historian and restorer, but this work is 
a branch of scientific photography and lies 
outside the scope of the photographer who 
simply wishes to make a good reproduction of a 
painting or drawing. V.C.W. 

See also: Copying; Manuscripts and old documents ; 
Murals. 

PALLADIOTYPE. Early printing process 
capable of very delicate tone rendering. 
Special paper was used and the final image 
consisted of palladium. The process was very 
similar to platinotype. 

See mleo: Obsolete printing processes. 
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PAN AND TILT HEAD. Tripod attachment 
which permits the camera to be tuned around 
its vertical axis and to be tilted in a vertical 
plane. Elaborate pan and tilt heads are used 
mainl y in cinematography where they permit 
smooth movement of the camera during 
shooting, but are equally useful for accurate 
setting up in certain fields of still photography. 
The head may carry scales showing the hori- 
zontal and vertical rotation in degrees. 

See also: Camera supports . 

PANCHROMATIC. Sensitized materials with 
a response to all colours of the visible spectrum, 
including the red rays. 

See alao:- 1 nfr achromatic; Negative materials : Ordinary 
emulsion: Orthochromaiic; Orthopanckromatlc; Spectral 
sensitivity. 

PANCHROMATIC VISION (P.V.) FILTER. 
Viewing filter through which the scene appears 
more or less in monochrome as a panchromatic 
emulsion would reproduce it. The effect of 
using filters in front of the lens can be approx- 
imated by adding them to the P.V. filter. 

See aJso: Tone rendering. 

PANORAMA. Picture that presents a con- 
tinuous view of the landscape. In practice such 
comprehensive pictures are generally built up 
from a series of separate photographs covering 
the horizon, in slightly overlapping sections. 
There are also special panoramic cameras 
designed to scan any arc of the horizon and 
record the picture on a single continuous length 
of film. 

Precautions. When a normal camera is used for 
making panoramas, certain special precautions 
must be taken or the adjacent photographs 
will not dovetail into one another without 
leaving a visible join. 

(1) Thecameramustbemountedon a tripod. 
This is to make sure that all the photographs 
are taken from the same viewpoint. If the 
viewpoint moves between one exposure and the 
next, the perspective of the two photographs is 
no longer the same, and it is not possible to find 
a common boundary for joining them. 

(2) The camera should preferably be mounted 
on a special head marked off to show the 
successive camera positions (for the particular 
lens in use) that will cover the horizon in sections 
with a suitable overlap between each section. 

(3) The camera must be absolutely level — 
i.e., the focal plane of the lens must be vertical — 
or the adjoining edges of the separate pictures 
will not match. For this reason many of the 
special panoramic heads incorporate a spirit 
level. 

(4) If the horizon is to appear above or below 
the centre of the picture, the adjustment must 
be made by using the rising and falling front, if 
the camera has one, or by trimming the prints; 
it cannot be done by tilting the camera. 
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Panorama Tripod Heads. It is possible to take 
panoramas with the camera mounted on an 
ordinary tripod head by loosening the clamping 
screw and turning the camera through the 
required angle between exposures. After taking 
the first exposure looking at, say, the extreme 
right hand side of the view, the camera is swung 
around until a point on the horizon that pre- 
viously appeared just inside the left hand edge 
of the finder now lies just inside the right hand 
edge. The second exposure will then overlap 
the first by a sufficient margin. Further expo- 
sures are made in the same way until the whole 
of the required field has been covered by the 
camera. 

Special tripod heads are available for taking 
panoramas. These make it easy to turn the 
camera through the exact angle between expo- 
sures. The head generally incorporates a spirit 
level and is in two parts, a fixed base which 
screws on to the top of the tripod and a swivel- 
ling head which can be locked in any position. 
A scale ring graduated from 0° to 360° around 



PANORAMAS. Top: In taking a panorama the camera should be 
firmly mounted, and rotated through a fixed angle ( preferably 
about the front nodal point of the lens), after each eefnaure. 
Successive views must overlop to permit motchlng up later on. 
Contra: The camera must be mounted absolutely level , other- 
wise the horizon line will appear to curve down ( camera 
pointed up) or up ( camera pointed down). Bottom: One way 
of hiding the joins in the assembled print Is to follow the outlines 
of prominent features of the view In cutting . 
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the base shows how far the camera has been 
turned. With a lens taking in an angle of, say 
50°, the head would be set at zero with the 
camera at the right hand end of the picture 
and for subsequent exposures moved to 43°, 
90°, 135°, and so on, covering the picture area 
with an overlap of 5“ between exposures. 

There are special panorama heads which 
indicate the correct position for each exposure 
by an audible click. These are designed to work 
with a lens of a particular focal length, or they 
may have a set of interchangeable rings which 
suit a number of different lenses. Automatic 
heads of this type cut down the time between 
exposures and so make it possible to deal with 
subjects where there is some movement — 
e.g, of clouds or traffic — in the scene. 

Suitable Subjects. The subject chosen for a 
panorama should have plenty of variety; 
mountains, docks and riverside buildings seen 
from the opposite side of the river and famous 
views are the right sort of material. Scenes with 
a straight, unbroken horizon line are generally 
not worth taking. Moving objects call for extra 
care to see that they do not appear on two 
sections of the same panorama. There is an 
unavoidable loss of time between one exposure 
and the next, and in that time a moving object 
can pass from one section into the next. On 
windy days, when the clouds are moving and 
changing shape quickly, it may be impossible to 
mak e a satisfactory panorama showing clouds. 
Vertical Panoramas. In making a vertical 
panorama, the camera is mounted on a tripod 
fitted with a tilting head and swung in a vertical 
arc. Subjects for this type of panorama are rare 
because the whole field can generally be included 
in a single exposure with a lens of normal focal 
length. The view from the top of a cliff that 
falls vertically away from the camera makes a 
suitable subject if, for instance, there are streets 
and houses in the valley immediately below the 
camera and mountain scenery facing it. 
Mounting Panoramas. Provided the prints are 
made from correctly made negatives mere is no 
difficulty in joining up and mounting adjacent 
pictures. The prints should be first arranged 
side by side and one lapped over the other until 
the edge of the upper print registers with the 
scene in the lower. The overlapping edge of the 
top print is men lightly stuck down on the 
lower, preferably with india rubber solution. 

When dry, both prints are cut through to- 
gether down a line midway between the over- 
lapping edges. This means that when me prints 
are mounted edge to edge, the two sides of the 
join will register perfectly and be almost in- 
visible. 

An even less conspicuous way of matching up 
is to follow prominent contours of the scene 
when cutting one edge (e.g., me left-hand one) 
of each print (except the left-hand print of me 
series). Provided these contours all lie within 
the overlap area of the adjoining print, they 
wil tend to hide the join. 


When mounting, the edges should be sand- 
papered down from the back as thin as possible 
before assembly. The base of the one print and 
the surface of the edge area of the adjoining 
print are then smeared with rubber gun, and the 
top print placed in position. Any excess gum 
can be rubbed off the surface when dry. PJ. 

See also: Hill cloud lens; Montage; Panoramic camera. 

PANORAMIC CAMERA. Special type of 
camera for making a continuous record of a 
wider section of the horizon than could normally 
be photographed in a single exposure. The lens 
scans the view from side to side and exposes a 
long narrow strip of film through a moving slit. 



PANORAMIC CAMERA. The lens covers only a small field, but 
pivots about Its rear nodal point, thus “seeing" different parts 
of the view in turn. The film Is wrapped round a curved drum 
which the image scans from one end Co Che ocher. 

In practice the lens is made to rotate about 
its rear nodal point together with the whole 
camera on a tripod head, while a governor- 
controlled motor winds the film past the slit 
from one spool to the other. The film movement 
is carefully synchronized with the camera rota- 
tion, so that the image remains in effect sta- 
tionary with respect to the film. The film itself 
is supplied in special lengths to suit the camera. 
With a suitable tripod mounting, such a panora- 
mic camera can cover a complete circle of 
360°. 

Cameras of this type are also used for taking 
long formal groups. The total exposure time 
from one end of the picture to the other is in 
the region of 10-13 seconds, though the effec- 
tive exposure of each point in the picture may 
be around 1/10 second. This could be varied 
by making the slit narrower or wider, but in 
practice a simpler method of exposure control 
is adjustment of the aperture. 

In the case of a group shot the whole group 
should keep still while the camera is running. 
Double exposure stunts are, however possible 
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by one or two members at the first extreme 
edge running round the back to the other end 
of the group as soon as the camera view has 
passed them. 

Special panoramic cameras have also been 
developed which cover a view up to 355° in a 
single simultaneous exposure on a curved strip 
of film with a special optical system. L. A.M. 

See also : Hill cloud leru; Photofinish camera. 

PANTONE. Special type of dry litho photo- 
mechanical reproduction process developed 
from about 1924 onwards by Ronald Trist. 
This process was lithographic in principle but 
printed without water on ink-repelling areas. 

A sheet of copper or, more commonly, cop- 
per-plated steel, was plated thinly with chrom- 
ium. An acid resist image in line or half-tone 
was formed on the chromium which was then 
etched away down to the copper base in the 
non-image areas. The bare copper was silver 
plated and then treated with mercury which 
amalgamated with the silver, after which the 
plate was ready for the printing machine. 

Printing ink will not take on a mercury-silver 
amalgam, but it takes very well on chromium; 
thus the plate could be rolled up with printing 
ink and used for direct or offset printing. 

At its inception, Pantone appeared to be 
most promising. It would print on litho or 
letterpress machines, and the inventor devised 
many ingenious and useful developments of 
the basic principle ; but it failed for such reasons 
as the tremendous printing pressure necessary 
on letterpress machines, the difficulty of re- 
plenishing the mercury by addition to the ink, 
objection to the poisonous nature of the 
mercury, litigation over patent rights, and 
scarcity of mercury. The commercial develop- 
ment of chromium plating was prompted by 
its use in the Pantone process. F.H.S. 

PAPER GRADES. Most typos of development 
paper are manufactured in a range of numbered 
grades. Each number corresponds to a particular 
type of image contrast — e.g., hard, norma), 
soft. Although there is no general agreement 
between manufacturers, most tend to favour 
five grades — No. 1 (Soft), No. 2 (Normal), No. 
3 (Hard), No. 4 (Extra Hard) and occasionally. 
No. S (Ultra Hard). It does not follow that the 
same grades of different manufacturers all 
produce the same contrast. 

By selecting paper of the correct grade it is 
possible to produce acceptable prints from 
negatives with contrast scales ranging from very 
soft to very hard. 

A normal negative will yield the best print 
on a normal paper grade. However, a soft and 
flat negative will require a hard paper grade 
to put adequate brilliance into the print, 
similarly a contrasty negative needs a soft 
paper grade to record the extremes of the tone 
scale and produce an acceptable print 

See (lio: Contact printing; Contrail: Enlarging; Papon. 
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PAPER HOLDER. On a horizontal enlarger 
the easel and paper holder are combined, but 
on a vertical enlarger the paper holder is usually 
a separate accessory. 

Adhesive Holders. One of the earliest devices for 
holding down the paper was a shallow tray 
filled with a glycerin-gelatin jelly. The paper 
was simply pressed on to the surface of the jelly 
and held by adhesion. Nowadays the same 
effect can be produced by a double-sided 
adhesive sheet. One modem enlarger with a 
pressed steel baseboard is supplied with two 
magnetized strips which hold the paper firmly 
by its edges. Nowadays, however, most photo- 
graphers favour the type of paper holder which 
is also a masking frame. These are made in 
both fixed and adjustable types and by virtue 
of the fact that they hold the paper by its 
edges, invariably give a print with white 
margins. 

Masking Frames. The fixed size masking frame, 
which is commonly made in postcard and two- 
on postcard sizes, is simply an inverted shallow 
box the same size as the paper with a further 
box which fits neatly over it. The bottom of the 
outer box is cut away to form the picture 
aperture with a narrow rebate J or A in. wide 
all round. The printing paper is placed on the 
lower half, and the upper section is fitted over 
it. This holds the paper flat and leaves it exposed 
except for the margins. 

Masks of this sort are made in both metal 
and moulded plastic. 

Adjustable Types. Adjustable masking frames 
usually consist of either a metal or wooden 
baseboard to which is hinged an open frame of 
metal of square section which carries two metal 
masking strips. These strips are made to slide 
along adjacent sides of the frame so that they 
can be adjusted to enclose a rectangular picture 
space of any dimensions up to the full size of 
the holder. When a sheet of paper is placed 
between the board and the frame, the frame 
itself masks the paper on two adjacent edges, 
and the adjustable strips mask the remaining 
two. 

The width of the white border is fixed by the 
width of the metal frame, and the adjustable 
strips are set so that they mask off the same 
width along their sides of the paper. Some types 
are made that permit actual adjustment of the 
border width. The paper is located under the 
mask by pressing it against two stops as the 
mask is lowered. G.W.A. 

See also: Marks. 

PAPER NEGATIVE. One of the cheapest 
forms of negative material consists of a negative 
emulsion coated on a paper base, known as 
negative card. 

Many cameras produced for use by “whila- 
you-wait” photographers are designed for this 
material. The card is loaded into sheaths and 
exposed in the camera in the normal way. After 
processing it can be printed in a number of 
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ways: by being re-photographed in the original 
camera on to a similar card; by treating it 
with oil to make it translucent and then print- 
ing by transmitted light; by printing it by 
reflected light in a special en arger working 
on the principle of the episcope; or by reflex 
printing. The last method is commonly used in 
document photography, especially in office 
copying machines. 


Paper negatives are also used by pictorial ists 
and portrait photographers because they are so 
much easier to retouch than films or plates. It 
is also often worth while to make an enlarged 
paper negative from a miniature negative that 
calls for retouching. In this way any number of 
prints can be made from the finished negative. 

See also: Supports far emulsions; While- you-walt photo- 
graphy. 
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The final form of a large proportion of photo- 
graphic records and pictures is the paper print. 
It is produced in most cases by exposing a sheet 
of sensitized paper in contact with a negative, 
or to the image of a negative projected by an 
enlarger. 

The main types of paper for general photo- 
graphy are development papers which form a 
latent image that must be developed before it 
becomes visible. These are used in pictorial, 
technical, commercial, and professional photo- 
graphy. Special emulsions in this group are 
used for document photography and recording. 

Another type of paper which used to be 
widely popular half a century ago is daylight 
paper. This forms an image on direct exposure, 
and needs no development. These papers are 
known as either print or printing out papers 
and were formerly employed for pictorial 
photography, but are now almost entirely con- 
fined to making proofs; within this type also 
come a number of specialized materials for 
plan-copying and similar purposes. 

DEVELOPMENT PAPERS 

Development papers vary in three important 
respects: 

(1) Type of emulsion — i.e., chloride, bro- 
mide, chlorobromide, etc. (This also governs the 
development characteristics and image tones 
obtainable.) 

(2) Contrast rang* — i.e., soft, normal, hard, 
etc. 

(3) Physical characteristics — i.e., thickness, 
surface finish, colour, etc. 

The sensitive layer of most development 
papers consists of silver chloride, silver bromide, 
or a mixture of the two, in a gelatin emulsion. 
The relative proportions of silver chloride and 
silver bromide determine both the sensitivity 
and the image tone of the paper. Certain papers 
also contain a small proportion of other salts 
such as silver iodide. 

With one or two exceptions — e.g., variable 
contrast papers — printing papers are not 
colour-sensitized. They are sensitive only to 
blue and violet rays. 

There aie four types of emulsion commonly 
used for coating development papers: silver 
chloride for contact papers, slow chloro- 


bromide for warm tone contact papers, silver 
bromide for enlarging papers, and fast chloro- 
bromide for warm tone enlarging papers. 

Silver Chloride Papers. These are papers in 
which the emulsion contains silver chloride 
only. 

The sensitivity of these papers is compara- 
tively low, and they are generally suitable only 
for contact printing in a printing frame or 
printing box. Because of this limitation they are 
therefore referred to as contact papers, or by 
their older name of gaslight papers. 

They are so slow to artificial light that they 
may be handled by subdued artificial light, or 
by a bright yellow safelight. 

Chloride papers give blue-black tones in a 
metol-hydroquinone developer and take about 
45 seconds at 65-68° F. (18-20° C.) to develop. 
Slow Chlorobromide Papers. These papers have 
an emulsion that consists mainly of silver 
chloride, with a smaller proportion of silver 
bromide. 

They are up to ten times as sensitive as silver 
chloride contact papers, and are generally 
suitable for contact printing, although they are 
sometimes used for enlarging. 

As silver bromide is more sensitive than 
silver chloride, these papers must be handled 
under an orange or yellow-green safelight. 

Slow chlorobromide papers give warm black 
tones on development in a metol-hydroquinone 
developer. They can, however, produce brown- 
black to warm brown and even reddish images 
by over-exposure followed by development in a 
dilute and heavily restrained developer. 

Silver Bromide Papers. These papers are known 
as plain bromide papers. The emulsion contains 
only silver bromide with perhaps a trace of 
silver iodide. 

Bromide papers are the most sensitive of all 
printing materials (100 to 1000 times as 
sensitive as chloride contact papers). They are 
mainly used for making enlargements where the 
intensity of the printing light is generally very 
much less than for contact printing. 

As all bromide papers are sensitive enough 
to be fogged by even weak white light, they 
must be handled only by olive-green or orange 
darkroom illumination. Certain bromide papers 
are double coated and slightly colour sensitive. 
These can only be handled safely by the light 
of an orange safelight. 
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Bromide papers give pure black prints on 
development in metol-hydroquinone. Develop- 
ment usually takes about 1 J-2i minutes at 
65-68° F. (18-20° C.). 

Fast Cblorobromlde Papers. Fast chlorobromide 
papers have an emulsion that contains mainly 
silver bromide, with a smaller amount of silver 
chloride and sometimes a little silver iodide. 
These papers are nearly, though not quite, as 
sensitive as ordinary bromide papers. They are 
mainly used for making enlargements, and 
need about li to 4 times as much exposure as 
bromide papers. 

Some f ast chlorobromide papers are sensitive 
to green light as well as to blue and violet. An 
olive-green darkroom light is therefore not 
always safe enough; orange is better. 

Fast chlorobromide papers give warm-black 
image tones on direct development in metol- 
hydroquinone paper developers. The usual 
development time is about 2-3 minutes at 
65-68° F. (18-20° C.). Prolonged development 
of over-exposed prints in a dilute and heavily 
restrained developer gives warm brown and 
sepia tones as it does with the slow chloro- 
bromide emulsion. The range of tones available 
is, however, not as wide with the slow chloro- 
bromide emulsions. 



PAPER GRADES. Top: A, negative with long scale of tones from 
black to transparent. B, printed on hard paper; C. on medium 
paper; D, on soft paper. These papers reproduce respectively a 
short range, most, or all of the negative tones, spreading them 
from black to white. Centre: E, negative of short scale of 
tones. F, printed on hard; G, on medium ; H, on soft paper. 
The negative tones are increased in contrast, reproduced 
correctly, or flattened respectively. Bottom: I, negative with 
long scale of tones. J, printed on hard paper to secure tone 
separation and highlight detail at the expense of the shadows. 
K, exposed to secure shadow detail at the expense of highlights. 


Contrast Grades. Most development papers are 
made in several contrast grades. A range of 
such grades is necessary so that the photo- 
grapher can select the most suitable to make 
the best possible print from every type of nega- 
tive — from soft to hard. 

The paper grades are usually classified by 
each maker according to his own ideas. There 
is as yet no standard system, but most of those 
in use at present conform broadly to the 
following scale: 

No. 0: extra soft 

No. 1 : soft 

No. 2 : normal, or medium 

No. 3 : vigorous, hard, or contrasty 

No. 4: extra vigorous, extra hard, or extra 
contrasty 

No. 5: ultra vigorous, ultra hard, or ultra 
contrasty. 

A particular grade of paper made by one 
manufacturer does not necessarily correspond 
to a paper carrying the same number or 
description but supplied by another manufac- 
turer. Grade 2 of one maker may well corres- 
pond to grade 3 or grade 1 of another brand. 

The “normal” or “medium" grade of paper 
is accepted as being the one that gives the best 
print from a good average negative. 

A soft paper with the same negative would 
give a flat print without much tone gradation. 
The whole picture would be rendered in fairly 
similar tones of grey with no real blacks, and no 
really light highlights. 

A hard paper would give an over-contrasty 
print in which all the light tones would be blank 
white paper and the darker parts would be 
areas of solid black. 

Compensating for Negative Shortcomings. A 
soft grade of paper can be used to tone down a 
very contrasty negative and produce a fairly 
normal print. And one of the more contrasty 
grades of paper can be used to compensate for 
lack of brilliance in a very soft negative and 
again allow a normal print to be made. In 
contact printing and enlarging the contrast 
grade of the paper is matched in this way to the 
contrast of the negative; the softer the negative, 
the harder the paper grade required, and vice 
versa. 

Surfaces. The “surface” of a paper is a com- 
bination of its texture and its finish. 

Its texture may be smooth, fine grained, or 
rough. In addition, there are several artificial 
surfaces which are made to resemble fabrics like 
silk, rayon, canvas, etc. 

Its finish may be glossy, semi-glossy (des- 
cribed under various names such as semi-matt, 
half -matt, velvet, lustre, etc.) and matt. 

A glossy finish can only be produced in 
conjunction with a very smooth surface texture. 
A glossy print can, in addition, be glazed after 
processing to give a mirror-like shiny surface. 
A matt finish must also have a very smooth 
surface texture; but a semi-glossy or lustre 
finish may be used for every type of texture. 


802 




Enlarging papers and, to a lesser extent, 
contact papers, are made with a variety of 
surfaces. This variety enables the photographer 
to enhance the artistic effect of a picture by 
choosing a suitable paper to match the mood 
or character of the subject. 

The Paper Base. The paper support that carries 
the sensitive layer may be either white or tinted, 
generally ivory or cream. Some modem white- 
base papers incorporate a fluorescent dye to 
increase the luminosity of the whites. 

Most papers are made in a range of base 
thicknesses; the thinnest is light-weight (air 
mail), the thin standard base is single-weight, 
and the thick standard is double-weight. The 
thickest base of all is treble-weight, which is a 
comparatively heavy card. 

Papers intended for high speed processing 
often have a waterproof base. This is to 
minimize the absorption of solutions and so 
speed up the drying. 

Printing paper manufacturers have their own 
code letters and figures which they print on the 
pack to indicate the contrast grade, surface, 
base tint, and paper thickness of the contents. 
Choice of Papers. The selection of a print 
surface and paper tint for any particular print 
is largely a matter of taste. Prints intended for 
reproduction are an exception; they are always 
supplied on glossy or glazed white-based 
paper. 

Apart from this special requirement, the 
photographer can generally contribute some- 
thing to the pictorial appeal of his work by 
selecting a paper with the right characteristics. 

A cream paper base may help to impart a 
suggestion of warmth and sunniness to the 
picture, and a warm-tone image tends to 
enhance the impression. Traditional or dignified 
types of subject, as well as character portraits, 
often look better on cream or ivory tinted 
papers. 

Essentially black-and-white subjects — e.g., 
snow, mountains, machines — are generally 
handled better by a white based paper. 

The smoother the paper surface, the more it 
shows up fine image detail. The smoothest 
glossy surface, particularly when glazed, is 
therefore specially suitable for scientific and 
technical subjects, small contact prints and 
prints for copying and reproduction. 

A rough surface breaks up empty image 
areas, so it livens up broad subjects and big en- 
largements where there is comparatively little 
fine image detail. And rough paper also helps 
to hide graininess in big enlargements. 

Artificially embossed surface textures such 
as rayon, silk, etc., have a similar effect. 
Maximum Tone Range. The paper tint, image 
colour, and surface, affect the visual tone range 
of the print. 

The visual range is narrower when the paper 
base is tinted than when it is white, because the 
tint darkens the lightest tones. A tinted paper 
surface reflects only 30-50 per cent of the light 
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falling on it, compared with up to 90 per cent 
for a really white surface. 

A warm tone image has a shorter range than 
a pure black one because it can never reproduce 
such deep shadows. 

Semi-matt and rough surfaces scatter the 
light falling on them. This also increases the 
visual brightness of the shadows and so narrows 
the available range of tones. (This explains why 
matt prints often appear to lack brilliance and 
why they look brighter and more contrasty 
when they are wet than they do after they have 
dried.) 

The maximum visual contrast is given by a 
pure black-and-white glazed glossy print. The 
white is the brightest possible, while the smooth 
surface and black tones ensure low reflectivity 
in the darkest image areas. 

But the photographer who goes in for unusual 
paper surfaces runs the risk of distracting 
attention from the subject matter of his photo- 
graph. Most photographs, in fact, look best 
when printed on a non-committal, semi-matt, 
print surface, on white or ivory-white paper. 

DAYLIGHT PAPERS 

At one time daylight papers were very widely 
used for making positive prints. They form a 
visible density directly on exposure to actinic 
light, whereas development papers do not show 
the effects of exposure until treated with a 
developer. 

The sensitivity of daylight papers is very 
much less than that of development papers, 
and they are nowadays very little used except 
in cases when their slow speed and special 
characteristics are an advantage. 

There are several different types of daylight 
papers, and a variety of formulae for preparing 
daylight printing emulsions. 

Printing-Out Papers. Print-out papers are 
usually coated with a sensitive emulsion of silver 
chloride in gelatin or collodion. Their sensi- 
tivity is so low that they may safely be handled 
in ordinary artificial light, and even in subdued 
daylight. 

As collodion surfaces are delicate and sensi- 
tive to mechanical injury they must be handled 
carefully. 

Print-out papers usually give a reddish image 
which is toned with gold or platinum before 
fixing to produce sepia to brown prints. Ordin- 
ary print-out papers are mostly used by pro- 
fessional photographers for proof prints. 

Some so-called self-toning daylight papers 
incorporate the gold toning salts in the emul- 
sion. Such papers tone automatically in the 
fixing bath and do not need a separate toner. 

Before 1939 most manufacturers produced 
both ordinary and self -toning daylight papers. 
Nowadays self-toning papers have practically 
disappeared from the market. 

Special Daylight Materials. Other daylight 
printing materials rely on the sensitivity of 
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either ferric salts or of colloids like bichro- 
mated gelatin. 

In iron printing papers the action of light 
reduces ferric salts to the corresponding ferrous 
compounds. These in tum can be made to form 
usable images in a number of ways. 

In the obsolete platinotype and palladiotype 
papers, the ferrous compounds reduced 
platinum or palladium salts to the corres- 
ponding metals, thus producing permanent 
platinum or palladium images in attractive 
tones of brown. 

In the same way the ferrous compounds can 
be made to react with silver salts to form a black 
silver image (Kallitype process). 

A blue image can be produced by making the 
ferrous salts react with potassium ferricyanide 
to precipitate Turnbull's Blue as in blue-print 
papers. 

In certain types of blue-print paper the 
mages are formed from the unexposed ferric 
salt. These papers therefore give negative 
prints from negatives, and positives from posi- 
tive transparencies. 

Iron printing out materials are mostly used 
for photomechanical reproduction of drawings, 
plans, etc. 

Bichromated colloid (gelatin, gum, glues) 
materials make use of the tanning action of 
bichromates on colloids that have been exposed 
to light. This renders the gelatin or gum in- 
soluble in the exposed parts of the print. The 


rest remains soluble and can be washed off with 
hot water to leave a relief image. 

If the gelatin coat is coloured with a pigment 
a visible pigment image is left after washing. 
This is the principle of the carbon and carbro 
processes. 

The tanned gelatin image also possesses the 
property of taking up greasy inks in proportion 
to its degree of exposure and consequent 
hardening. This method of pigmenting the 
image is the basis of the oil (and derived 
bromoil) processes. 

Bichromated colloids are extensively used in 
photo-engraving to produce etching resists and 
other images by the action of light. 

Other daylight printing materials utilize 
the action of light on certain diazo compounds. 
After exposure, these compounds lose their 
ability to produce dyes by coupling. So by 
treating the material with suitable couplers 
after exposing it under the negative, the un- 
exposed parts of the image form a dye image 
but the exposed parts remain unaffected. This 
produces a negative image from a negative 
and a positive from a positive. Like blue-print 
papers, diazotype materials are mainly used 
for photomechanical reproduction. L.A.M. 

See also: Contrast ; Glossy paper; Keeping qualities of 
materials; Printing materials; Sizes and packings; Supports 
for emulsions; Variable contrast papers. 

Books: Enlarging, by C. I. Jacobson (London); The 
Complete Art of Printing and Enlarging, by O. R. Croy 
(London). 


PARA-AMINOPHENOL. (Free base) 1- 
amino-4-hydroxy-benzene. Developing agent 
used in certain concentrated developers. 

Formula and molecular weight: NH,C,H t 
OH; 109. 

Characteristics : White crystalline powder. 

Solubility: Slightly soluble in water at room 
temperature. Freely soluble in alkaline solu- 
tions, especially caustic alkalis. Very slightly 
soluble in sulphite solutions. 

PARA-AMINOPHENOL HYDROCHLO- 
RIDE. I -amino-4-hydroxy benzene hydrochlo- 
ride. Developing agent. 

Formula and molecular weight: NH,HCIC, 
H 4 OH: 145 5. 

Characteristics: White powder. 

Solubility: Fairly soluble in water at room 
temperature. Freely soluble in alkali solutions. 
Very slightly soluble in sulphite solutions. 

PARABOLIC MIRROR. Silvered glass or 
metal reflector of which the cross-section along 
the axis is a parabola. This shape has the 
property that if a point source of light is 
placed at its geometrical focus, the light re- 
flected by the mirror will be a parallel beam. 
In practice, this condition can never be com- 
pletely achieved because there is no such thing 
as a point source. 


Parabolic mirrors can be used in spotlights 
instead of the conventional condenser lens. 
Parabolic reflectors also have special uses. 

Sec also : Mirrors; Reflectors. 

PARALLAX. Apparent alteration in the relative 
position of two objects that occurs when there 
is a change in the viewpoint of the observer. 
Also, term generally applied to the difference 
between two viewpoints. Because of parallax, 
the picture seen in the viewfinder of a camera 
is not the same as the picture seen by the lens, 
some inches below or to the side. 

The effect is not serious at distances beyond 
about 6 feet, but closer than this it is necessary 
to allow for the difference in viewpoint Some 
viewfinders automatically tilt to allow for 
parallax in close-up pictures, others are 
calibrated and can be adjusted for the subject 
distance. To do this, the subject distance is 
measured, or read off the rangefinder scale if 
one is fitted, and a calibrated scale ring on the 
finder is set to the same figure. This action 
automatically raises or lowers the front or back 
window of the finder to make the field of view 
correspond to that included by the lens. In 
some makes of twin-lens reflex camera a mask is 
built into the viewing screen and coupled to 
the focusing mechanism so that parallax com- 
pensation is automatic. 
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TWIN LENS CAMERA PARALLAX. Where the viewfinder It in 
a different posidon from the camera lens, it necessarily covers 
a slightly different view. At near distances this may lead to 
parts of the subject (e.g., the top of a portrait head) being cut 
off in the negative. Top: Uncorrected parallax error in twin 
lens reflex camera. Upper centre: Correction by masking the 

f nder so that it always covers less than the film. Lower centre: 
i/tinf the finder lens downwards at near distances. Bottom: 
Optical wedge, defiecdng finder beam for close-ups; the field 
covered becomes the same, though the viewpoint does not. 

This type of compensation is only approxi- 
mate and becomes more and more inaccurate 
as the subject gets closer. If, for example, the 
camera lens is looking directly at the face of a 
small cube, the top of the cube will not appear 
in the picture but even when the viewfinder is 
tilted the picture it sees will still include the 
top of the cube. In practice, however, the dis- 
crepancy only becomes serious at distances too 
close for normal photography. 

The only type of viewfinder f ree from parallax 
error is the focusing screen of the single lens 
reflex camera. 

PARALLAX STEREOGRAM. Composite 
positive print or transparency prepared in such 
a way that when viewed from a particular 
distance with both eyes a stereoscopic picture 
results. The stereogram actually consists of a 
combined stereoscopic pair with each picture 
broken up into very fine strips. The pictures are 
printed so that the strips of left and right hand 


pictures alternate. This Is then covered by a 
suitable grid. The spacing between picture 
strips and grid lines, and the separation of the 
two, are so chosen that when looked at from 
the correct viewing distance each eye sees its 
own picture strips while its view of the other 
set is blocked by the grid lines. 

Parallax stereograms can be printed from a 
normal stereoscopic pair or they can be made 
directly from the subject. In one typical system 
the original negative is made in a camera on a 
single plate behind a suitable grid. The camera 
has two lenses, separated by the interpupillary 
distance, and associated with a pair of prisms. 
The prisms bend the incoming rays of light 
towards the centre so that the images formed by 
the lenses are superimposed instead of lying 
side by side. 

If the right and left images formed on the 
plate by the grid were printed in the normal 
way, the resulting picture when viewed would 
be pseudoscopic in exactly the same way as a 
normal stereoscopic pair printed without trans- 
position. The correct viewing conditions are 
achieved, however, by simply shifting the 
viewing screen the width of one line to the 
side. This produces the same effect as trans- 
position in printing a normal stereoscopic pair. 

"Hie prisms used with the taking lenses in this 
method produce lateral inversion which is 
inevitable in the interest of simplicity. 



PARALLAX STEREOGRAM. A grid arranged above a composite 
left and right eye stereogram permits each eye to see only the 
strips corresponding to its own view . 

The principle of the parallax stereogram has 
been applied to numerous stereoscopic systems. 
Instead of grid lines, a screen of lenticular 
lenses may be used, and by making numerous 
exposures from slightly differing viewpoints it 
is possible to produce a picture which presents 
a changing aspect when the viewpoint is moved. 

Se« also: Lenticular system. 

PARA-PHENYLENE DIAMINE. (Free base.) 
1 : 4-diaminobenzene. Developing agent in fine 
grain developers. 
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Formula and molecular weight. C,H 4 
(NH,),; 108. 

Characteristics: Brownish white powder. 
Solubility: Fairly soluble in water at room 
temperature. 

PARA-PHENYLENE DIAMINE HYDRO- 
CHLORIDE. 1 : 4-diaminobenzene hydro- 
chloride. Developing agent in fine grain 
developers. 

Formula and molecular weight: CACNHi 
HC1),; 181. 

Characteristics: White powder. More stable 
than para-phenylene diamine. 

Solubility: Fairly soluble in water at room 
temperature. 

PARAXIAL. Term used in optics to describe 
rays near the optical axis of a lens. Rays 
farthest from the axis are termed abaxial. 

PASSE-PARTOUT. Gummed material for 
framing pictures. The picture is placed facing a 
sheet of glass of the same size and the two are 
bound together by passe-partout binding 
passed around the edges. The gummed tape 
is sold by stationers in a range of colours 
together with backing, hanging loops, etc. 

See also: Framing photographs. 

PASSPORT PHOTOGRAPHS. Full-face por- 
traits with a trimmed size of between 2 x 1J 
ins. and 2J x 2 ins. included in passports. 
As the photographs are intended purely for 
identification their standard does not need to 
be high in other respects. For this reason pass- 
port photography is generally carried out at 
cut-price rates by firms which specialize in 
cheap portraiture. Two such portraits must be 
provided with a passport application in Great 
Britain ; one to paste into the passport and the 
other for the official files. 

See also: Identity photographs. 

PASTE. Two types of paste are used in 
photography — mountant pastes, for sticking 
prints to mounts and into albums, and en- 
caustic paste which is rubbed into the surface 
of a print to improve its appearance. 

PATENTS. The grant of British Patents for 
inventions is governed by the Patents Act, 1 949, 
and the Patents Rules, 1949. Copies of the Act 
and Rules and Patent Office publications may 
be consulted free of charge at the Patent Office 
in London and various major public libraries. 

The following brief notes are intended as an 
introductory guide and are not to be con- 
sidered as taking the place of the more com- 
prehensive pamphlets which are available free 
of charge from the Patent Office. 

Obtaining a Patent. An application for a 
Patent has to be made on a special form (£1 
fee) and must be accompanied by a descrip- 


tion of the invention (known as a specifi- 
cation) together with drawings if necessary 
for a clear understanding of the invention. 
The specification may be either Provisional 
(no fee) or Complete (£4), but if Provisional 
it must be followed by a Complete Specifi- 
cation normally within twelve months. This 
time allowance is to enable the invention 
to be more fully developed and careful con- 
sideration to be given to the drafting of a 
Complete Specification. This must be a full and 
detailed description from which a competent 
workman could cany the invention into 
practical effect using only the document and 
drawings (if any) and without further direc- 
tions. The Provisional Specification, on the 
other hand, need only disclose the basic 
features of the invention, although as much as 
is possible should be described. The filing of an 
application (£1) with a Provisional Specifica- 
tion gives the inventor an option, so to speak, 
on a consequent Patent, and thereby forms an 
interim measure of protection. A Provisional 
Specification does not constitute a Patent but 
merely forms a legal basis for an earlier date 
(the priority date) to be accorded to a subse- 
quent Complete Specification. A Provisional 
Specification is not published, and its contents 
remain confidential to the Patent Office until a 
Complete Specification is filed and accepted. 

No models are required nowadays. Patents 
are granted on payment of a sealing fee of £3 
following satisfactory examination of the 
documents. Thus the basic cost of obtaining a 
Patent is £8 (£1 on application, £4 on filing a 
Complete Specification, and £3 sealing fee) 
and this covers the first four years from the 
date of filing the Complete Specification. 
Thereafter annual renewal fees are payable (if 
it is desired to keep the Patent in force) until 
its final expiry after sixteen years. 

The granting of a Patent does not imply that 
there is any commercial value in the invention, 
and it should be realized that very few of the 
20,000 inventions patented annually ever be- 
come a financial success. 

A Complete Specification must end with a 
summary of the main novel feature of the 
invention and any important subsidiary 
features. This should be in the form of clear, 
brief statements (known as claims). 

Value. The value of a Patent depends mainly on 
the wording and validity of the claims of the 
final Complete Specification. Counsel are some- 
times employed to draft claims. Obtaining a 
really useful Patent can be an expensive enter- 
prise and the would-be patentee is strongly 
advised, before filing a Complete Specification, 
to consult a reputable manufacturer as to the 
probable value of his invention. Some manu- 
facturers advertise their willingness to consider 
“gadgets” and give experienced advice as to the 
best course to adopt. The reputation of such 
advertisers should be checked before disclosing 
what might be a valuable idea, and the prior 
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filing of an application for a Patent with a 
Provisional Specification is always a wise pre- 
caution. As a Provisional Specification must be 
followed by a Complete Specification within 
twelve months, a manufacturer should be 
approached well before the end of that period 
to leave enough time to proceed with the 
application. 

Patent Rights Abroad. If it is desired to obtain 
Patent rights outside the United Kingdom 
application has to be made to the government 
of the country in which protection is desired, 
be it one of Her Majesty’s Dominions or a 
foreign state. The procedure varies consider- 
ably and prospective applicants are advised to 
consult a registered Patent agent. Under the 
terms of an international convention an appli- 
cation for a Patent in most countries abroad, 
if made within twelve months of the date of 
application in the United Kingdom, has the 
same effect as if made on the day the applica- 
tion was made in the United Kingdom. A list 
of such countries is given in the free literature 
available from the London Patent Office. 
Patents in tbe U.S.A. The United States of 
America offers a particularly wide market for 
photographic equipment and its Patent proce- 
dure is therefore worthy of special attention. 

An application for a Patent has to be made 
with a formal Petition (this usually includes a 
Power of Attorney in favour of a registered 
patent attorney or agent) and Oath of inven- 
torship, accompanied by a full description of 
the invention is the form of a specification 
(including a drawing in every instance where the 
nature of the case admits of illustration) and 
Claims (stating precisely what is to be pro- 
tected). A filing fee of $30 must be paid. On 
approval a further fee of $30 is payable before 
a Patent is granted. There are no further fees 
or taxes and the protection lasts for 17 years 
from the date of issue. 

The most vital part of the application is the 
Claims and as these have to be filed in the first 
instance it is desirable to employ a patent 
attorney. Names of attorneys may be obtained 
from the nearest Patent Law Association. This 
will, of course, increase the cost of obtaining a 
Patent. It is wise to have a search made before 
applying for a Patent as the filing fee is not 
returnable if no Patent is granted. 

There are several good books published 
giving practical advice on all aspects of inven- 
torship. These may be consulted in public 
libraries or obtained from the Patent Office in 
Washington. 

Should the cost of obtaining a Patent be a 
deterrent there is an alternative course avail- 
able. This is to make a complete written descrip- 
tion, in duplicate, of the objects and purpose of 
the invention, describing its construction and 
operation in detail, including whatever draw- 
ings or sketches assist in understanding it. One 
copy of the papers should be signed and dated 
by the inventor and two reliable witnesses 


who understand the invention. The signed copy 
should then be carefully preserved and the 
unsigned copy sent to a likely manufacturer. 
This procedure is even more valuable if the 
invention has first been put into practice and 
successfully operated before two witnesses who 
understand it. Only manufacturers of repute 
should be consulted as there is no legal redress 
until a Patent (for which it is valid proof of 
inventorship) has been obtained. R.E. 

PAUL, ROBERT WILLIAM, 1869-1943. 
English engineer and scientific instrument 
maker. Pioneer of cinematography. Copied 
Edison’s Kinetoscope in 1894. Built in 1895 a 
cine camera, and in 1896 the first English cine 
projector, the “Theatrograph”. Made the first 
English films; later he made (with Professor 
Silvanus Thompson) animated films for 
teaching. In 1912 he abandoned cinemato- 
graphy and devoted himself entirely to preci- 
sion instrument building. His works were taken 
over in 1920 by the Cambridge Instrument 
Company. 

PEARL LAMP. Ordinary filament lamp with 
a bulb sprayed or frosted to diffuse the light. 
Not to be confused with the opal type of lamp. 

PELLET PROCESS. Specialized application 
of the iron salt process for giving positive 
blue-line copies of line tracings — e.g., en- 
gineering drawings and architects’ plans. 

See also: Obsolete printing processes. 

PELLICLE (PELLICULE). Thin film used 
as semi-reflecting surface in one-shot colour 
cameras. Also word sometimes used for the 
thin layer of emulsion covering a plate or film. 
The term occurred in the early Pellicle processes, 
in which commercially prepared emulsion was 
used for coating dry plates at home. 

See also : Beam splitter. 

PER CENT (%). Parts per hundred. Way of 
stating concentrations of solutions, propor- 
tions, ratios, etc. Thus a 10 per cent solution of 
a chemical contains 10 parts of the chemical in 
every 100 of solution. 

See also: Chemical calculations; Solutions; Weights and 
measures. 

PERCENTAGE SOLUTION. Solution con- 
taining a given quantity of a dissolved sub- 
stance in a stated volume of the solvent — 
i.e., 10 parts of a 10 per cent solution of, say, 
potassium bromide contain one part of the 
bromide. 

Usually a percentage figure refers to weight 
of solid per volume of solution (w/t), but 
in certain cases (e.g., with liquids like alcohol) 
a volume per volume (V/V) solution may be 
meant. For accurate work weight of solid per 
weight of solution (W/W) may be specified. 

See also : Chemical calculations; Solutions. 
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PERFORATIONS. Small symmetrical shaped 
holes spaced at regular intervals down the 
length of special sensitized materials. The holes 
may be in a single row down one side or the 
middle of a film or they may run lengthwise 
down both sides of the film. 

Perforations are mostly employed for cine 
films, although miniature and sub-miniature 
still cameras use perforated film in the standard 
cine gauges. 

The main purpose of perforations is to 
provide a means of film transit (at the same 
time frequently operating a counter which 
measures the amount of film used). Another 
important function of perforations, in cinema- 
tography, is to ensure that the film shall move 
and come to rest with great precision in rela- 
tion to the significant parts of the mechanism — 
e.g.,the picture gate. Owing to the considerable 
reduction and re-enlargement of cinematograph 
pictures in talcing and projection, perforations 
must be of extreme accuracy: errors in the 
dimensions or positions of the holes would 
cause unsteady pictures and rapid wear of the 
various mechanisms. All these dimensions 
(over-all width of film, separation of perfora- 
tions, size of perforation, radius of comer, 
etc.) together with the permissible tolerances 
have been laid down in a number of British, 
American and other Standards. 

History. The standard negative perforation 
devised by Edison was the first to be used, 
and from about 1910 onwards was used for all 
motion picture film, both negative and posi- 
tive. 

In 1925 the present standard positive per- 
foration was adopted when tests had shown 
that the slightly greater height and rounded 
comers gave a longer life to release prints. 

This shape of perforation was completely 
satisfactory for projectors, which are sprocket 
driven, but it was unsuitable for camera equip- 
ment where the perforation is also used to 
locate the film in the gate. All existing cameras 
had register pins which fitted the negative 
perforation with the necessary accuracy, and 
the studios were unwilling to change all the 
cameras in use to the slightly larger and differ- 
ently shaped pin required by the positive per- 
forations. 

Up to the present time, all standard negative, 
master positive, and duplicate negative stock is 
perforated with the barrel-shaped Bell-Howell 
hole, whilst all black-and-white release posi- 
tive stock has the positive perforation. 

Type of Perforation. 8 mm., 9-5 mm. and 16 mm. 
cine films all have the same type of perfora- 
tion — a rectangular hole with rounded comers. 
This is used for reversal and for negative and 
positive stock. 

On 8 mm. film, the perforations are spaced 
at single frame intervals along one side of the 
film. Double-run 8 mm. has the same perfora- 
tions but down each side of a 16 mm. wide 
film. In practice, the film is run through the 


camera twice, using only half the film width 
each time. The film is subsequently split down 
the middle, when it assumes the dimensions, 
etc., of normal 8 mm. film. 

On 9-5 mm. film, the perforations run down 
the centre of the film between the framing of 
adjacent pictures. A special type of 9-5 mm. 
film has two central perforations. 

16 mm. film has perforations along both 
sides with silent film and down only one side 
with sound film; they are spaced at single 
frame intervals. 

The shape of perforations for 35 mm. films 
depends upon the type of film : 

( 1 ) The standard perforation fo r cine nega- 
tive films is circular, but with flats at the top 
and bottom. This is employed for ordinary 35 
mm. negative that runs vertically in both 
camera and projector, in which case there are 
four pairs of perforations per frame. In one 
special wide screen projection system, where the 
film runs horizontally with the longer dimen- 
sion of the negative image along the length of 
the film, there are eight pairs of perforations per 
frame. Another system uses six pairs of per- 
forations per frame, with the film running 
vertically. 

The same perforation shape is also used in 
35 mm. film prepared for use in miniature still 
cameras. 

(2) The standard perforation for 35 mm. posi- 
tive cine films is rectangular with a straight top, 
bottom and sides, and rounded comers; it is 
spaced the same as for normal 35 mm. negative 
film. This shape of the perforation is similar to 
that used on all narrow gauge films and gives a 
satisfactory standard of accuracy combined 
with long working life in projectors. 35 mm. 
“still” positive films also have this kind of per- 
foration (except positives processed by reversal 
from the original exposure). 

(3) Positive films having the widescreen 
pictures taken through an anamorphic lens 
have perforations similar to (2), but rectangular 
and slightly smaller in dimensions; this is to 
make room for the greater horizontal dimen- 
sions of the image and to accommodate the 
magnetic sound tracks that are coated along- 
side the visuals. 

Colour Film. The perforation of colour film is 
more complicated. For processes where three 
coloured part images have to be registered in 
successive operations on printers which, like 
the camera, have register pins, negative per- 
forations have always been used. Integral 
colour processes, which do not call for such 
precise registration, use negative-perforated 
camera stock and positive-perforated print 
stock. 

Other Sensitized Materials. In various types 
of recording devices employing sensitized film 
or paper, perforations serve both to feed the 
strip and often to time the recordings. A recent 
British Standard specification. No. 1193: 1954, 
standardizes the perforations on film and 
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paper, in various widths from 16 mm. to 80 
mm. With the exception of 16 mm., all per- 
forations are identical with the standard 35 
mm. positive perforation. 

The 70 mm. and 80 mm. perforated films are 
also used in special cameras for research work, 
in particular for the study of aircraft and 
guided missiles. 

Certain magnetic sound recording tapes have 
circular perforations to facilitate accurate 
synchronism of the sound recording with the 
picture, although such tape is prone to expan- 
sion and contraction throughout its life. G.H.S. 

See also: Film transport. 

Book: Photo-Lab-Index, by H. M. Lester CNew York). 

PERIODICALS. The function of the periodical 
press is to report on new developments, to keep 
readers stimulated and to serve dealers and 
manufacturers as advertising media in their 
particular market. 

Photographic periodicals are produced by 
independent publishers, photographic societies 
and trade associations as well as by major 
manufacturers and even retailers. Their rev- 
enue is derived only in part from what the 
readers pay for the publication whilst the other, 
sometimes the larger, part is contributed by 
advertisers or sponsors. 

Types. Most periodicals are published monthly. 
Some, however, appear quarterly, bi-monthly 
and a few are weeklies. Prior to the second 
World War, at least two German journals 
were published twice weekly. The frequency of 
publication is, as a rule, due to commercial 
considerations and is of greater concern to 
advertisers than to readers. The actual volume 
of genuinely new and important information of 
photographic interest is limited and thus the 
inevitably repetitive element of the editorial 
contents is as a rule inversely proportionate to 
the length of the period that separates two con- 
secutive issues of any periodical. 

Photographic periodicals may be classified as 
technical, pictorial or trade journals although 
the three groups often overlap. Most amateur 
magazines gravitate towards the middle group. 

Standards, methods and policies vary a great 
deal. Readers' interest always ranks as the first 
consideration in selecting and angling editorial 
material — but first of all must come the decision 
as to what sphere of readers the publication 
in question is to attract. It is at this critical 
stage that the interests of advertisers, organiza- 
tions or sponsors are taken into account and 
where the basic compromise is reached between 
serving the public and paying the publication's 
bread and butter expenses. 

Periodicals professing lofty aims and main- 
taining an aggressive independence have a 
notoriously low chance of survival. This is 
particularly true of those crusading, from time 
to time, for some artistic principle. 

High level technical journals often have to be 
specially underpinned by the photographic 


industry, by learned associations or simply by 
the selfless enthusiasm of their editors and 
contributors. The higher their level the lower 
are the fees they can afford to pay for contri- 
butions. 

Trade and market journals are sometimes 
linked to associations whose interests they 
represent, in which case a fair proportion of 
their contents is bound to be devoted to business 
politics. Independent publications have to aim 
at a brighter editorial approach to compensate 
f or some fi rst hand news which may be monopo- 
lized by the “official organs”. 

The greatest variety of approach to and pres- 
entation of the subject is found among maga- 
zines for amateurs. Their basic components, 
however, are inevitably similar; pictorial exam- 
ples, technical articles, reviews of new equip- 
ment, ideas for gadgets and notes on and by 
personalities and groups. The differences 
result from the choice of readership level, the 
proportion of the contents devoted to the 
various spheres of interest, and, last but not 
least, the personality of the editor. 

Policies. Editors are experts and are reputed 
to know and preach “more and more about 
less and less”. Editors with pronounced per- 
sonal interests in some special aspect of or 
opinion on photography are apt to revert to the 
relevant points with a frequency which is bound 
to slant their work and tire their readers. 
Variety, balanced views, and an invigorating 
outlook, are more easily ensured by a large 
editorial staff than the somewhat out-moded 
device of perennial outside columnists and so 
called steady contributors. 

The contemporary trends in photographic 
journalism generally indicate preference for 
more and better pictorial examples, simple and 
concise copy, bright and stimulating approach 
and free interchange of views with the reader. 
Lengthy dissertations on textbook points and 
theoretical arguments, particularly on vulgar- 
ized aesthetics, are becoming rare. Happily, so 
is also the editor who insists on knowing every- 
thing best. 

Readership. The circulation of periodicals 
varies greatly from country to country and also, 
of course, with their level of contents and the 
business efficiency of their publishers. Top 
circulation claims approach a quarter of a 
million in the United States, well under a 
hundred thousand in Great Britain, around 
fifty thousand in Germany and much lower 
figures in France, Italy, Sweden and Switzer- 
land. 

The advertiser is less interested in absolute 
figures, which in any case tend to be over- 
stated, than in the relative size of specific market 
coverage any periodical may offer and whether 
this coverage is expansive, stationary, receding 
or seasonally fluctuating. 

For the reader, what matters is not how 
many other people read the same magazine 
but whether he likes what he reads. 
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PRINCIPAL PHOTOGRAPHIC PERIODICALS 


Country 

Periodical 

Australia 

Australasian Photo-Review. 
Professional Photography. 

Austria 

Der Photo-Markt. 
Osterreichische Photo-Zeitung. 
Photo-Digest. 

Photographische (Correspondent. 

Belgium 

Foto-Forum. 

Photoramo. 

Britain 

Amateur Cine World. 

Amateur Photographer. 

British Journal of Photography. 

British Kinematography. 

Good Photography. 

Institute of British Photographers’ 
Record. 

Journal of Photographic Science. 
Modern Camera Magazine. 
Photographic Journal. 

Photographic Retailer. 

Photography. 

Photoguide Magazine. 

Canada 

Canadian Photography. 
Canadian Photonews. 

Chechoslovakia 

Fotogrefie. 

Danmark 

Dansk Fotograflsk Tiddsskrift. 
Foto-Magasinet. 

Foto-Tidende. 

Smalfllmbladet. 

France 

Le Photographe. 

L'Offlciel de la Photographie. 

Photo Cin4ma Magazine. 

Photo Cin6 Revue. 

Photo Monde. 

Sciences et Industries Photographiques. 

Germany 

Das Film Tecknikum. 

Der PhotohSndler. 

Fotngrafie. 

Foto Prisma. 

Foto Rundschau. 

Leica Fotografie. 

Photographie und Wissenschaft. 
Photo Magazin. 
Photo-Mitteilungen. 

Photo Technik und Wirtschaft. 

Holland 

Focus. 

Foto. 

Het Veerwerk. 

Italy 

Ferrania. 

Fotografia 

II Corriere Fotograflco. 

II Progresso Fotografico 
La Gazzetta della Fotografia. 
Rivlsta Fotografica Italians. 
Vita Fotografica. 

Japan 

An Camera. 
Asahi Camera. 
Camera Mainichi. 
Nippon Camera. 
Sankei Camera. 

Norway 

Nonk Fotograflsk Tldsskrift. 

Portugal 

Fotografia. 

South Africa 

South African Photography. 

Spain 

A.F. (Arte Fotogriflca). 

Switzerland 

Camera. 

Der Schweizer Photo-Hlndler. 
Schweizer Film. 

Schweizerische Photo-Rundschau 
S. F. B. Mitteilungen. 

Sweden 

Foto. 

U.S.A. 

Industrial Photography. 

Journal of the Society of Motion 
Picture and Television Engineers. 
Modern Photography. 

Popular Photography. 

P.S.A. Journal. 

U.S. Camera. 

U.S.S.R. 

Zhurnal Nauchnoi 1 Prlkladnoi Foto- 
grafii. 


Obviously the reader's choice of periodical 
reading will be conditioned first and foremost 
by his own interests. If these are pictorial, he 
will know only too well what type of pictures 
and so which pictorial magazine he prefers. 
If his interests are technical, his own level of 
understanding will be as sure a guide as any, 
and he will soon learn to distinguish journalistic 
bluif hiding behind terminological fireworks 
from genuine information. If his hobby is 
centred on clubs, exhibitions and societies, he 
has only to look for the journals which provide 
most of that type of news. Specimen copies 
are supplied free as a rule and the choice is so 
wide that there is no reason for any photo- 
grapher not to have the periodical he needs, 
likes and deserves. A.K.-K. 

See also: Books on photography ; Literature on photo- 
graph y . 

Bock; Royal Photographic Society Periodicals Cata- 
logue (London), 

PERxMITS TO PHOTOGRAPH. With cer- 
tain exceptions people are allowed to photo- 
graph anything to which they have obtained 
legal access. The exceptions are subjects 
coming under the Official Secrets Act, certain 
subjects covered by copyright, anything ob- 
scene, views in the Law Courts, and the Houses 
of Parliament. For the latter, permission may 
be granted upon request but only when the 
House is in recess. 

When a photographer wishes to take photo- 
graphs on private property or in a private 
building, requesting permission is a matter of 
good manners. It is always as well to ask before 
starting to take pictures if there is any doubt. 
Permission should be asked to take pictures 
inside cathedrals, churches, historic buildings 
or private houses, and if possible the permit 
should be obtained in advance of the visit. A 
letter to the dean of a cathedral, the vicar of 
a church, or the custodian or owner of private 
property will usually have the desired effect. 

A stamped addressed envelope should always 
be enclosed as an elementary gesture of 
courtesy. 

No one is normally given permission to take 
photographs in a church whilst a service is 
being conducted. The one exception is at a 
wedding ceremony, but in that cas the vicar 
must always be consulted first. 

In some parks and public places it is necessary 
to have permission to erect a tripod. This is 
because a tripod constitutes an obstruction and 
there are often bye-laws controlling or prohibit- 
ing their use. Anyone who particularly wants 
to use a tripod in such places should apply for 
permission to the Park Superintendent. 

No one needs permission to take photo- 
graphs of other people provided the photo- 
graphs truthfully represent the subject and are 
not libellous. Even so it is only courteous to 
ask permission to photograph a stranger, and 
usually an offer to supply a print is all that is 
required to procure a willing sitter. 
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Photographs may not be taken in the cinema, 
at the theatre or the circus without permission. 
The cinema and theatre have the question of 
copyright to consider and although photo- 
graphy is occasionally permitted at the theatre 
the photographer must make sure of it first. 
The circus is a different matter. Permission is 
usually given readily, and one circus even has a 
competition for the best photographs taken 
during a performance. The only provisions are 
that camera users must not stand up, or inter- 


fere with anyone else's enjoyment, nor must 
they use flash except at a special photo-call. 

Photography is also prohibited in most 
military and atomic energy installations. 

Regulations abroad generally follow the 
same pattern as in Britain, though in a number 
of countries restrictions are more severe and 
may include strategic factories, bridges, port 
installations, etc. G.W.P. 

See also: Copyright and the photographer. 

Book : Photographers and the Law, D. Charles (London). 


PERSPECTIVE 


Perspective is a graphic device which artists 
use to reproduce the appearance of scenes and 
solid objects on a flat surface — i.e., for re- 
presenting a three-dimensional subject in two 
dimensions. There is more than one method of 
perspective representation, but the method 
generally employed by draughtsmen and photo- 
graphers is the simplest. This supposes that 
the observer is looking, with one eye, through 
a window pane at the scene, from a fixed view- 
point opposite the centre of the pane. Seen in 
this way, the outlines of the various objects in 
the scene can be imagined as being drawn on 
the glass, and if the whole scene were actually 
filled in with a pencil or brush, the result would 
be a picture in two dimensional perspective. 
This imaginary window will be useful in 
explanations that follow; it must be remem- 
bered, however, that this is only an artificial 
device for convenient description. 

PRINCIPLES 

There are three things that the photographer 
needs to know about perspective: the basic 
principles, perspective as it is interpreted by 
the camera and the subjective aspect — i.e., 
the mental impressions produced by the pers- 
pective picture. 

The picture that would be produced by 
drawing over the outlines of the scene framed 
in an imaginary window pane has only two 
dimensions; it shows the relative positions of 
points in the field of view embraced by the 
frame, but not their distance from the observer. 
Distance in the perspective picture is conveyed 
by size. A football would appear as a circular 
disc, which would grow proportionately smaller 
as the football went farther and farther away. 
One football twice as f ar a way from the observer 
as another would be represented by a disc of 
half the diameter. Similarly the apparent 
separation between parallel lines — e.g., the 
edges of a road or the rails of a railway — 
running away from the observer gets less and 
less as they recede; at one point twice as far 
from the observer as another, the separation is 
half as much; three times farther away, it is 
one-third as much, and so on. On the other 
hand, the separation between parallel lines 


running across the scene paralle Ito the window 
pane is to all intents and purposes constant 
because all points are at the same distance from 
the plane of the window. 

Viewpoint and Picture Plane. An object in the 
scene subtends the same angle at the viewpoint 
as its perspective image on the picture plane — 
i.e., on the window pane. Both the object and 
its image may therefore be regarded as the bases 
of similar triangles whose common apex is the 
eye of the observer at the fixed viewpoint. So in 
a perspective view, the size of the object is to 
the size of the image as the distance of the 
object from the viewpoint is to the distance of 
the image from the viewpoint. 

In other words, when the observer traces on 
the window pane the outline of an object seen 
through It, the closer his eye is to the window, 
the smaller the outline image will be in relation 
to the pane, and the farther away, the larger. 
(If the window is so far away from the view- 
point that it actually touches the object, then 
the image on the screen will be the same size 
as the object.) 

But as the eye of the observer comes closer 
to the window, and the relative sizes of things 
get smaller, more things are included in the area 
enclosed by the frame. And as the observer 



SCALE AND PERSPECTIVE. Moving the picture plane farther 
away from the eye of the observer Increases the scale of the 
image but does not alter its perspective. 
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DISTANCE AND PERSPECTIVE. The relative size of near and distant objects — i.e., their perspective— depends upon their distance 
from the viewpoint. When the viewpoint is close, the relative size of near objects is exaggerated. A: Seen from the near viewpoint 
the first pole appears twice as tall as the second. B: Seen from a farther viewpoint, twice as far away, it appears only 1} times as 
tall. Also, succeeding poles diminish less in size, and the distance between them in the image decreases only slowly. 


backs away from the window, the relative size 
of things seen through it increases and fewer 
things are included in the area enclosed by the 
frame. 

With a short distance between the eye and the 
pane, the eye can survey a wide angle of the 
scene and see a large number of objects which 
form relatively small images in the picture 
plane. With a long distance between the eye 
and the pane, the eye is forced to observe only 
a few objects within a narrow angle of view. 
But since the frame is the same size in each case, 
the few objects that fill it in the second case 
will appear correspondingly larger in scale than 
in the wide-angle view. 

In practice the closest distance at which the 
average human eye likes to look at things is 
8 to 10 inches. So normal scenes are drawn (or 
photographed) as though traced on a picture 
plane about ten inches away from the eye. 

Size and Viewpoint. In the perspective picture 
it is the relative size of objects in the scene that 
fixes their position. Of two objects of the same 
actual size the one that traces the smaller image 
will be the farthest away. But their relative 
sizes — i.e., how much bigger one is than the 
other — will depend on how far they are away 
from the observer. 

If the observer is looking along a line of 
evenly spaced telegraph poles with his back 
against the first, then the third pole, which is 
twice as far away as the second, will be half the 
height. The fourth pole will be only 1£ times 
as far away as the third so it will be only 
2/3 the height. The 25th pole will be 23/24 of 
the height of the 24th, and so on. 

The same relationship will apply to equidis- 
tant points on an object — i.e., the farther they 
are from the viewpoint the closer they approach 
each other. And their separation is greater near 
the viewpoint — e.g., from 1 /2 to 2/3, etc. — than 
it is farther away — e.g., from 24/25 to 25/26, 


etc. So the first telegraph pole in the row appears 
very much taller than the second and the 24th 
appears very little larger than the 25th, yet all 
the poles are the same size and are equally 
spaced. 

The change in relative size depends solely on 
the distance from the viewpoint; it does not 
matter how large or how small an area of the 
scene is included. If the frame of the picture 
cuts off the first twenty-three poles, the second 
pole in the picture — i.e.. No. 25 — will still be 
only 23/24ths the height of the pole in front, and 
not half the height. 

This change in the relative size of objects 
receding from the viewpoint is the thing that 
fixes the perspective of the picture. So the 
perspective is a function of viewpoint only, and 
is not influenced by any other factor. 

Size of Frame. With the eye at any given dis- 
tance from the picture plane, the size of the 
frame does not affect the real size of the image. 
A small frame will include only a correspond- 
ingly small part of the scene while a larger frame 
would include more, but the size of the images 
traced on the picture plane would be the same 
in each case. 

There is no limit to the amount of the scene 
that can be included in the picture; it is only 
necessary to go on increasing the size of the 
frame. But in practice the human eye can 
only, take in objects included in an angle of 
about 50°. So the normal practice is to limit 
the size of the finished picture to dimensions 
that fall within the angle of 50° covered by 
the eye from its most convenient viewing 
distance. This means that the diagonal of the 
picture should be about equal to the viewing 
distance — e.g., a picture looked at from 
10 ins. away should not normally exceed 
6x8 ins. 

Scale. The size of the image traced by an object 
on the picture plane in relation to the size of 



the frame increases as the picture plane is 
moved farther away from the viewpoint and 
towards the scene. If the separation of the view- 
point from the picture plane is doubled, the 
size of objects included in the picture will be 
doubled also. But the same result can be pro- 
duced by enlarging the original picture to twice 
the size. In both cases the perspective of the 
picture remains unaltered and there is nothing 
in the appearance of the image of a particular 
object to show whether its scale has been en- 
larged (or reduced) by altering the viewpoint- 
picture plane separation or by keeping the 
separation constant, tracing out the scene, and 
then enlarging the result. In each case the scale 
of the objects and their perspective will be the 
same. 

Looking from its fixed viewpoint, there is 
nothing to indicate to the eye (apart from the 
purely physical difficulty of focusing very close 
objects) whether it is looking at a miniature 
perspective picture 1 in. away, or one ten 
times as high and wide but 10 ins. away, or 
one 100 times bigger but 100 ins. away. 
Neither the scale nor the perspective nor the 
area enclosed by the frame are changed by 
making the same proportionate change in both 
viewing distance and frame dimensions. So the 
artist can please himself whether he paints a 
miniature portrait to be looked at one foot 
away or a larger picture to be looked at from a 
proportionately greater distance. 

Horizon. If the picture plane is vertical and the 
viewpoint is opposite the centre of the frame 
(the basic assumption in normal plane pers- 
pective) then the horizontal line joining the 
viewpoint to the centre of the frame if produced 
will meet the horizon, and the line of the hori- 
zon will bisect the resulting picture. If the 
horizon is above or below the centre of a 
picture this is either the result of deliberately 
omitting part of the picture, above or below 
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the horizon, or of a departure from the condi- 
tions of normal plane perspective. 

The position of objects in the picture in 
relation to the horizon is an important factor 
that indicates their proportions. Assuming a 
normal viewpoint of about 5 feet from the 
ground, then all points at that height lying 
directly between the viewpoint and the horizon 
will be on the level of the horizon. Wherever the 
line of the horizon intersects objects in the 
picture, the point of intersection will be 5 feet 
above the ground. So the height at which the 
horizon intersects any objects in the picture is 
also an indication of the height of the view- 
point above normal ground level. 

Vanishing Point. In a perspective reproduction 
of a scene, all parallel lines which appear to 
converge will continue to approach each other 
in direct proportion to their distance from the 
observer, until finally they meet at a point on 
the horizon. This point is known as a vanishing 
point; there is one such point for all parallel 
lines lying in the same plane. 

For all parallel lines normal to the picture 
plane the vanishing point lies on the horizon at 
the centre of the picture. As the parallels 
incline to one side or the other of the normal, 
the vanishing point moves right or left until 
finally it passes outside the frame. When this 
happens, the vanishing point will still lie on the 
horizon, but the horizon will have to be ex- 
tended outside the frame. The limit is reached 
when the lines lie parallel to the picture plane 
and the vanishing point lies at an infinite 
distance along the extended line of the horizon. 
Obliqne Perspective. Everything that has been 
said above assumes that the picture plane is 
vertical, but the same principles can be applied 
to show what happens when the picture plane 
is tilted. 

From the point of vie w of an observer drawing 
over the outlines of the scene looked at through 



SIZE OF FRAME AND SCALE. Left: Pictures must be viewed at such a distance that they lie within the angle of view of the eye, 
l.e., 50°. If they lie outside (broken line) they call for an abnormal amount of eye movement. Centre: To lie inside the comfortable 
viewing angle the picture must be looked at from a distance not less than its diagonal. Right: A small picture from a near view- 
point looks the same when enlarged to twice the size at twice the distance. 
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VANISHING POINTS. Parallel lines receding directly from the observer appear to meet at a point ( called the vanishing point) 
on the horizon in the centre of the picture plane. Right: When the parallel lines are at an angle to the horizon, the vanishing 
point lies off the centre or even outside the picture plane. The horizon itself corresponds to the height of the observer above the level 
of the lowest part of the subject. It can be raised or lowered at will. 


a window pane, it makes no difference whether 
the picture plane is vertical or tilted. The 
picture that he traces on a sloping pane will 
still fit over the scene as he sees it so long as he 
looks at it from the same viewpoint and holds 
the frame at the same angle. 

But if the picture traced under these condi- 
tions is looked at in the normal way — i.e., held 
up straight — the relative proportions of the 
various objects will be different from those 
given in a normal plane perspective. 

Suppose the picture had been traced with the 
top of the frame tilted forward towards the 
scene. Then the picture plane would be closer 
to objects in the upper half of the scene than in 
the lower half, and the top would be farther 
away from the viewpoint. This means that the 
objects in the upper half of the scene would be 
reproduced on a larger scale than those in the 
lower half, and vertical parallel lines would 
therefore appear widej apart at the top than 
at the bottom of the picture. They would only 
appear parallel if the picture were sloped away 
from the observer at the original angle at which 
it was tilted. 

In addition to increasing the scale of all 
objects in the upper half of the picture, the 
forward tilt of the picture plane would also 
increase the perspective of the objects in pro- 
portion to their increased nearness. CThe 
difference in size between perspective images of 
objects increases progressively as they approach 
the picture plane as illustrated by the telegraph 
pole example above.) 

Similarly inclining the picture plane to make 
the top slope away from the scene would result 
in a picture in which vertical parallel lines 
would be wider apart at the bottom than the 
top, and the perspective of objects in the lower 
part of the picture would be increased. 

Parallel lines running across the picture 
from side to side would remain parallel on the 


tilted picture plane but their linear separation 
on the plane would increase with increasing tilt 
— in other words the scene would be stretched 
out from top to bottom, a smaller amount of 
the scene being drawn out to fill the full height 
of the frame. A similar thing occurs when a 
circle of light shines on to an oblique surface: 
the circle becomes elongated and requires a 
larger area to accommodate its full circum- 
ference. 

So tilting the picture plane has three effects 
on the appearance of the perspective picture: 

(1) It enlarges the scale of objects progres- 
sively as they are brought closer by the tilt. 

(2) It increases the perspective of objects 
brought closer by the tilt. 

(3) It elongates the subject in the direction of 
the tilt. 

Panoramic Perspective. It has already been said 
that there is no limit to the amount of the 
scene that can be included in the picture by 
making the frame larger — or by bringing the 
viewpoint closer to the picture plane. This is all 
very well in theory, but in practice there are 
objections because the human eye is unable to 
embrace an angle greater than about 50° 
and pictures covering such a wide field are 
apt to appear distorted when looked at in 
the normal way. 

The apparent distortion results from the 
fact that the picture plane is only really 
normal — i.e., square on — to the line of sight 
at the very centre. Hie picture plane becomes 
increasingly oblique to the line of sight away 
from the centre, and the bigger the frame, the 
more oblique will be the angle of the picture 
plane at the edge of the picture. 

It was shown above that when the picture 
plane is at an oblique angle the result is to 
enlarge, elongate and increase the perspective 
of the objects traced out on it. All these effects 
occur towards the edges of the field covered by 
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the picture plane and are more pronounced as 
the edges get farther away from the centre. 
Cuired Panoramic Perspective. There is an- 
other way of arriving at a perspective view of 
an abnormally large scene which has none of 
the aMve objections. This is to trace out the 
scene on a curved picture plane with the view- 
point at its centre of curvature. In this case the 
picture plane is always normal to the line of 
sight, so there is no distortion of the picture 
towards the ends of the picture. There are in 
fact no “ends” to the picture; it can extend for 
the whole 360° of the horizon. 

The viewpoint in this type of panorama must 
always be at the centre of curvature and the 
picture plane must be curved ; if the picture is 
viewed normally it appears false. 

The image formed at the focal plane in the 
camera corresponds to the image that would be 
traced by an observer with his eye in place of 
the lens on a picture plane at the focal distance 
of the lens. (Except that the camera image is 
inverted because the light rays from the subject 
cross over in passing through the lens.) 

PERSPECTIVE IN THE CAMERA 

The image formed on an 8 x 10 ins. focusing 
screen by a 10 ins. lens corresponds exactly to 
the picture that an observer would see if he 
looked at the same scene through an 8 x 10 
ins. window 10 ins. away from his eye. If a 
miniaturecamera with a 2 ins. lens were pointed 
at the same scene, the image formed on the film 
would compare in every respect with the picture 
on the focusing screen of the larger camera 
except that it would be 2/10 the size — i.e., 1 /5. 
It would correspond to the image formed by 
moving the picture plane from 10 ins. to 


be identical with the 8 x 10 ins, picture. 
Similarly a camera with a 5 ins. lens would 
give a picture which would be identical with 
the 8 x 10 ins. picture after being enlarged two 
diameters. 

Normal Leases. The general aim in taking a 
photograph is to recreate the impression of the 
original scene. While the original scene would 
be related to a picture plane of any size at any 
distance from the observer, people mostly hold 
things about 10 ins. away for comfortable 
viewing and their eyes have an angle of view of 
about 50°. So a photograph should reproduce 
the effect of looking at the original scene 
through a frame with a diagonal of 10 ins. and 
held 10 ins. away from the eye. This gives an 
angle of view of approximately 50°. 

These conditions can be met directly by a 
camera with a 10 ins. lens working on a plate 
with a diagonal of about 10 ins. — e.g., a 
whole plate (6£ x 8£ ins.) camera. A contact 
print from such a camera held 10 ins. away 
from the eye would reproduce the effect of 
looking at the original scene through a 6£ 
x 8£ ins. window. The same conditions can be 
met by subsequently enlarging the negative 
from a 2 ins. lens five times, a 3 ins. lens 3*3 
times and so on. 

In each case, to fulfil the required viewing 
conditions, the focal length of the lens must 
be approximately equal to the diagonal of the 
plate or film covered. Such a lens is regarded as 
the normal lens for that particular negative 
format. The normal lens for a 35 mm. miniature 
camera — negative 1 x 1J ins. (24 x 36 mm.), 
diagonal approx. 1-75 ins. (43 mm.) — is 1 J— 2 
ins. (4-5-5 cm.); for 2£ ins. (6 cm.) square 
cameras — diagonal approx. 3£ ins. (80 mm.) — 
is 3-3J ins. (7-5-8-5 cm.) and so on. 



OBLIQUE PERSPECTIVE. This occurs when the picture plane is at an angle Co Che subject plane. Where the picture plane is brought 
nearer Co Che subject, the scale increases; where it is moved farther away, the scale decreases. AB and cencre: Subject as shown 
on normal picture plane. CD and right: Subject as shown on oblique picture plane. 
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PANORAMIC PERSPECTIVE. AA: At the centre, the picture 
plane lie* at right angles to the line of sight and objects are 
represented in normal perspective. Towards the edge* of the 
picture, the plane becomes more and more oblique and pro- 
duces more and more of the characteristic distortion. When the 
picture plane is wide in proportion to its distance from the eye 
of the observer— i.e., in a panoramic view— the distortion is 
proportionately great. BB: To present a live impression of the 
scene it I* necessary to use a curved picture plane with the 
eye situated at Its centre of curvature. 

Generally, if the normal lens of the camera is 
replaced by one of n times its focal length, 
then the image size will be multiplied n times 
on the new negative while an identical picture 
can also be produced by enlarging the ori- 
ginal negative n times. If the whole of the 
“normal” negative is enlarged, the dimensions 
of the picture will, in addition, be n times the 
dimensions of the long-focus picture. 

Long-focus Lenses. If the picture plane is moved 
farther away from the observer’s eye, it in- 
cludes less and less of the scene but the pers- 
pective remains unchanged; 20 ins. away 
from the eye, the frame will include only half 
the picture width that it included at 10 ins. 
But all the objects in the field included will be 
twice as big in relation to the frame as they 
were before. 

The same effect is produced by doubling the 
focal length of the camera lens. A long-focus 
20 ins. lens will cover only half the field of the 
normal 10 ins. lens, so everything will be 


reproduced at twice the previous size. But the 
perspective of the picture will not be altered. So 
that the same picture would result from en- 
larging the corresponding part of the negative 
taken by the 10 ins. lens (and covering the 
larger view) to twice the size. 

This holds good equally for all other sizes 
of camera and standard lenses when the focal 
length of the lens is doubled without altering 
the viewpoint. 

Wide-Angle Lenses. If the normal picture plane 
is brought closer to the eye — e.g., to 5 instead 
of 10 ins. — the resulting picture will include 
twice as much of the scene. All the ob jects in the 
scene will be half the original size in relation 
to the window, but their perspective will 
remain the same. 

This corresponds to what happens when a 
lens with a f ocal length shorter than normal — 
i.e., a wide-angle lens — is used in the camera. 
As for the long focus lens, if the normal lens 
is replaced by one of 1 /nth the focal length, 
then all objects in the field will be reduced to 
1/nth the normal image size. An identical 
image of the objects common to the normal 
and wide-angle negatives can be produced by 
reducing the scale of the normal image by 
1/nth, but the dimensions of the resulting 
picture would only be 1 /nth the dimensions of 
the wide angle picture. 

CONTROLLING PERSPECTIVE 

It will be clear from what has been said 
above that there is no direct connexion between 
the perspective of the picture and the focal 
length of the lens. From the same viewpoint, 
all lenses give a picture with the same perspec- 
tive. If one lens gives a smaller image than 
another, the situation can be restored by en- 
larging. And no matter what the size of the 
camera or the focal length of the lens, the 
resulting negative can always be enlarged to 



CAMERA PERSPECTIVE. The camera Image farmed tv a 10 
/ns. lens corresponds to the picture tr aced out by an observer 
on a window pane In front of him, 10 Ins. from his eye. AB 
picture p/ane. A,B,, camera Image. 
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FOCALLENGTH AND PERSPECTIVE. The focal length of the lens alters the size, but not the perspective of the Image, provided the 
subject-camera distance remains the same all the time. Top: Subject taken with normal lens. Centre: Taken with wide-angle lens 
from same viewpoint. Bottom: Taken with long-focus lens from same viewpoint. Right: Subject taken with long-focus lens from 
more distant viewpoint gives normal sized image with flatter perspective. 


produce a print which, when viewed from 
the normal distance of 10 ins., will present 
the original scene in its natural perspective. 

The main object in using a long focus (or 
telephoto) lens is to get a bigger picture of the 
subject on the negative when it is not possible 
to get it by going closer to the subject. 

The main object in using a short focus (or 
wide angle) lens is to take in more of the sub- 
ject when it is not possible to include everything 
by moving farther away. 

Neither of these functions is primarily con- 
cerned with the effect of the change on the per- 
spective of the picture. 

But there are occasions when the sole object 
of using these lenses is to achieve a particular 
effect of perspective and not because it is 
impossible to get close enough to include less, 
or far enough away to include more of the 
scene with a normal angle lens. 

Nonnal Lens. Within limits, there is no need to 
use a special lens to control the perspective of 
the picture. Perspective is controlled by view- 
point and nothing else. 

By coming close to the subject, the picture can 
be given the violent type of perspective in which 
objects get smaller very rapidly as they go 
farther away. The disadvantage of this method 
is that as the camera comes closer, the field 
covered by the lens shrinks in proportion, so 
less of the scene appears in the picture. 

By moving farther away from the subject, the 
picture can be given the type of perspective in 
which objects get smaller very slowly as they 
recede. The disadvantage of this method is 
that, as the camera goes farther away, the size 
of the image gets smaller and the picture in- 
cludes more and more of the scene for which 
the photographer has no use. It is possible to 
get over the difficulty by masking off the un- 
wanted part of the scene and enlarging the 
remaining important part to the required size. 


Up to a point this is an excellent plan, but, 
where only a small portion of the negative has 
to be greatly enlarged, the loss of quality is a 
serious drawback. 

There are thus definite limits to the extent to 
which it is possible, with a normal lens, to 
choose a viewpoint which will give the desired 
effect of perspective. The long and short focus 
lenses extend these limits. 

Long-focus Lens. The long-focus leqs gives the 
photographer the large-scale image that is 
associated with a close-up viewpoint, but with 
the gentle perspective associated with a distant 
viewpoint. 

The classic example of this occurs in portrai- 
ture where the perspective resulting from a 
close viewpoint is apt to be neither pleasing nor 
characteristic. There are two separate reasons 
for this. 

(1) The closer the sitter is placed to the 
camera, the greater the disproportion between 
the distances of near and far features becomes. 
When the head of an average sitter is pointed 
towards the camera, the tip of his nose is about 
6 ins. nearer the lens than his ears. So that if 
the camera is 4$ feet away from the sitter’s 
nose, that feature is 1/10 nearer the camera than 
the ears and will be reproduced on a scale 1 /10 
larger than the ears. A more distant viewpoint — 
up to 15 feet — restores the proportions to 
acceptable standards while the use of a lens, 
with a focal length of two or three times normal 
enlarges the image to the same size as would be 
produced by a close-up viewpoint with a 
normal lens. 

(2) As the lens is brought closer to the head 
of the sitter it looks at it from a wider and wider 
angle, and sees less and less of the sides of the 
face. So the features in the centre of the face — 
e.g., nose, mouth, eyes — appear larger in pro- 
portion to the whole area seen by the camera. A 
normal mouth is about one half as wide as the 
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EFFECT OF LATERAL SWING. Top: The camera back is in its 
normal position, i.e., at right angles to the lens axis, and the 
resulting image corresponds to what the eye would see from 
the same viewpoint. Bottom: The back of the camera has 
been swung to bring it more nearly parallel to the left side of 
the building. This has the effect of reducing the convergence 
of parallel lines on that side. At the same time the convergence 
of the parallels on the side at right angles increases. The 
perspective is now abnormal but f or some purposes the eff ect 
may in fact be more pleasing or even necessary. 

face, but from a close viewpoint it may appear 
as much as two-thirds the width, and the ears 
may not even show at all. Such a portrait would 
give a false impression of the actual appearance 
of the face. 

Here again, a more distance viewpoint 
restores the natural proportion, and the long- 
focus lens enlarges the image as needed. 

Wherever it is necessary to prevent objects 
nearer the camera from over-shadowing those 
farther away, the standard technique is, first, to 
choose a viewpoint far enough away to show 
the near and far objects in the desired perspec- 
tive proportions, and then to magnify the 
important area of the scene until it fills the 
whole picture area. This technique applies 
equally to portraiture, still life, landscape 
and architectural photography, and it should 
not be confused with the use of a long-focus 
lens simply to produce a bigger image than 
would be given by a normal lens — e.g., in 
sports photography and astronomy. 


Wide-angle Lens. A near viewpoint gives a 
perspective in which the size of near objects is 
increased in relation to those farther away. 
Where this effect is undesirable, the answer is to 
adopt a more distant viewpoint, but on occasion 
it offers a useful means of lending importance 
to the subject and of playing down other objects 
in the picture area. A lens of normal focal 
length includes less and less of the subject as it 
is brought closer, and so, while the perspective 
of the close viewpoint may be satisfactory, the 
amount of the scene included may be too small. 

A wide-angle lens — i.e., one which has a 
shorter-than-normal focal length — enables the 
camera to be brought close to get the required 
perspective, but it also covers a larger-than- 
normal field, so that the whole of the subject 
included with its angle of up to 100° is the 
same as that covered by a normal lens with its 
angle of about 50° working from a corres- 
pondingly greater distance. The field is the 
same, but the perspective is different. 

This technique is used for making a particular 
object or part of the subject — e.g., a building — 
appear very much larger than the background 
and objects immediately behind it. It is one of 
the ways adopted by press photographers for 
making particular people — e.g., public figures — 
stand out from a crowd. This use of a wide- 
angle lens to control perspective is quite dis- 
tinct from its use from a near viewpoint to 
cover a larger area of the field than could be 
photographed with a normal lens — e.g., in 
making a record of the interior of a building 
where the camera distance is limited. 

Camera Movements. Finally, perspective can 
be controlled in the camera by the use of the 
various camera movements. The principle is 
the same for all the movements of the back of 
the camera — i.e., vertical and lateral swings — 
and for movements of the back in relation to 
the front — i.e., rise and cross front movements. 
(It does not apply to front swings used alone 
because these simply swing the focal plane of 
the lens to increase its effective depth of field to 
cover an oblique subject.) 

Every camera movement of this type used to 
control perspective does it by altering the angle 
between the subject plane and the plane of the 
sensitized material — i.e., of the back of the 
camera. And the principle employed in all 
cases is that: all parallel lines in the scene 
that are also parallel with the plane of the back 
of the camera reproduce as parallel lines; all 
parallel lines in the scene that run at an angle 
to the back of the camera converge to a vanish- 
ing point on the horizon (either in the picture or 
outside it on the extended line of the horizon); 
and the more the parallel lines in the scene 
slope away from the camera, the closer the 
vanishing point lies to the optical centre of the 
picture. The optical centre is the point on the 
horizon immediately opposite the camera — 
i.e., on a straight line from the camera, normal 
to the plane of the sensitized material. 
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Correcting Horizontals. For example, if the 
camera is looking on a comer of a building, the 
sides of the building will each be at an angle to 
the back of the camera. So the side walls will 
each appear to converge to a vanishing point on 
the horizon. Swinging the back of the camera to 
bring it more nearly parallel to one of the sides 
will reduce the perspective of that side and in- 
crease the perspective of the other. On the one 
side, the parallels will open out and the vanish- 
ing point will move farther away from the 
optical centre of the picture while on the other 
side they will converge at a steeper angle and 
the vanishing point will move closer to the 
optical centre. So the perspective of one side is 
changed at the expense of the other. 

This method of perspective control is applied 
chiefly in architectural and industrial photo- 
graphy where two aspects of the same subject 
are to be shown in a single picture by taking a 
three-quarter view. It may be produced by 
simply swinging the back of the camera, but it 
can also result from the use of the cross front — 
i.e., the lens is moved to the side and the whole 
camera turned until the back is at the required 
angle to the subject. 

The principle is also applied — though less 
often — to figure studies to give more pleasing 
proportions. 

Corm.ting Verticals. The same principles apply 
to the correction of the perspective of vertical 
lines. In this case, when the parallel lines make 
an angle with the back of the camera — e.g., 
when the camera is pointed up at a tall build- 
ing — the lines converge to a vanishing point on 
the vertical line through the optical centre. As 
the back of the camera is brought more nearly 
vertical by the use of forward swing of the back, 
the vanishing point moves farther and farther 
away and the verticals become more nearly 
parallel. When the back itself is vertical then 
the vanishing point will be infinitely far away 
and all vertical lines in the camera image will be 
parallel to the upright sides. 

The same procedure applies equally to the 
less usual case in which the camera is pointed 
down as when taking a photograph of one tall 
building from the top of another. Here the 
verticals in the subject will converge to a 
vanishing point below the picture and will 
become parallel when the camera back is swung 
backwards to bring it vertical. 

When either vertical or horizontal perspec- 
tive is altered in this way, the movement that 
restores the parallels also elongates the subject 
in the same direction. This elongation is implicit 
in the process and can only be eliminated by 
subsequently projecting the image in printing 
on to an inclined easel with a negative carrier 
also inclined, but in the opposite sense. 


PERSPECTIVE ANOMALIES 
A perspective picture is essentially a picture 
seen or photographed from one particular 


viewpoint. The picture that the observer traces 
on the window pane will exactly correspond to 
the scene in front of the frame only so long as he 
keeps his eye in the same position. If he looks 
at his tracing from nearer or farther away or 
from one side or the other, the tracing will no 
longer correspond to what he sees through the 
glass. 

In the same way, the picture drawn by the 
camera is only correct when seen from the 
viewpoint of the lens, or when an enlarged 
reproduction is seen from a proportionately 
distant viewpoint. 

If a negative is taken with a normal lens of / 
ins., then a contact print to appear in natural 
perspective must be viewed with the eye / ins. 
away. If it is enlarged n times, then the enlarge- 
ment must be looked at from / x n ins. away. 

Thus, a contact print from a normal nega- 
tive taken with a 10 ins. lens must be looked at 
from a viewpoint 10 ins. away, opposite the 
centre of the print. A contact print from a 
negative made with a 2 ins. lens would have to 
be looked at from 2 ins. away. As the un- 
aided eye could not focus an image as close as 
this, the negative must be enlarged — e.g., 5 
diameters — and the enlargement looked at 
from 2 x 5 = lOins. away. 

An exhibition print, made from the same 
negative, enlarged twenty times would have to 
be looked at from a distance of 2 x 20 = 40 
ins. A quarter of the negative enlarged on 
the same scale would still have to be looked at 
from the same distance to appear in natural 
perspective. 

If these conditions are met, then it does not 
matter from what angle or viewpoint the ori- 
ginal negative was made, nor whether it was 
made with a telephoto, normal, or wide-angle 
lens. The picture will look right. There will be 
no distortion of the perspective. 

But these ideal conditions rarely hold in 
practice; they are more often than not violated 
either in ignorance or deliberately, and in either 
case the perspective of the picture will look un- 
natural. The eye will tolerate a large amount of 
some types of perspective distortion but even 
small amounts of other types will offend it. 
Two principal classes of perspective distortion 
occur in photography; due to incorrect viewing 
distance and due to incorrect viewing angle. 
Incorrect Viewing Distance. In some cases the 
observer does not know the correct viewing 
distance for the picture he is looking at, and 
may even be misled into choosing the wrong 
one. If a print is put into his hand, he will auto- 
matically hold it 10 or 12 ins. away. He might 
then be looking at a contact print from a nega- 
tive made with a 10 ins. lens (in which case he 
will be right) or a 15 x enlargement from a 
negative made with a 2 ins. lens (which he 
ought to look at from 15 x 2 = 30 ins.) or 
a contact print from a negative made with a 
6 ins. wide-angle lens (which he should hold 
6 ins. away). All the prints could be the same 
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VIEWING DISTANCE. Top centre: Normal angle lens from distant viewpoint. Subject too small on viewing from normal viewing 
distance. Top left: Normal lens from closer viewpoint. Perspective still natural when viewed at normal distance. Bottom centre: 
Telephoto lens from distant viewpoint. Subject appears magnified by perspective false when viewed normally. Top right: Tele- 
photo picture observed at greater distance acquires natural perspective but observer loses benefit of magnification. 


size, so that there would be nothing to indicate 
why only one of them looked natural. 

But of ten the choice of the wrong viewpoint is 
deliberate. The commonest example of this is 
in pictures taken with a telephoto lens with the 
object of showing a large image of a distant 
subject— e.g., of a batsman at the wicket. To 
appear in natural perspective, such a picture 
made with, say, a 40 ins. telephoto lens should 
be viewed at 40 ins. At that distance, the 
fact that the bowler and batsman appeared 
about the same size would appear reasonable. 
But the whole idea of the telephoto lens is to 
give a magnified image at the normal viewing 
distance, so the picture is held at 10 ins. This 
gives the appearance of players, not four 
times larger than life (since that would be 
incredible) but four times closer. And at that 
close distance the observer still expects to see a 
noticeable difference in the sizes of the near and 
f ar batsmen. Since they nevertheless persist in 
looking about the same size, the unconscious 
conclusion of the observer is that they are 
much closer together than they should be, and 
that the length of the pitch has shrunk from 
22 yards to about 5. The same effect is notice- 
able in telephotographs of rowing eights in 
which stroke appears to be sitting on bow's 
feet with the rest of the crew sandwiched 
tightly between. 

Again, a picture taken with a wide-angle 
lens would give natural perspective if looked 
at from the viewpoint of the lens. If a 8 x 10 
ins. contact print from a negative made with 
a 6 ins. wide-angle lens were looked at from 
6 ins. away it would look perfectly natural, 
but at 1 0 ins. the ground appears to be sloping 
steeply and the scene has an opened-out 
look that is highly unnatural. Here, however, 
the choice of the lens is dictated solely by the 
problem of getting the widest possible field 
of view from an inescapably close camera 
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position, and false perspective is the price that 
has to be paid. 

The false appearance cannot be removed 
simply by enlarging until the correct viewing 
distance increases to 10 ins., because then 
the eye 10 ins. away is trying to take in a 
picture that extends beyond the normal 50° 
field of vision. No matter how much the wide- 
angle picture is enlarged, the observer will 
tend to back away from it until it subtends 
an angle of about 50° at his eye, and under 
those conditions the perspective will look 
wrong. 

Incorrect Viewing Angle. Even when the eye 
looks at a print from the correct distance, the 
perspective will still look wrong unless it also 
looks from the correct angle — i.e., from a point 
corresponding to the position of the lens at the 
time of exposure. Generally, this is a point 
directly opposite the centre of the horizon on 
the negative. This condition again is often 
violated with the result that the observer feels 
that there is something wrong, without always 
realising that he is looking from the wrong 
angle. 

Anyone looking at an enlargement from the 
right or left half of a negative will automatically 
hold it straight in front of him with his eyes 
opposite the centre of the print. In fact, to get 
the correct perspective, he ought to look at the 
print through one eye from a point opposite 
the edge along which the cut was made — i.e., 
opposite the centre of the original complete 
picture. 

Similarly, when the lower or upper part of a 
print is trimmed away, the eyes of the observer 
should still look at it from a point opposite the 
horizon, whether the trim has left it at the top or 
bottom of the resulting picture. 

The fact that people usually look at a photo- 
graph with both eyes means that the resulting 
effect of perspective is at best only a com- 
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promise. However, the difference in the angles 
from which each eye sees the picture gets less 
as the viewing distance increases: this is one 
of the reasons why a big enlargement is so 
much more pleasing to look at than a small 
print. 

Marginal Distortion. A further cause of 
apparently incorrect perspective in photo- 
graphs arises because the photographic record- 
ing surface is flat whereas the retina of the eye 
is curved. 

The perspective images of objects at the 
edge of a picture, particularly of a wide-angle 
photograph, are drawn out because the picture 
plane is flat and so becomes increasingly 
oblique away from the centre of the field. But 
the image projected on the retina of the eye by 
objects in the field of vision falls on a spherical 
surface, with all points the same distance from 
the eye, so that the perspective is no different 
at the edges from what it is at the centre. 



VIEWING ANGLE. For natural appearance the picture should 
be looked at on a level corresponding to the relative height of 
the camera lens at the time of exposure. If it is seen from a 
timer level— e.g., if it is hanging high up on the wall — it will 
appear in false perspective. Tilting the picture forward counter- 
acts this. TT 1 : When part of the picture is trimmed away for 
effect, the viewpoint does not change. It does not move to a 
point opposite the geometric centre of the print. The picture 
should therefore be viewed from its original viewpoint, even 
if this Is opposite a portion outside the print area. 
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MARGINAL DISTORTION. The images of solid objects are 
progressively distorted towards the margins of the p/ate 
because the off-centre rays meet the plate at an Increasingly 
oblique angle. Distances along radial lines increase here. 

To a man standing in front of a row of 
identical posts stretching away to either side, 
the apparent diameter of the posts gets gra- 
dually smaller as they get farther away. But 
to a camera from the same position, the posts 
will actually get wider and wider away from 
the centre because each successive post records 
its image at a point farther from the lens and 
on an increasingly oblique surface. The result 
of this disparity between the visual and photo- 
graphic perspective is that the eye rejects as 
false the drawn-out perspective of objects 
towards the edges of wide-angle photographs. 
Converging Verticals. The most familiar 
example of apparently false perspective in 
photographs is the inward slope of vertical 
lines — e.g., the sides of buildings — when the 
camera is pointed up. Theoretically, if the eye 
takes up a position corresponding to the lens, 
the sloping verticals would be acceptable be- 
cause the perspective would in fact be true to 
life. In practice, however, for a number of 
reasons, the eye will not accept the fact that 
receding vertical parallels converge although 
it is quite prepared to accept the effect in the 
horizontal plane. One reason is that when the 
eye looks up at a tall building, there is nothing 
to indicate directly that the verticals of it 
converge. 

But when the image appears printed on a 
rectangular piece of paper, the eye can no 
longer ignore the inward slope. Again, the eye 
takes in a vertical building by scanning it from 
bottom to top, and does not consciously com- 
pare the width of the bottom with that of the 
top because it does not see them at the same 
time (except when they are so far away that the 
convergence is negligible anyway). But on the 
reduced scale of even a large photograph, the 
eye can take in the top and bottom at the same 
time and cannot escape the fact that they are 
unequal in width. 
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CONVERGING VERTICALS. A: A picture with converging 
verticals looks natural if viewed from a point corresponding to 
the position of the camera. B: It only appears unnatural when 
the eye Is apposite the centre of the frame. 

The result is that to satisfy the psychological 
dislike of vertical convergence, the photo- 
grapher has to “correct” the natural perspec- 


tive by swinging the back of the camera. In so 
doing he actually falsifies the real facts but the 
important thing is that the parallel verticals 
look right and the photograph becomes accept- 
able. 

Compensation. From what has been said above 
it will appear that most photographs are looked 
at from wrong viewpoints, distances or angles, 
and with two eyes instead of one; so that in 
theory, few people should be able to look at a 
photograph without finding the perspective 
unnatural. In practice, however, there is always 
a certain amount of unconscious compensation. 
From long experience the eye becomes educated 
to accept a wide measure of disparity between 
the real and the reproduction and, fortunately 
for most photographers, there is rarely any 
need to worry about getting exact perspective. 

At the same time, when dealing with straight- 
forward subjects, the more the photographic 
conditions comply with the requirements of 
natural perspective, the better the result will be 
in the finished picture. F.P. 

See also: Camera movements; Circle of confusion; 
Psychology of vision. 


PERUTZ, OTTO, 1847-1922. German photo- 
graphic manufacturer. Started as a chemist, 
bought in 1880 a chemical and pharmaceutical 
firm in Munich, and began manufacturing 
silver bromide gelatin dry plates based on 
Obemetter's formulae. After Vogel’s discovery 
of sensitizing dyestuffs Perutz manufactured 
orthochromatic and later panchromatic plates. 
The first was the Vogel-Obemetter silver eosin 
plate (1884, still manufactured in 1955). 
Perutz also manufactured silver chloride plates 
for lantern slides, sheet films, and plates for 
aerial photography and for photo-mechani- 
cal work, antihalation plates. Introduced at an 
early date controlled procases, testing and 
research laboratories and built a film factory 
in 1922 from which issued 35 mm. films, fine 
grain films, X-ray films, etc. (Denkschrift zum 
7 5 -JShrigen Perutz-Jubi l Sum, Munich 1955.) 

PESTLE AND MORTAR. Heavy porcelain 
or earthenware bowl (the mortar) and a 
pear-shaped ball of similar material fitted with 
a handle (the pestle) used for grinding up 
chemicals to make a powder. 

PETS. The photograph of a cat or a dog is not 
merely a representation of an animal; it is a 
icture of an individual. Every domestic pet 
as its distinct personality and, unless this is 
made clear, the photograph is a failure. The 
photographer must be prepared to study his 
subject and then set out to capture the attitude 
and expression that will convey its character in 
unmistakable terms. This sort of photography 
involves an appreciable amount of patience, 
understanding — and luck. 


The Camera. Stand cameras are unsuitable; an 
animal cannot be expected to wait patiently in 
one place whilst ail the necessary adjustments 
are made. 

Many photographers who specialize in this 
field prefer a reflex camera, as the subject can 
be watched and focused on the screen right up 
till the moment of exposure. The reflex camera 
also has the advantage that it lends itself to use 
at a low viewpoint. 

Others favour the miniature camera, because 
of its great depth of field and interchangeable 
lenses of large aperture. 

There is something to be said for both, but 
no matter what camera is chosen, it should be 
equipped with a large aperture lens or lenses, 
so that it can be operated at reasonably fast 
shutter speeds. All controls should be easy to 
work and the camera generally should be 
handled without any apparent hurry or fuss 
that might disturb or excite the subject. 

The Lens. A long-focus lens has the advantage 
of giving a large image of the subject from a 
relatively distant viewpoint and it helps to cut 
out distracting background objects. At the same 
time, it lacks the depth of field of the normal 
angle lens and calls for a lot of fidgeting with the 
focus if the subject is moving about. The best 
compromise is a lens with a focal length of 
rather more than the diagonal of the picture — 
e.g., a 5 cm. lens on a 35 mm. camera or a 
4 ins. (10 cm.) lens on the popular 2}x 2J ins. 
(6x6 cm.) size. 

The Sensitised Material. Only panchromatic 
materials should be used because it is absolutely 
necessary to show the colour and markings of 
the subject in true tone relation to the surround- 
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ings. Generally, only the fastest films and plates 
are worth considering, but if the lighting 
conditions are good enough and the subject is 
not likely to be restless, a medium speed 
panchromatic emulsion will give the best 
pictures. The fast film, having a coarser grain, 
will stand less enlargement. This, in its turn, 
calls for a closer viewpoint to give a bigger 
image, and very close viewpoints have a number 
of disadvantages. 

Rabbits. No attempt should ever be made to 
photograph a rabbit in its hutch. The closed- 
in top and sides prevent effective lighting for 
modelling and texture. Its coat must look like 
fur; this means side-lighting and accurate 
focusing. A garden table and a suitably plain 
cloth held to form a background is better than 
working on the ground, unless the rabbit is 
white and will therefore stand out against it. 

Closely-cut grass also makes quite a suit- 
able setting, but a sky background is un- 
natural. The shutter speed should not be 
slower than 1 /SO second, and the camera should 
be at the same level as the rabbit if possible. 
No filter is needed. 

Birds in Cages. If the cage has a glass-edged 
base or internal hanging-mirror, these should 
be removed in case they catch the light and 
reflect back into the lens. It is best to stand or 
hang the cage in the garden. Backgrounds must 
be plain; dark-toned for light birds and vice 
versa. Watch out for the sun rays striking the 
plating on bars and fitments. Side or oblique 
backlighting is effective. A supplementary 
lens is needed if a long-focus lens is not avail- 
able— this means shallow depth of field. A 
sky background is very suitable if it is well- 
filtered, i.e., by a 3 x yellow, green or orange 
filter. 

Photographing in a cage indoors in the 
window is possible but more difficult. If the 
camera is pointed directly out of the window, 
the bird and cage will become silhouettes 
against an over-light background. Arranging 
the cage at the side against curtaining, with the 
viewpoint from the other side is more effective. 
Direct sunlight will make snapshot speeds 
quite practicable with fast film. 

Shutter speeds of not less than 1 /1 00 second 
are recommended, although at times the bird 
may be sharply rendered at 1 /SO second. 
Medium-speed film (panchromatic) is best, 
allowing for greater enlargement without 
coarse grain. 

Mice. Tame mice are best photographed out 
of their cage. Outdoor lighting allows faster 
shutter speeds to be used. The camera must be 
as close as possible, and a supplementary lens 
is necessary to get an image of reasonable 
size. 

The mice should be kept off the ground. 
Posing them on coat sleeves, the shoulder of a 
child, etc., gives size contrast and scale. Cloth- 
ing must contrast in colouring and not be 
strikingly patterned. If the mouse is friendly 


with another household pet, particularly a 
cat, placing the two together on a box or 
table will give effective pictures. One or more 
helpers are needed for this. 

Frontal or overhead lighting should be 
avoided. Shutter speeds of not less than 1/100 
second are advised, and a ready trigger-finger 
to capture any fleeting action. 

Goldfish. Photographing goldfish and similar 
species presents two major problems: focusing 
on the fish and coping with movement. The usual 
dodge is to lower a sheet of glass into the tank, 
3 or 4 ins.. away from the front, thus confining 
the fish to a narrow space within a pre-focused 
depth of field and also restricting rapid move- 
ment. Flash is best; the lighting should come 
from above the water and 43° to the camera 
axis. 

A dark background is recommended and a 
shutter speed not less than 1 /SO second if in 
sunshine or Photoflood lighting; synchronized 
flash will give opportunities to increase this 
speed. 

Tortoise. The somewhat drab colouring of the 
tortoise needs careful choice of lighting and 
setting to convey its true character. Flat, sun- 
less lighting is unsuitable; low-angle sunshine 
from the side is best. The camera should be at 
the same level as the tortoise if possible, but 
avoid long grass or camouflaging earthy 
settings. Rough towelling makes a good back- 
ground and base if out of focus and not creased 
or folded. If the shell is wetted it will catch 
highlights and its ribbed markings will be 
emphasized. 

Three -quarters -on or profile are easiest 
positions for successful pictures. No filter is 
needed; the shutter speed should be at least 
1/30 second. Although a tortoise moves very 
slowly, at the close distances necessary for 
photographing, such movement is equal to 
quite fast action farther away. P.J. 

See also: Animals; Birds; Cats and kittens; Dogs and 
puppies; Fish; Insects; Reptiles . 

PETZVAL, JOSEF MAX, 1807-91. Hun- 
garian mathematician. His calculation of a 
fast achromatic lens in 1840 played a very 
large part in the rapid development of portrait 
photography by the daguerreotype process. His 
portrait lens was of large aperture and achro- 
matic for both optical and chemical rays. 
Also designed the Orthoscope lens for land- 
scape and reproduction work. Both these 
lenses marked a great advance on any previous 
lenses in use and were widely used for half a 
century. Biography by P. Ermenyi (Halle 1903). 

PETZVAL LENS. In 1840 Josef Petzval, a 
Hungarian, designed a lens for portraiture, 
and modem lens manufacturers still use his 
principle as the basis of many of their designs, 
especially for projection. 

The original Petzval lens was made by com- 
bining two colour-corrected combinations — 
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very like an R.R. lens with the negative ele- 
ments facing Inwards with a wide space be- 
tween the two seta of glasses. It was generally 
used without a central stop and it gave aper- 
tures up to / 3-6. To-day modifications of the 
original form are used in the Dallmeyer por- 
trait lens and in a number of wide aperture 
lenses for 8 and 16 mm. movie cameras. More 
complex types have been developed from it 
with apertures up to /0-85 and are used for 
cine photography of the image on X-ray 
screens. 

Petzval lenses are used more for projection 
than for anything else because over the rela- 
tively small field covered, the curved field of the 
Petzval lens is tolerable. In apertures up to 
/ 1 -5 or larger they are used for projecting 
lantern slides and all sizes of cine film. They 
are also used in epidiascopes. 

The great drawback of the Petzval lens is its 
curved field. This restricts good definition to 
the centre and explains why Petzval lenses are 
used for projection, where only a narrow angle 
is wanted anyway, and for portraiture where, 
although the angle is greater, loss of definition 
away from the centre does not matter (and in 
fact may even add to the pictorial effect of the 
result). 

Sec also: Lens history. 

PETZVAL SUM. The radius of the curvature 
of field of a lens depends on the number of 
glasses making up the lens and their respective 
powers. This is expressed in terms of a number 
known as the Petzval sum for that particular 
lens construction. 

The Petzval number varies in magnitude and 
sign (plus or minus) with the lens construction ; 
the greater the Petzval sum, the smaller the 
radius of curvature. The normal anastigmat has 
a positive Petzval sum, indicating that the 
curvature is concave to the lens. Some tele- 
photo constructions have a negative sum — i.e., 
their curvature is convex to the lens. 

pH. Alkalinity or acidity of an aqueous solution 
expressed numerically. Figures above 7 rep- 
resent alkalinity; below, acidity. 

Sec also: pH value. 

PHENIDONE. l-phenyl-3-pyrazolidone. Used 
as a developing agent. 

Formula and molecular weight: C,H,N 
(CHj)sNHCO; 162. 

Characteristics: White crystalline powder; 
acts similarly to metol, but can be used in much 
lower concentrations and does not tend to 
cause skin poisoning. 

Solubility: Freely soluble in dilute alkalis, 
slightly soluble in water. 

PHENOL. Carbolic acid. Used as a preserva- 
tive and antiseptic in mountants, also as a 
developer for diazotype. 


Formula and molecular weight : C f H,OH ; 94. 

Characteristics: White crystals with a 

characteristic antiseptic smell. The solid melts 
at 42°C (108 r F.). Both the crystals and their 
solution in water attack the skin and must 
therefore be handled with care. Poisonous. 
Should be kept well stoppered, as the solid is 
hygroscopic. 

Solubility: Fairly soluble in water. 

PHENOSAFRANINE. Used in desensitizers 
and high speed developers. 

Characteristics : Dark red powder (a complex 
dye). 

Solubility : Fairly soluble in water. 

PHILATELY. Philatelic photography — i.e., 
the photography of postage stamps — has three 
main purposes: for illustrating catalogues or 
descriptive articles, for investigating flaws and 
varieties, and for revealing forgeries and fakes. 
Illustration. For catalogue or other illustration, 
stamps are copied at half to one and a half 
times natural size. Such photographs must 
convey as accurately as possible the tones and 
detail of the actual stamp. In black-and-white 
photography this means using a fine grain 
panchromatic film with a green correction filter 
for correct colour reproduction, or a suitable 
contrast filter to show up differences in tone of 
multi-coloured stamps. 

The lighting set-up for straightforward stamp 
photography is similar to normal copying 
lighting, but on a smaller scale. 

In some countries (e.g., the U.S.A.) there are 
legal restrictions on the photography of stamps. 
Flaws and Varieties. Close-ups at twice to ten 
times natural size show up printing or engrav- 
ing errors, varieties, and other small details 
which often make a specimen particularly 
valuable or interesting. To be really informa- 
tive, such photographs usually show both the 
normal and abnormal stamp side by side for 
comparison. Two separate photographs taken 
under identical conditions may also be used. 

Suitable filters may be employed to increase 
the contrast of the image, especially when 
photographing pale colours. In this case the 
filter colour is complementary to the stamp 
colour. Filters may also be used to eliminate 
coloured postmarks where these obliterate 
important parts of the design. The colour of 
the filter in this case is the same as the postmark. 
Fakes and Forgeries. Copying on an enlarged 
scale often reveals mechanical repairs and 
erasures. For these pictures oblique lighting is 
used where it is necessary to show up surface 
irregularities. 

Macrophotographs of this type should 
include a microscale or graticule to permit the 
exact size of details of the design or of over- 
prints to be checked. Faked overprints are one 
of the favourite forms of stamp forgery. 

Photography by ultra-violet rays is used to 
identify the paper of suspected counterfeits 
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because most papers have their own character- 
istic fluorescence under this type of lighting. 
Chemical cleaning, removed postmarks, and 
repairs also show under ultra-violet radiation. 

Infra-red photography is used to investigate 
faked overprints, postmarks, and even repainted 
parts of the original design. Photographs of the 
genuine pigments and those used in the forged 
specimen frequently look quite different taken 
through an infra-red filter on infra-red film. 
Experiments in photographing stamps by 
X-rays and grenz rays have also been made. 

When examining suspected forgeries, a 
genuine specimen is usually photographed 
under the same conditions for comparison. 
Watermarks. Photographs of stamp water- 
marks are taken on a high contrast film or 
plate to increase the low subject contrast. 

Watermarks may be photographed by 
transmitted or reflected -ight. The former 
method gives the better results where the water- 
mark is well defined, and the stamp a mint 
specimen. By using a filter of the same colour 
as the stamp, the stamp design can be practically 
eliminated. But a sheet margin gives the best 
reproduction of a watermark and this is always 
us«l if it is available. 

For dealing with cancelled stamps, the most 
successful technique is to lay the stamp face 
down in a black watermark tray and flood it 
with petrol. The watermark can then be 
photographed from the back of the stamp. This 
needs some care, as some inks are soluble in 
petrol, while on chalk surfaced papers the 
colours run on contact with water. 

Ill-defined watermarks are naturally the most 
difficult to photograph, but they can usually be 
made to show up satisfactorily by being photo- 
graphed by reflected ultra-violet radiation. 

Watermark photographs taken from the back 
of the stamps have to be reversed left-to-right 
in printing to show the pattern the right way 
round. L.A.M. 

See also: Coin ; Copying; Manu cripts and old docu- 
ments; Paintings and drawings. 

Book: Close Range Photography , by C. H. Adams 

(London). 

PHOSPHORESCENCE. A number of 
materials possess the property of absorbing light 
of one wavelength and giving it out as light of 
another wavelength for some time afterwards. 
This property is known as phosphorescence. 
The luminous paint used for the hands and 
figures of watches and clocks is phosphorescent. 

Reproduction processes have been formu- 
lated around the phosphorescent effect, using 
it to store an image which can be used to 
activate photographic layers placed in contact 
vith it. A lantern slide can be printed on phos- 
/horescent material by prolonged exposure. 

It is possible to quench phosphorescence by 
means of infra-red radiation. This effect has 
been used to produce positive images from 
negatives projected by infra-red on to phos- 
phorescent screens. 


PHOSPHOROPHOTOGRAPHY. Indirect 
method of infra-red photography based on the 
property of infra-red rays of being able to 
quench or reduce certain types of phosphores- 
cence. The invisible infra-red image — e.g., of a 
kettle of boiling water — is focused on to a 
glowing phosphorescent surface; it then creates 
a visible negative counterpart by reducing the 
glow in proportion to the intensity of the infra- 
red rays. 

This negative image can then be photo- 
graphed or transferred by contact on to 
ordinary sensitized material, giving in both 
cases a direct positive image. 

Using the same principle it is possible to view 
a negative as a positive. The negative is pro- 
jected by infra-red radiation on to a phosphores- 
cent surface; where infra-red radiation (from 
the clear parts of the negative) falls, the phos- 
phorescence is quenched, thus producing a 
positive image. 

PHOTO. (Prefix.) (From Greek, phos, photos 

= light.) It is used in two senses : 

(1) To indicate an association with light, as: 
photochemistry, the chemistry of the action of 
light; photogen, a kind of paraffin; photogenic 
(in physics), emitting light; photology, study 
of light; photolysis, movement of protoplasm 
under influence of light; photometer (whence 
-metric, -metry), instrument for measuring 
light; photophobia, morbid dread of light; 
photophone, telephone in which the connexion 
is made by a modulated light beam; photo- 
sphere, the luminous zone surrounding the 
sun or a star from which the light and heat are 
emitted; phototherapy, treatment of disease — 
e.g., lupus — by light rays; photosynthesis, the 
process by which plants form carbohydrates 
by the synthesis of water and carbon dioxide 
under the action of sunlight; phototropism, the 
bending of plants — e.g., flowers turning to face 
the sun — under the action of light 

(2) As an abbreviation of photography(ic) 
as : photo montage, phototelegraphy. 

PHOTO-CALL. Full dress tum-out of the 
actors taking part in a theatrical performance, 
musical comedy, ice-show or similar enter- 
tainment, called by the management so that 
suitable scenes can be photographed for 
front-of-the-house and other publicity, for 
distribution to the press, and for the record. 

See also: Theatre. 

PHOTOCHEMISTRY. Study of chemical 
reactions influenced by the action of light. 

The photochemical reaction of main im- 
portance in photography is the decomposition 
of silver halides by the action of light. Other 
reactions which involve the action of light are: 

(1) The reduction of certain ferric salts to 
ferrous (as in the various iron printing methods 
such as blue-print process and others). 
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(2) The tanning of bichromated gelatin or 
glue (as in the carbon and oil proaases and 
also in a variety of photomechanical methods 
of reproduction). 

(3) The bleaching of dyes (as in diazotype) 
and a number of further reactions of little 
photographic application. 

Among the principles established as laws of 
photochemistry, the following are of special 
interest: 

The Grotthuss-Draper law states that only 
those wavelengths of light which are absorbed 
can cause chemical changes in a system. In the 
decomposition of silver halide, short wave- 
lengths are the most active. The light rays 
need not necessarily be absorbed by the reacting 
substance, but can instead activate certain 
photo-sensitizers which absorb different wave- 
lengths from those utilized by the photo- 
chemical reaction. The energy of the activated 
photo-sensitizer is then transferred to the non- 
activated molecules of the reacting system, 
making the latter sensitive to the wavelengths 
absorbed by the sensitizer. This is the basis of 
the sensitization of photographic emulsions to 
green and red light with the help of certain 
dyes. 

The Bunsen-Roscoe law states that the 
amount of chemical change produced is pro- 
portional to the quantity of light absorbed 
(i.e., its intensity multiplied by the time for 
which it acts). In practice, however, the change 
also depends on the intensity of the light. The 
deviation from this law is the reciprocity 
failure. 

It is now accepted as postulated by Planck, 
that radiation is emitted and absorbed in 
definite units or quanta. Einstein's law of 
photochemical equivalence in its original 
form stated that the number of molecules 
reacting should be equal to the number of 
quanta absorbed. (A quantum of energy is 
equal to the frequency of the radiation multi- 
plied by a constant known as Planck’s con- 
stant.) In practice, not every quantum of 
radiation absorbed necessarily causes a photo- 
chemical reaction in a molecule, and the 
effectiveness of the light absorbed is often 
expressed in terms of the quantum efficiency 
of the reaction. This quantum efficiency is the 
ratio of the number of actual molecules react- 
ing for a given amount of light energy absorbed, 
to the number which could theoretically 
react. 

In a photographic emulsion each silver 
halide grain becomes developable when suffi- 
cient light has been absorbed to reduce an 
adequate number of silver halide molecules to 
produce a sensitivity speck on the silver halide 
crystal. The primary quantum efficiency of the 
reaction is nearly 1, and nearly as many silver 
atoms are liberated as quanta are absorbed. 
But to produce an effective sensitivity speck, 
each crystal needs about forty quanta of light 
and the quantum efficiency of the whole process 


is in the region of 2} per cent per crystal. With 
a quantum efficiency of 100 per cent, i.e., one 
quantum per crystal, the material would have 
reached its maximum theoretical speed. This is 
around 45-50° B.S.I. for a fairly coarse-grained 
emulsion. No faster photographic emulsion is 
therefore ever likely to be produced, and it is 
improbable that even this limit will be reached 
with silver halide emulsions. L.A.M. 

See also: Latent image. 

Book: The Theory of the Photographic Process, by 
C. E. K. Mees (New York). 

PHOTO-ELASTICITY. Technique of deter- 
mining, with the aid of light, the stress distri- 
bution in bodies under complex systems of 
loading. 

Plane polarized light is passed through a 
transparent model of the object whose stros 
distribution is required. The model Is sub- 
jected to loads proportional to the loads applied 
to the real object and when viewed through a 
suitable polariscope a pattern of light and dark 
lines is observed which can be recorded photo- 
graphically. In two dimensions the stress con- 
dition at any point can be defined by the 
magnitude and inclination of the two principal 
stresses and it is possible to determine the 
stress distribution in the model from these lines. 

Two types of lines are observed : 

(1) Isochromatic lines, which are coloured 
when using white light and are contours of 
stress. 

(2) Isoclinic lines, which are superimposed 
on the isochromatic lines, are always black, and 
give the directions of the principal stresses. 
Optical Theory. The phenomenon depends 
upon the fact that an isotropic transparent 
material becomes double refracting when 
stressed. Plane-polarized light passing into 
such a material is split up into two components 
vibrating in the directions of the principal 
stresses and travelling through the material at 
different velocities. If these components are 
recombined after passing through the model 
they will interfere if out of phase and produce 
the isochromatic lines observed. 

When the plane of the incident polarized 
light is coincident with the direction of one of 
the principal stresses the light will be cut out on 
recombination in the analyser which is 
"crossed” (i.e., its plane of polarization at 
right angles) with respect to the polarizer. A 
black isoclinic line is thus formed. 

The Model. The model is usually a section of the 
object under investigation, the sensitivity of 
the technique increasing with model thickness. 
Limitations are set on a model thickness due 
to difficulties in obtaining constant stress disi 
tribution throughout the thickness of the 
model. A suitable thickness is about l inch. 

The material of the model is a synthetic 
resin such as phenol formaldehyde resin or 
glyptal resin, the latter being the product 
Bakelite BT-61-893. The surface of the model 
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POLARISCOPE FOR PHOTO-ELASTIC STRESS ANALYSIS. The model, made of a suitable resin or plastic, is placed between crossed 
polarizers, and photographed by a beam of transmitted light. A, fight source. B, filter f or monochromatic light. C and I, condensers. 
D, polarizer. E and G, quarter-wave plates to remove isoclinic lines by circularly polarizing the light. F, scale model of object or 
structure to be tested f or stresses. H, analyser [second polarizer). J, camera. 


must be polished and areas of the sheet material 
chosen which are free from initial stresses. 
Care must be exercised in fabrication of the 
model that no built-in stresses are produced. 
If such stresses are present they may be reduced 
by an annealing process. 

Polariscope. A suitable polariscope for investi- 
gating and photographing the stress distribu- 
tion in models consists of a small light source 
situated at the focal point of a condenser lens. 
The parallel light emerging from this lens 
passes through the polarizer, which can be a 
non-optical quality polarizing sheet, to the 
model. On emerging from the model the light 
passes through the analyser which is an optical 
quality polarizing sheet and then on to a 
second condenser lens at whose focal point the 
camera lens is situated. 

This second condenser should be corrected 
for spherical and chromatic aberration although 
good photographs can be obtained within the 
central part of the field of view with a simple 
lens. With the second condenser lens of 12 or 
18 ins. focal length and 5 or 6 ins. diameter, 
and a quarter- or half -plate camera, it is easy 
to obtain a record of the model which is 
approximately full size. However, this polari- 
scope may be used with almost any size camera, 
including miniature cameras using 35 mm. film 
or 16 mm. cinecameras. 

The isoclinic lines can be removed by inter- 
posing quarter-wave plates at each side of the 
model; the light then passing through the 
model is circularly polarized and the iso- 
clinic lines disappear due to the non-directional 
character of the light. 

With the polarizing sheets and quarter-wave 
plates in position the condenser lenses need 
not necessarily be free from residual stresses. 
Photographic Materials and Technique. For 
most photographic purposes a monochromatic 
light source such as a small low-pressure dis- 
charge lamp is very suitable. With a sodium 
lamp or a mercury lamp with a colour-correct- 
ing filter in front of it to give only the yellow 
lines, a panchromatic negative material must 
be used; with the mercury lamp and a green 
filter orthochromatic negative material may 


be used. In general, however, a medium-speed 
panchromatic material is suitable. 

The exposure is adjusted until the light lines 
of the pattern show a slight density on the 
negative. The development time of the nega- 
tive should be increased by 25 or 50 per cent 
over that recommended for normal subjects in 
order to obtain a result of sufficiently high 
contrast. The prints are made on an appro- 
priate high-contrast grade of white, smooth 
glossy, bromide paper. G.C1. 

Books: Photoelasticity, by E. O. Coker and L. N. G. 
Filoo (Cambridge); Photoelasticity (2 voli.), by M. M. 
Frocht (London). 

PHOTO-ELECTRIC CELL. Device which 
either generates, or produces a change in the 
value of an electric current when exposed to 
light. The type mostly used in photography is 
known as a barrier layer cell and in its basic 
form it consists of an iron disc coated with a 
layer of selenium over the top of which is 
applied a film of gold or platinum thin enough 
to allow light to pass through. 

When light falls on the front of the cell, it 
creates a potential across the boundary 
between the selenium and the gold. When the 
photo cell is incorporated in a light meter, this 
potential is connected to a sensitive micro- 
ammeter. The meter needle is thus deflected in 
proportion to the strength of the light falling 
on the cell and can therefore be calibrated in 
terms of the exposure required under that 
particular intensity of illumination. 

Barrier layer cells are self-generating so that 
there is no need to provide them with an 
energizing voltage. This enables them to be 
built into remarkably compact exposure and 
colour temperature meters, including types 
incorporated in cameras. 

Another type of photocell consists of a glass 
envelope containing a cathode coated with a 
light-sensitive metal such as caesium or potas- 
sium, and an anode which serves to collect 
the electrons emitted. Sometimes the cathode 
is formed by a coating on the inside of the bulb. 
The bulb may be evacuated, or may contain a 
trace of an inert gas such as argon. 
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A steady potential of about 90 volts is main- 
tained between the electrodes from an external 
supply, and under these conditions light falling 
upon the cathode causes a current to flow to the 
anode. In the case of a gas-filled bulb this 
current is intensified by molecular collisions. 
Over a given range, this current is proportional 


to the intensity of the light; it can be amplified 
and used in a number of ways. Photocells of 
this type are used in the sound head of sound 
film projectors, for optical triggering of camera 
shutters and for automatic exposure control 
in bulk film printing machines. 

Sec also: Photo-electric meters. 


PHOTO-ELECTRIC METERS 


Types of exposure meter that measure with 
a photo-electric cell the light reflected from or 
incident on a subject and indicate the correct 
exposure. 

The photo-electric exposure meter is de- 
signed around the so-called barrier-layer photo- 
electric cell. This is a small, metallic-looking 
disc which generates an electric potential when 
light falls on it. The potential is proportional 
to the light intensity and is registered by a 



PHOTO-ELECTRIC EXPOSURE METER Tht meter consists 
essentially of three units: the photo-electric cell, a micro- 
ammeter, and some kind of calculator. Top: The photo-electric 
cell generates a current when light falls on it. A, very thin 
transparent layer of gold. B, contact ring. C, selenium layer. 
D, iron disc. Centre: The micro-ammeter measures the 
current produced by the cell. E. coil. F, magnet. G, scale. 
H, pointer. Bottom: The calculator converts the scale readings 
into exposure values. I, scale readings. J, film speeds. K, 
apertures. L, shutter speeds. Some meters have much more 
simplified calculators or are direct reading once a suitable 
scale has been selected for the film speed used 
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micro-ammeter. The reading of the latter is 
thus a measure of the light intensity, and thus 
of the exposure required under given conditions. 

All photo-electric exposure meters consist of 
a cell-and-meter unit and a calculator which 
converts the meter reading into an exposure 
recommendation based on the speed of the 
photographic material. Various methods are 
used to convert the meter reading into expo- 
sure settings for the camera. 

DESIGN 

The design of photo-electric meters varies 
from one make to another. Although all 
employing the same principle, meters differ in 
methods of use, particularly in translating the 
needle reading into terms of shutter speed, 
aperture and film speed. 

Calculators. The original and simplest device 
for converting the meter reading into an expo- 
sure recommendation consists of two circular 
concentric scales, the outer marked in the whole 
range of shutter speeds and the inner in the 
whole range of lens apertures. The outer scale 
is normally fixed, but it can be unlocked and 
set in accordance with the speed figure of the 
sensitive material. The inner scale can be 
rotated. It carries an index mark on its edge 
that registers against a scale of light values 
marked on the face of the instrument. 

Before a reading is taken, the inner scale is 
set to the speed figure for the sensitive material 
and locked in position. The meter is then used 
to take a reading and the pointer on the outer 
scale is turned to the light value indicated. The 
two scales are now in their correct relation to 
each other to give a complete range of related 
shutter speeds and lens apertures, any one of 
which will give the correct exposure. Whether 
the photographer chooses, say, 1/1000 second 
at /2, 1/30 second at / 11, or any interme- 
diate combination, will depend upon the 
subject conditions. 

Setting Markers. Most current meter types have 
an auxiliary needle which is set to the indication 
of the meter. This act of setting automatically 
adjusts the calculator, allowing the correct ex- 
posure to be read off the calculator scale which 
has been adjusted for the speed of the material 
in use. 

In another method, the meter needle is 
brought to the same point on the scale each 
time by a diaphragm, variable flap, or similar 
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device which alters the amount of light reach- 
ing the photo-electric cell. Both methods are 
favoured with meters which are incorporated 
into cameras, since the act of setting adjusts the 
lens aperture and/or shutter speed of the 
camera at the same time. Some meters intro- 
duce variable electric resistance to bring the 
needle of the meter to the fixed reference point. 
Lon-light Scales. Many meters have a high 
sensitivity scale for use in very poor light. The 
scale is brought into operation by either moving 
a baffle to admit more light to the photocell, or 
by removing resistance from the meter circuit. 
Automatic Exposure Control. Coupled meters 
built into cameras are often advertised as 
automatic, though they still need a manual 
operation of lining up the meter needle with a 
fixed or movable pointer. Several cameras 
feature fully automatic meter control where 
the meter mechanism is directly linked to the 
lens aperture, adjusting the latter by the 
electrical energy generated by the light falling 
on thecell. 

The simplest mechanism uses two slotted 
featherweight aperture discs geared to the 
meter coil. Movement of the slots relative to 
each other enlarges or reduces the effective lens 
aperture. In other systems the meter mechanism 
controls the movement of a mechanical stop, 
and the lens is stopped down to that point 
by a spring-loaded pre-selector iris in pressing 
the shutter release. Miniature servo-motors are 
used in some cine cameras. 

Reflected Light Meters. The commonest type of 
photo-electric meter measures the total amount 
of light which comes from the scene to be 
photographed. While it is the brightness of the 
shadows which determines correct photographic 
exposure in most scenes, the proportion of light 
to dark is fairly constant and the total amount 
of light reflected from the scene gives a reason- 
ably accurate indication of exposure. At the 
same time, the reading needs to be inter- 
preted according to the nature of the subject. 

Since the reflected light meter is meant to 
measure the amount of light coming from the 
scene to be photographed, it must not receive 
light from areas outside the scene. It is usual 
to define an "angle of acceptance” which is the 
angle of the cone of light received by the meter. 
Acceptance Angle. Since the angle of accept- 
ance, if wide, can be a misleading selling point 
with photo-electric meters, it has been defined 
by the British Standards Institution (B.S. No. 
1383: 1947). The angle of acceptance of course 
decides the amount of light reaching a meter, 
so that it also influences the apparent sensi- 
tivity of the meter. 

Sensitivity also has been standardized: a 
certain minimum deflection, i.e., 2 mm. for a 
charge of 2 : 1 in brightness is required by the 
British Standard Specification No. 1383: 1947. 
Limiting Devices. Various devices are used to 
limit the acceptance angle. The simplest 
method is to arrange for the cell to be situated 



ACCEPTANCE ANGLE. Top: The angle of acceptance of the 
meter is usually limited by a hood in front of the cell. The 
curves shown are plots of the amount of light reaching the 
cell from the various directions when the meter is pointed at a 
uniformly illuminated surface. A, shallow hood covering a 
wide angle. B, deep hood covering a narrow angle. C, shallow 
hood with lens. This can still cover a narrow angle but receives 
more light than the corresponding hood alone, and is more 
compact. Bottom: To measure the acceptance angle, bring the 
meter up to a suitable test chart until the needle deflection is 
constant when the cell covers a well defined area, 

at the bottom of a “well”. A single well must 
be deep to be effective, but the depth can be 
decreased by using many small wells, sub- 
dividing the whole area of the cell. 

Another method is to arrange a lens in front 
of the cell to f ocus an image of the scene on the 
cell surface. In th's way a rather larger amount 
of light reaches the cell than by the method of 
using a simple well; and the meter can be 
made much slimmer. Many meters use a multi- 
cellular lens which looks rather like an en- 
larged version of an insect eye. 

Colour Sensitivity. Photo-electric cells have 
about the same colour sensitivity as the human 
eye. They have the same peak in the yellow- 
green, but are more sensitive to blue and red 
than the human eye. Meters vary considerably 
in their colour sensitivity, particularly in their 
sensitivity to blue, and the American Standard 
Specification No. Z52. 12-1944 dealing with 
meters allows quite wide limits for this. 
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SPECTRAL SENSITIVITY. The curves for photo-electric meters 
(solid) are not always the same os for the eye (dotted). The 
upper and lower limits of sensitivity shown are those acceptable 
to the American Standards Association. 

The colour sensitivity of the cell is quite un- 
like that of any photographic material, even 
when colour filters are used to correct the 
colour sensitivity of the material. Thus, when 
using the meter on highly coloured scenes, it is 
possible for exposure recommendations to be 
misleading. This applies particularly to photo- 
graphs of sea and sky scenes of the intense blue 
that sometimes occurs in southern countries. 
Under normal conditions, however, the dis- 
crepancies between the colour sensitivities of 
the cell and the photographic material are not 
important since the colour of the average scene 
is fairly constant. 

Incident Light Meters. In recent yean new types 
of exposure meters have been developed which 
measure the light incident on a scene instead 
of that reflected from it. The principle of opera- 
tion of these meters is effectively that of mea- 
suring the brightness of the brightest spot on a 
scene, this bright spot consisting of a piece of 
white translucent opal material — the receptor — 
which is arranged in front of the photo-electric 
cell. 

The first meter of this type had the sensitive 
surf ace of the photocell covered with a piece of 
opal glass. This glass completely scatters any 
light incident on it, so that the amount reaching 
the cell is always an exact measure of the total 
illumination. The meter is made to face the 
direction from which most of the light is 
coming, although the reading is not very sensi- 
tive to the angle at which the light strikes it. 

Photo-electric meters which measure the 
incident light in this way have become very 
popular in America. In one meter the highlight 
consists of a hemi-spherical translucent matt 
plastic body surrounding the sensitive cell ; in 
another it is a cone of white plastic material 
arranged in front of the cell. The makers claim 
that this type of receptor responds equally to 
light from any direction in front of the meter. 


Apart from the receptor, the construction of 
the incident light meter is identical with that of 
the reflected light meter. 

Measuring incident light has the great advan- 
tage of increased sensitivity since there is no 
need to limit the acceptance angle of an inci- 
dent light meter, and the amount of light 
incident will always be greater than that 
reflected from a scene. 

METHOD OF USE 

The figure indicated by the meter is an indi- 
cation of the strength of the light, and no more. 
Before it can be used for calculating an expo- 
sure, two other factors have to be taken into 
account: what sort of negative the photo- 
grapher wants to produce — dense, medium, or 
thin — and how the meter is used — i.e., what 
fraction of the light coming from the subject is 
actually measured by the meter. 

Adjustment for Type of Negative. No matter 
which of the various methods of use the photo- 
grapher adopts, he aims at getting the type of 
negative that suits his particular style of work. 
This type of negative may be either denser or 
thinner than the negative that would result 
from following the exposure indicated by the 
meter. But the exposure must be increased to 
get a dense negative and decreased to get a 
thin one. So the photographer must correct 
his meter reading so that, if necessary, he 
will consistently under- or over-expose his 
negatives by the right amount to give him the 
negatives he likes. The easiest way to do this 
is to calibrate the meter and adopt a suitably 
revised speed for the sensitive material. 
Adjustment for Method of Use. There are 
several different ways of using a photo-electric 
exposure meter; some depend on personal 
choice, others are dictated by special circum- 
stances. Each method measures a different 
fraction of the light reflected from or falling on 
the subject, and for any given set of lighting 
conditions each will give a different reading. 
But in the end, they must all lead to the same 
exposure, so each method has its own factor by 
which the reading must be multiplied before it 
will give the right answer. 

The conversion factors are only approximate 
They will help the photographer who wishes 
to change temporarily from one method of 
use to another. But if he wishes to adopt the 
new method permanently, he should calibrate 
his meter afresh to arrive at the exact speed 
figure for his purpose. 

Average Scene Brightness. The most common 
method is to measure the average brightness 
of the scene to be photographed. To do this the 
meter is pointed at the scene from the camera 
position, looking at the scene in the same 
direction as the camera. This method is some- 
times described as measuring the light reflected 
from the scene. Used in this way, the meter is 
accurate enough for a surprisingly large number 
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of subjects. So long as the direct rays of the 
sun are prevented from falling on the light- 
sensitive surface of the meter, the exposures 
given should be satisfactory for most general 
purposes, using the speed figure given by the 
maker of the film or plate. But this method does 
not give reliable readings when the picture 
includes the sky. 

Tilting the Meter. In ordinary black-and-white 
photography, at least, it is common practice 
to expose for the shadows. But, using the above 
method of measuring the average scene bright- 
ness, two scenes with the same shadow bright- 
ness which included different amounts of sky 
would give two different exposure readings. 
The one with the largest sky area would show 
the bigger reading and would get too short an 
exposure in consequence. 

For this reason it has become standard prac- 
tice to tilt the meter down at about thirty 
degrees to the vertical so that the sky has no 


part in the meter reading. It is easy to see when 
the sky has been excluded by watching the 
reading as the meter is tilted down. The reading 
will first decrease quite rapidly and then reach 
a steady value when further tilting makes no 
difference. This steady reading is the one to use. 

Since excluding the sky reduces the meter 
reading, it is necessary to compensate for the 
change by adopting a new figure for the speed 
of the sensitive material. On an average type 
of subject, a speed figure double that used 
when pointing the meter straight at the subject 
will be satisfactory. 

Close-up Method. If, instead of using the 
meter from the camera position and tilting it 
down, it is brought close to the important part 
of the subject, the sky is automatically cut out. 
This is a favourite method with many workers 
and so long as a preliminary set of calibrating 
exposures is run off, it gives consistently good 
results. It has the disadvantage that it takes no 



US/NC7 AN EXPOSURE METER. I. Over-oil rtiifectea' light readings taxen from the camera position with the meter pointing at the 
subject. 2. The meter should point slightly downwards to exclude large sky areas. 3. If the light is fully behind the camera, the 
exposure indicated may be halved. A. Against the light, the exposure indicated should be doubled. 5. If the shadows are important, 
the meter reading should cover them at close range. 6. For a h ghlight reading the meter receives the light from a white surface 
lit by the main light. The correct exposure is then about eight times the figure indicated. 7. In substitution readings the meter is 
pointed ct a grey card or other object chosen to match the important part of the scene. The substitute object must also receive the 
same light as the actual subject. 8 . For incident light readings the meter points towards the camera f rom the subject, and thus 
measures the light reaching the subject. The meter cell must be fitted with a suitable diffusing cone or screen. 
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account of the effect of haze between the 
camera and subject. To allow for the brighter 
tone value of the haze, the exposure must be 
shorter by about half, or the normal speed 
ligure for the material should be doubled. 
Allowing for Tone Range. The speed figures sup- 
plied with the meter for normal use from the 
camera position are worked out for an average 
type of subject. If the tone range of the subject 
is especially wide, the shadows will be deeper 
and should therefore have a longer exposure 
than in normal subjects. But the highlights will 
be brighter, thus giving a higher meter reading 
and indicating an even shorter exposure. So 
that to put matters right, the subject should be 
given double the indicated exposure, or the 
normal speed figure for the sensitive material 
should be halved. 

Similarly, if the subject has an unusually 
narrow range of tones, the indicated exposure 
should be halved, or the normal speed figure for 
the sensitive material should be doubled. 

When the exposure is based on the shadow 
brightness, what happens to the highlights 
will depend on whether the tone range of the 
scene is narrow enough for the negative 
material to be able to cope with it. 

Often the tone range will be too wide to be 
recorded by a single exposure, so that either 
the deepest shadows or the brightest high- 
lights have to be sacrificed. So, for critical 
work, the meter must be used to measure the 
whole tone range. If it is too wide it may be 
possible to correct it by throwing additional 
light into the shadows with a reflector or a 
flash bulb. 

The tone range is the ratio of highlight to 
shadow brightness. For an average subject it is 
of the order of 130 : 1. But light is scattered in 
the lens and dispersed into the shadow areas 
of the image on the sensitive surface. This 
compresses the tone range by an amount that 
depends on such things as the properties of the 
lens and the distribution of light and shade in 
the scene. A tone range of 130 : 1 in the scene 
is compressed under average conditions to 
about 30 : 1. 

The tone range is measured by taking a 
reading first on a highlight in the scene, and 
then on some shadow detail. When doing this 
the angle of acceptance of the meter must be 
completely filled by the portion of the scene 
to be measured. 


FILM SPEED FACTORS FOR METER METHODS 


Measurement taken 

Multiply normal 
film speed 
rating by 

Average scene brightness 

1 

Meter tilted at 30 degrees 

2 

Close-up 

2 

Close-up for subjects of wide tone range 
Close-up for subjects of narrow tone 

* 

range 

2 

Shadow brightness 

16 

Artificial highlight 

* 


When shadow detail is an essential part of 
the picture, the shadow brightness can be 
measured direct by bringing the meter close 
up to a representative shadow part of the sub- 
ject. The angle of view of the meter must be 
completely filled by the shadow portion. When 
the meter is used in this way it will give a very 
much smaller deflection than if it had been 
pointed from the camera position. So the speed 
figure for the sensitive material should be 
multiplied by 16 (or the exposure divided by 
16 if the speed scale of the meter will not show 
such a large figure). 

Artificial Highlights. All the methods of using 
a photo-electric meter described so far have 
been concerned with correct rendering of 
shadow detail without reference to what 
happens to the rest of the picture. 

For subjects of wide tone range this may 
mean that the highlights are beyond the range 
of the material so that they will appear “burnt 
out", i.e., lacking in detail. An alternative 
method which guards against this failing is 
coming into use, particularly in America, 
although it originated in England. In this 
method the meter is used to measure the bright- 
ness of an artificial highlight. This may either 
be a highlight present in the scene itself, or 
one which is placed there in the form of, say, 
a white handkerchief. 

The exposure given is based upon this high- 
light reading in such a way that in the photo- 
graph the density of the strongest highlight is 
always the same, no matter what the subject 
or its lighting. In other words, the strongest 
highlight is “tied” to the top of the charac- 
teristic curve just as in the shadow method the 
weakest shadow is “tied” to the toe of the 
curve. 

If an ordinary photo-electric meter is used 
to measure the brightest highlight in this way, 
it will give a very high reading and recommend 
a very short exposure. The exposure recom- 
mended will, in fact, be about eight times too 
short so the indicated time must be multiplied 
by eight, or the normal speed figure divided by 
eight, to get a correctly exposed negative. As 
in all other methods discussed, the exact multi- 
plying factor can only be found by actual 
experiment. 

Using Incident Light Meters. It is but a small 
step from measuring the brightness of an 
artificial highlight to incorporating it in the 
meter itself, as is done in incident light (or 
highlight) meters. 

Incident light meters were originally designed 
to be pointed at the light, but many photo- 
graphers now prefer to point the meter at the 
camera. A hemi-spherical receptor in this 
position is illuminated in much the same way, 
for example, as a human face. The exact shape 
of the receptor apparently does not matter 
much as long as it adds up evenly all the light 
falling on it. Some meters use cones or in- 
verted cones, or even flat screens. 
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It is sometimes necessary — with artificial 
light in particular — to set up an incident light 
meter where the illumination on it is represent- 
ative of that falling on the subject. As a rule, 
however, it is sufficiently accurate to take a 
meter reading from the camera position with 
the meter pointed towards the lens. 

Exposure by incident light meter gives high- 
lights of constant density. This is an advantage 
in any work, particularly for colour materials 
where faulty exposure not only produces f aulty 
tones, but also upsets the colour balance. It is 
again an advantage in any work where the 
tones should appear much the same from one 
negative to the next, because the brilliance of 
the highlights (and especially of the skin tones 
in colour photography) establishes the general 
tone of the picture. 

Duplex Method. Possibly the most critical way 
of using an incident light meter is the Duplex 
method. It involves two meter readings: one 
with the meter facing the camera, the other 
facing the strongest light falling on the subject. 
The camera exposure derived from these read- 
ings is the /-number which is half-way between 
the /-numbers corresponding to the two read- 
ings. In most instances an incident light meter 
in which the light collector is conical or hemi- 
spherical in shape will give an exposure recom- 
mendation which is the same as that given by 
the Duplex method. 

Key Tone Method. The most popular types 
of photo-electric meter aim at correct exposures 
for the shadows, and highlight meters are only 
concerned with the highlights. But there is an 
intermediate method designed to give an 
exposure that will reproduce the medium 
tones at a constant density. 

In this case, instead of pointing the meter at 
the subject, it is pointed at an artificial medium 
tone such as a piece of grey card. The reading 


obtained will of course depend on the reflec- 
tion density of the card and must be calibrated 
separately for any particular tint. 

This key tone method of measuring the 
amount of light from a grey card can be 
applied to any selected tone, darker or lighter 
than the medium grey. Some photographers 
carry about with them a series of grey cards 
from which they select one matching the 
brightness they are interested in. 

They find it easy to stand at the camera posi- 
tion and pick out the card that comes nearest 
to the brilliance of the important part of the 
scene. Once they have decided which card to 
use they simply point the meter at it and take a 
reading. This saves them the trouble of walking 
over to the subject with the meter — a course 
that is not, in any case, always open where the 
subject is inaccessible. 

Incident Light Method with Normal Meters. 
Sometimes the light is so weak that the normal 
meter does not give a reading when pointed 
at the subject in the usual way. When this 
happens the meter can be used as an incident 
light meter and pointed at the light instead of 
the subject. 

The ordinary meter is not calibrated for use 
in this way, and no rigid rule can be laid down 
to suit every meter since not all meters respond 
in a similar fashion. In any case, the nature of 
the subject itself influences the final exposure. 

But as a first rough guide the meter reading 
should be reduced 100 to 1,000 times. Even so, 
it will still be wise to give exposures of i and 
4 times, as well as the estimated exposure, to 
be certain of a good result. W.F.B. 

See also: Actlnometers; Exposure tables; Extinction 
meters; Photometer. 

Books: All About Exposure Meters, by L. A. Mannheim 
(London); Exposure, by W. F. Berg (London); Exposure 
Meters and Practical Exposure Control, by J. F. Dunn 
(London). 


PHOTO-ENGRAVING. Term originally used 
to mean any process based on photography 
for the production of a printing surface. It is 
now generally applied in a more restricted 
sense to the production of a relief printing 
surface by a process based on photography. 

See also : Photomechanical reproduction. 

PHOTO FINISH CAMERA. Special camera 
for producing a photographic record of the 
order of arrival of competitors at the finish of 
a track race. 

The camera is sighted along the finishing line 
and the film is moved in the opposite direction 
to the race at a speed which is approximately 
equal to the movement of the image across 
the focal plane. The image is therefore more 
or less stationary with respect to the emulsion 
surface The film is exposed through a fixed 
vertical slit which coincides with the image of 
the finishing line formed by the lens. 


Before the leaders arrive, the film simply 
records a continuous blur left by the stationary 
image of the finishing line. As soon as the first 
contestant starts to pass over the line, it begins 
to record its image on the moving film from 
the nose backwards along the length of the 
body. Since the image and the film are moving 
at the same speed, the record is sharp, and it 
builds up to form a complete picture as the 
rest of the field crosses the line. 

A time scale in lOOths of a second along the 
film directly shows the winner’s time. 

A while cursor line is introduced into the 
photograph when printed so that the position 
of the winner in relation to near by runners can 
be clearly seen. It is common practice now to 
also have a mirror facing the camera on the far 
side of the track so that, as the camera points 
at it from an angle, a second (reflected) image 
of the runners is also recorded; this helps in 
distinguishing the positions of the leaders. 
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PHOTO-FINISH CAMERA. The film moves past a slit behind the 
lens, aligned with the finishing line of the race. The film move- 
ment is adjusted to the speed of the race. The image of each 
horse starts to build up the moment the horse passes the 
finishing post. A, finishing post. B, lens. C, slit. D, take-up 
cassette. E. film. F, driving drum, G. feed cassette. 

The organization of the photo finish includes 
a rapid processing service that can place a 
finished print in the hands of the judges within 
minutes of the end of the race. 

Photo-finish equipment is used at important 
horse, greyhound and athletic races. S.J.H. 

PHOTO FINISHING. Work of the commercial 
establishments which develop and print 
amateur roll films in quantity for the retail 
photographic trade. Also known as D. & P. 
(Developing and Printing). 

See also: Wholesale photo finishing. 

PHOTOFLOOD. Electric filament lamp 
designed to provide a high intensity source of 
artificial lighting for a relatively low current 
consumption. This is done by designing the 
lamp so that it will be over-run when used on 
normal household voltage. 

Photofloods form a cheap and convenient 
form of lighting for indoor photography and 
cinematography. 

The brilliance of the light is purchased at the 
price of its working life; Photofloods last about 
two hours when switched on for no more than 
a minute or two at a time. Run continuously, 
they burn out much sooner. 

The working life can be extended by using a 
dinuner instead of a switch so that the voltage 
can be applied gradually. 


Another life-saver is to run two Photofloods 
in series-parallel, switching them on in series 
for focusing and arranging the subject, and 
changing to parallel for the exposure. 

Sc« also : Filament lamps ; Light sources. 

PHOTOGENIC. Term used by W. H. Fox 
Talbot to describe his earliest photographic 
process “by which natural objacts may be 
made to delineate themselves without the aid 
of the artist’s pencil”. In modem usage an 
adjective borrowed from the French indicating 
subjects, more generally people, who are 
particularly easy to photograph well, possibly 
because they may combine ease in front of the 
camera with well-proportioned or expressive 
features. 

PHOTOGRAMMETRY. Photogrammetry is 
the science of taking measurements from photo- 
graphs; it is used in map-making from aerial 
surveys, in architecture, in engineering con- 
struction work, and, since the last war, in 
reconstructing bombed buildings from their 
photographs. 

Photogrammetrical surveys are carried out 
on various scales from 1: 50,000 to 100: 1, 
according to the work in hand. There are four 
main groups used in practice. 


PHOTOGRAMMETRICAL SURVEYS 


Name 

Use 

Scale 

Graphical 

Unmapped territory 1 

50,000 to 



25,000 

Machine mapping 

Development map- 1 

25,000 to 


ping 1 

500 

Close range 

Urban areas 1 

500 to 1 : 10 

Macrophotogram 

Hydraulics 1 

Machine parts 
Accidents 

10 to 8 : 1 

Microphotogram 

Erosion, surface B 

analysis 

1 to 100 : 1 


Camera. The basis of any photogrammetrical 
study is a negative or positive which is dimen- 
sionally as near perfect as possible so that 
reliable measurements may be made from it at 
any time. 

The technique of measuring in this way 
depends on the fact that if the position of the 
camera at the time of exposure is known with 
respect to any object on the negative, then the 
size and position of all other objects in the 
picture space may be determined. Accurate 
measurements are only possible by using a lens 
free from distortion, with its axis at right 
angles to the plate. 

The camera must be accurately constructed 
and thoroughly rigid — it should preferably be 
made for the job. The lens must be capable of 
high resolution and be designed for low-con- 
trast work. 

Sensitized Material. Plates are almost always 
used in preference to films because the support 
is more stable. Experiments have shown that 
the only movement of the emulsion on a glass 
plate takes place within 2-3 mm. of the edge. 
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If necessary, for special work, the plate can be 
treated to narrow this unstable margin to 0 005 
mm. from the edge. 

Plates have the further advantage that they 
can be used directly on the plotting machines 
used for preparing maps. 

Methods, Stereoscopic techniques are used 
in transposing the three dimensions of the 
original into the two dimensions of the repro- 
duction. Generally, the stereograms must ful- 
fil all the conditions of normal binocular 
vision — i.e., the rays from any particular object 
must appear parallel to both eyes and at the 
same angle of elevation or depression. The scale 
of depth reproduction may, however, be 
increased or reduced by varying the ratio of the 
photogrammetric base to the eye base. 

There are two main methods of photo- 
grammetry: aerial and terrestrial. In the former, 
the optica] axis of the camera carried in the 
aircraft is either vertical — i.e., normal to the 
earth surface or very nearly so (3—4 degrees 
from the normal) — or oblique. With terrestrial 
photographs, “horizon oblique” photographs 
are made with the camera axis tilted so that the 
horizon is included in the frame of the photo- 
graph. In “non-horizon” obliques, the optical 
axis is further depressed so that the horizon 
does not appear on the photograph. 

Map Making. Map-making surveys are mostly 
carried out by aerial photogrammetry. Say, for 
example, that an aeroplane takes a vertical 
photograph looking down on a mountain, and 
then, after a measured time interval, it takes a 
second photograph. The resulting pictures can 
be imagined as though seen by a giant with his 
eyes at the altitude of the aeroplane and 
separated by a distance equal to the distance 
between the two exposures. These conditions 
can be reproduced in miniature by viewing the 
prints in a stereoscope when the mountain will 
appear in relief. 



AERIAL PHOTOGRAMMETRY. Two views token at a known 
distance apart from an aircraft provide a hyperstereogram, 
showing mountains and volleys in stereoscopic relief. 




STEREOSCOPIC ASSESSMENT. On viewing the hyperstereo- 
grams it is possible to estimote the apparent height of moun- 
tains, etc., as if they were models . This then indicates their 
real heigh t by comparison with the scale of the picture. 

To measure the height of an object in a 
vertical photograph, say a mountain, use is 
made of a stereoscope and the “floating dots” 
method. Briefly, the method is this: two trans- 
parent sheets have a dot engraved on each of 
them; these are placed on each photograph, 
with the dots over identical points on the 
peak of the mountain. The dots will fuse and 
appear as one. If now both dots are moved to 
appear over the lowest part of the mountain, 
i.e., its roots, they will still be fused but seem to 
be floating in space. If the separation of the 
dots is altered by moving one, the fused dot 
will appear to slide down the mountain face 
until it comes to rest at the roots. From the 
distance of this movement, the height of the 
mountain can then be calculated. The apparatus 
to facilitate this procedure is called the Parallax 
Bar. This method is capable of an over-all 
accuracy of + 0 06 per cent, taking all errors 
into account. 

Various devices are used for the photogram- 
metric assessment of the overlapping images 
resulting from an aerial survey — e.g., the 
stereoautograph, invented by the Austrian, 
von Orel, in 1908, and the high speed oblique 
plotter. 

Close-Range Application. Close range photo- 
grammetry enables accurate true-to-scale draw- 
ings and maps to be plotted from photographs. 
Cameras are manufactured specifically for this 
type of photogrammetry to enable people like 
architects, engineers and geologists to take 
photographs of the necessary accuracy without 
special training and without taking up a lot of 
time. Such cameras are provided with levelling 
screws and a divided head so that the angle 
and viewpoint of the resulting negative can 
be established with accuracy. Some cameras 
incorporate a theodolite and compass. 

In addition to its normal uses, photogram- 
metry is a great help in making accurate records 
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of road and rail accidents where the wreckage 
must be cleared away quickly. 

Limitations. If the limits required of photo- 
grammetric methods are known, corrections 
can be made for them. For engineering pur- 
poses, for example, spot heights will be required 
with a probable error of 1/10 metre. This can 
be achieved under certain conditions. There is a 
limit at which an aircraft can fly and obtain 
suitable pairs of photographs; the terrain and, 
in war-time, enemy defences also set certain 
limitations. The minimum exposure interval 
has to be taken into account as well as the 
effect of the motion of the aircraft while the 
shutter is open. This makes it desirable to 
limit the flying speed. One make of camera has, 
however greatly overcome this difficulty. In 
this camera the film moves at a controllable 
speed across a fixed focal plane slit. The image 
will remain stationary, relative to the film, when 
the ratio of the film speed to the aircraft speed 
is the same as the focal length of the lens to the 
aircraft’s altitude. This is similar to the prin- 
ciple used in photo finish at race meetings. 
Microphotogrammetry. In microphotogram- 
metry, two photographs are taken through the 
microscope in the normal way, the object being 
moved a definite distance between the exposures. 
The amount depends upon the scale of 
reproduction of the final positive. This produces 
a stereoscopic pair which enables the shape and 
dimensions of the object to be determined by 
parallax using floating dots. G.T.S. 

See also : Aerial survey; Phototheodolite. 

Books: Aerial Photography, by C. Winchester and F. L. 
Wills (London); Air Photography Applied to Surveying, 
by C. A. Hart (London); Engineering Applications of 
Aerial and Terrestrial Photogrammetry , by R E Tolloy 
(London). 

PHOTOGRAMS. At one time the term photo- 
gram was used in a limited way to describe the 
consciously artistic photograph as opposed to 
the mere mechanical record. Nowadays, 
however, the word is generally reserved for 
pictures of an abstract kind which, though 
made on photographic material, are created 
without the use of a camera. 

History. In its simplest form the photogram is 
a direct shadow pattern formed by flat objects 
placed on the sensitive material during a brief 
exposure to light, and the image thus produced 
is a negative silhouette — white on a grey or 
black ground. Josiah Wedgwood (1730-95), at 
the end of the eighteenth century, found that he 
could reproduce the form of a leaf in this way 
on paper bathed in silver nitrate, but his “sun 
prints” were not permanent for he knew of no 
way or desensitizing the paper afterwards. 
Later Talbot made permanent “photogenic 
drawings” of plant forms and pieces of lace 
in the same way, and by using the first print 
as a paper negative he was able to turn the 
image into a positive silhouette. 

These experiments were, however, merely 
stages in the early development of photo- 


graphy and it was not until many years later 
that the aesthetic possibilities of these simple 
shadow patterns began to be appreciated. 
Inspired by cubism, Christian Shad in 1918 
elaborated the technique by placing paper cut- 
outs on the sensitive material to produce over- 
lapping shadow patterns that rather resembled 
the collages made by the painters. Further 
developments came about 1921 when Man Ray 
and L. Moholy-Nagy independently made their 
“rayographs” and photograms, using not 
merely opaque flat objects but also three- 
dimensional and translucent ones. 

Since then, the technique has been further 
extended and the word photogram has come 
to be used not merely for these comparatively 
simple shadow pictures, but for all sorts of 
abstract pictures made on photographic 
material by any method at all — including the 
deliberate (or sometimes, no doubt, accidental) 
fogging or staining of the print. In fact, any- 
thing is fair in photogram making and no 
method is barred so long as no camera is 
used. But there would seem to be no reason why 
one should not project a camera-made negative 
of a suitably abstract kind to form part of the 
photogram image, so it is clearly impossible 
to draw a sharp dividing line between the 
photogram and, say, the abstract photograph. 
Method. The making of a photogram is an 
uncertain business: it is not easy to tell before- 
hand how it will turn out, but therein lies the 
fascination. After a series of dull and dis- 
appointing results, the surprisingly beautiful 
effects that come quite unexpectedly can more 
than make up for the failures. 

Cheap or stale bromide paper can be used 
quite effectively, and even stains and blemishes 
in it may with luck or foresight be made to 
form part of the design. Films or plates can, 
of course, also be used; but large ones are 
costly and small ones are limiting. But there is 
the advantage that they can be enlarged to 
make positive versions (or via contact trans- 
parencies, enlarged negative prints also). But 
photograms made direct on thin paper can also 
be duplicated by using the original as a paper 
negative. There will be a certain amount of 
grain but this will not usually detract from the 
result and may indeed enhance it. 

Materials. Literally anything may be used to 
form the shadow patterns — e.g., paper of 
varying degrees of translucency cut or tom 
to suitable shapes, coiled or crumpled paper or 
Cellophane, bits of gauze, perforated zinc, 
bent wire, string, thread, hair, a feather, a 
watch spring, an electric bulb, or a kitchen 
implement. Solid objects, if light in tone, will, 
when not in all-over contact, introduce a 
partial greying of the white shadow pattern 
where the light has crept in or is reflected from 
the underside. 

Polished objects will throw out spots and 
lines of light and, if the exposure is short 
enough to leave the background fairly light. 
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these will show up in black. Interesting effects 
of this sort can be got by using strips of tinfoil, 
curled or twisted in various ways. Somewhat 
similar effects are produced with glass-ware — 
e.g., a cut glass stopper, the neck of a broken 
bottle, fragments of glass, a condenser lens 
or transparent crystals. These reflect and 
refract the light in quite unexpected ways, pro- 
ducing lines and splashes of black through both 
white pattern and background. 

The articles may, of course, be placed direct 
on the bromide paper, but a better method is to 
arrange them on a sheet of glass with a sheet 
of white paper under it, so that the effects can 
be to some extent planned and studied. The 
glass can then be gently lifted and the bromide 
paper slid under it. This method makes it easy 
to run off several prints, and to alter the 
arrangement without starting afresh each 
time. 

Lighting. Any kind of light source can be used, 
from a match to a small spotlamp. The charac- 
ter of the shadow shapes will depend on how 
concentrated the light is, on its distance from 
the objects and the angle at which it strikes. 
An electric torch bulb — preferably without 
reflector — makes a very useful tool because it 
can be used at close quarters at any angle, 
either held in the hand or arranged on some 
improvised stand. 

Softer outlines will be created by an ordin- 
ary pearl lamp, but this will have to be used 
farther away or exposures will be too short to 
control accurately. 

For sharp clear-cut outlines the material 
may be arranged under the enlarger; a baby 
spot will produce similar sharp effects and 
can be applied from any angle, but unless it is 
very small indeed it will have to be a good way 
off. 

More complex patterns with cross shadows 
result if two or more lights are used, or the 
same effects can be got by making multiple 
exposures with a single lamp in different 
positions. Curious ghostly effects can be pro- 
duced by keeping the light moving during 
exposure. 

Endless variations in the shadow shapes can 
be made by changing the angle of the lighting. 
This is especially so if the articles stand up 
well from the glass and are only in contact with 
it at certain points. With low slanting light 
the shadows stretch out and widen into fan- 
tastic shapes. Bent wire and glass articles are 
particularly suitable for this treatment. Vaguer 
patterns are produced if the objects are raised 
some distance above the paper — e.g., by a 
second sheet of glass. Soft all-over patterns 
can be introduced with netting, or by sprink- 
ling very small articles — say hypo crystals or 
sugar, or drops of water — over the raised glass. 
Variations. The pattern need not, of course, be 
confined to white shapes on a grey or black 
ground: by interrupting the exposure and then 
taking away some of the articles, their shadows 


will be greyed to a depth of tone depending on 
the length of the further exposure. When the 
articles or their shadows overlap this method is 
extremely effective. The tone of the back- 
ground also can be varied by holding back 
parts, as in enlarging. A photogram may be in 
bold black-and-white or, at the other extreme, 
in white and pale greys. And as all is fair in 
photogram making, the print can be partially 
fogged or even deliberately stained by exposing 
it to light before it is completely fixed. Films or 
plates can also be fogged during development to 
cause solarization of the image. 

There is still another way of making photo- 
grams with the enlarger not yet mentioned: it 
might be called the method of the “hand-made 
negative”. Cut-outs and small articles are 
formed into a design on a small piece of glass 
which is slid into the position usually occupied 
by the negative carrier of a vertical enlarger. 
Obviously the articles have to be small and 
with expressive outlines, and many if not all, 
should be transparent in some degree — e.g., 
pieces of very thin paper. Cellophane, old film, 
a mica washer out of an electrical fitting, a 
small feather, hairs, thread or gauze. Un- 
fortunately, many enlargers are unsuitable 
for this technique because there is not a big 
enough gap for such a thick “negative” to be 
slid into place. 

A further extension of this idea which has 
been applied effectively by some artists is 
literally to draw the negative by etching on a 
blackened plate or by applying pigment to a 
clear plate, and printing the result. H.v.W. 

Sec also: Abstract photography; Tricks and effects. 

PHOTOGRAPHIC ALLIANCE OF GREAT 
BRITAIN. Co-ordinating body formed to act 
as a link between the various federations of 
photographic societies and the Royal Photo- 
graphic Society. The federations are regional 
organizations which were formed in Great 
Britain as the need arose to co-ordinate the 
activities of groups of separate clubs, and the 
Alliance was the natural outcome of a further 
process of amalgamation. The Alliance, 
through the federations, represents about 1,200 
distinct camera clubs and photographic societies 
— i.e., practically all the organized amateur 
photographic bodies and associations in the 
United Kingdom. 

The Alliance publishes a year book in two 
parts. The first consists of a list of all the 
member societies with particulars of address, 
secretary, place and day of meeting, etc. The 
second part of the year book provides a list 
of lecturers on photographic subjects who are 
willing to visit clubs and a list of the Alliance 
panel of judges for exhibitions and contests. 

An annual Inter-Federation Competition 
with trophies and awards in the various sec- 
tions is organized yearly by the Alliance. 
Selections of prints and slides from the entries 
are later formed into the Alliance Exhibition 
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and exhibited in libraries and art galleries 
throughout the country and at the headquarters 
of the Royal Photographic Society. 

The principal work of the Alliance is to 
arrange for lecturers and judges for societies 
and also to provide for loan a collection of 
prints, lantem slides and film strips, mostly 
accompanied by lecture scripts. This service is 
open to all affiliated societies. J.D.D. 

See also: Clubs and associations. 

PHOTOGRAPHIC DEALERS’ ASSOCIA- 
TION. Association, formed in 1914, as purely 
a retail organization with headquarters in 
London. Membership is confined to retail 
firms whose premises are suitable and who buy, 
sell and stock photographic apparatus and 
materials. There are over 6,000 such member 
firms; the overwhelming proportion of their 
business is transacted with the amateur photo- 
grapher. 

Association affairs are managed by its 
National Council of nineteen elected councillors 
(each representing an area of the British Isles) 
and a limited number of Past Presidents. The 
Council meets every two months and its eleven 
standing committees approximately each 
month. 

In the provinces are a number of local 
branches. A Cine Section of the P.D. A. also 
exists, to foster amateur sub-standard cine- 
matography. 

The P.D.A. policy is to encourage photo- 
graphic knowledge and efficient service in 
those behind the retail counter. Considerable 
attention, therefore, is devoted to education. 
P.D.A. examinations, held annually, are open 
to all photographic dealers and assistants. 
The examinations are of three grades each 
including written, practical, oral and sales- 
manship sections. The syllabus covers a wide 
range on the theory and practice of photo- 
graphy and the demonstration of all types of 
photographic apparatus. 

The Association publishes a monthly journal. 
The Photographic Retailer, which is free to 
members. Also free to members and published 
in collaboration with the Focal Press is the 
Photographic Dealers’ Pocketbook, with approx- 
imately 290 pages of technical, business and 
legal information. A.F.A. 

PHOTOGRAPHIC SOCIETY OF AMERICA. 
Organization which was incorporated in 1937 
as a direct development of the Associated 
Camera Clubs of America, first formed in 1919. 
It is a non-profit making association which 
aims at “promoting the arts and sciences of 
photography and furthering public education 
therein”. It is a nation-wide organization 
operating through national committees, divi- 
sions, chapters and sections. The sole require- 
ment for membership is a genuine interest in 
photography. 
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The Society is governed by its Board of 
Directors and the National Council consisting 
of the national officers, the Chairmen of the 
various Divisions, the District Representatives, 
the Chairmen of the Standing Committees, the 
immediate Past-President of the Society, and 
the Honorary Representatives when in the 
U.S.A. 

The national officers, zone directors, district 
representatives, and division chairmen are 
elected by the membership, and the committee 
chairmen are appointed with the approval of the 
Board of Directors. 

Only the Executive Secretary and his assis- 
tants and the Editor and Advertising Managerof 
the P.S.A. Journal receive any remuneration. 

The principal classes of society membership 
are Active, Sustaining, and Organizational. 
The Active group includes honorary and life 
membership. Sustaining membership includes 
business organizations who contribute to the 
financial support of the Society, and Organiza- 
tional membership includes camera clubs, 
libraries, and educational organizations. 

F acilities. The society maintains its headquarters 
in its own building in Philadelphia, where it 
also houses a permanent collection of out- 
standing photographs selected by the Com- 
mittee. 

The annual convention is held in a major city 
each year. Regional conventions are also held 
in various centres throughout the U.S.A. and 
Canada. Group and individual activities are 
conducted by national committees with the 
assistance of district representatives and 
committeemen. 

P.S.A. chapters (formal groups in immediate 
areas) present important photographic events 
and promote the use of photography for the 
benefit of the community — e.g., in the form of 
town meetings, shows, lectures and so on. 

Two of the most important services to camera 
clubs and other groups are the National Lecture 
Programme and the Tape Recorded Lectures. 

The Camera Club Committee is the chief 
channel through which P.S.A. serves groups. 
It makes available, in addition to its regular 
C.C. Bulletin of news and programme material, 
all the group services provided by the National 
Committees and the Divisions. 

Other Activities. To provide for the various 
specialized photographic interests represented 
in P.S.A., the Society operates through divi- 
sions which function independently in their 
own particular interest under the constitution 
and bye-laws of the Society. Each has its own 
elected officers, its executive committee, its 
regular bulletin, and its own space in the 
Journal and is represented on the Board of 
Directors and the National Committees. The 
Society dues include membership in any one 
division, and additional divisions may be 
joined at any time at $1 each per year. 

There are separate divisions covering each 
of the following subjects; colour, journalism. 
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motion pictures, nature, pictorial, stereo and 
technical. In January 1955, the Amateur Cinema 
League of America voted to join the Photo- 
graphic Society of America and merge with 
P.S.A.’s Motion Picture Division. 

An autonomous Honours Committee awards 
Honorary Fellowships, Honorary Member- 
ships, Fellowships, and Associateships. There 
are also Service Awards and Medals for extra- 
ordinary service to the Society and a number of 
special awards given through Society or Divi- 
sional Committees. 

In addition to the Divisional and Committee 
Bulletin, P.S.A. publishes the monthly P.S.A. 
Journal and the quarterly Photographic Science 
and Technique. 

The P.S.A. membership Directory is issued 
annually as a supplement to the P.S.A. Journal. 
It lists the full membership alphabetically 
and geographically. P.S.A. membership extends 
throughout the U.S.A. and Canada and in 
addition includes photographers in most major 
cities of the world. 

PHOTOGRAPHY. Literally “writing with 
light” (from the Greek, phos, photos — light + 
suffix graphos — writing). The term is gener- 
ally accepted as referring to any method of 
producing a visible image by the action of 
light — e.g., on light-sensitive silver salts. The 
use of the term was suggested by Sir John 
Herschel to William Henry Fox Talbot in a 
letter dated 28th February, 1839. It was also 
used in the Vossische Zeitung of Berlin on 
25th February, 1839, in an article over initials 
which point to the astronomer Johann von 
Maedler, who was a correspondent of 
Herschel’s. 

See also: Photo. 

PHOTOGRAVURE, Printing process using a 
recessed image prepared by photo-engraving. 
The final printed picture derives its tone differ- 
ences from the amount of printing ink deposited 
at any one point. 

See : Photomechanical Reproduction. 

PHOTO JOURNALISM. The popularity of 
illustrated magazines and newspapers has 
created a highly specialized form of journalism 
in which the author works with a camera and 
thinks primarily in terms of pictures rather 
than of text. Hundreds of such examples of 
camera journalism appear in the press every 
week, and many of the leading weekly and 
monthly magazines in particular pay high 
rates for the illustrated stories they publish. 
Such stories may range from a series of con- 
secutive shots of some novel subject to a fully 
documented account of the life and geography 
of some out of the way part of the world. 
Requirements. Since the rewards may be very 
high indeed for outstanding work, and because 
few other fields present the same opportunities 


for travel, adventure and interesting day-to-day 
experiences, it is not surprising that so many 
photographers at some stage of their career try 
their hands at photo-joumalism. But it is one 
of the most difficult branches of the profession, 
because it requires competence in two fields — 
photography and journalism — in addition to a 
high degree of personal organization. 

The most common reason for the failure of 
so many photographers who are certainly good 
technicians is their ignorance of the rules for 
creating and maintaining interest; they tell the 
story exhaustively in every detail, without 
emphasis or dramatization and the result is 
almost always boring. 

The tyro, on his first assignment, usually pro- 
duces pictures which are hackneyed, obvious 
and devoid of surprises, whereas the experienced 
camera journalist knows that the interest in 
his pictures often depends not so much on the 
raw material which confronts him, but on the 
way he handles it — on story treatment. He 
mentally plans the page layout as he selects 
and takes each picture. From experience he has 
a fair idea of how the editor will want to 
present the pictures. He knows that most 
editors look first for a key shot which can be 
featured — possibly as a full-page illustration — 
to establish the theme at a glance. Next they 
want subordinate shots with plenty of variety 
and contrast. So the old hand deliberately 
picks his scenes to make it easy for the layout 
man to arrange them to give the story con- 
tinuity and development. 

With the layout in mind the experienced 
worker deliberately varies his camera vantage 
point whenever possible. To establish locale and 
give the reader a bird’s-eye view, he moves 
back and takes a panoramic shot. (If he 
cannot move back, he uses a wide-angle lens, 
to achieve the same effect.) To follow the 
development of the story, he may choose mainly 
medium shots, but he will alternate them with 
close-ups to illustrate or emphasize details. 
If it is impossible to move the camera close he 
uses a telephoto lens. This technique of dollying 
back and forward, or alternating lenses of 
varying focal lengths, is a standard device of 
the cine photographer, but it is equally effective 
for the still man who is working on magazine 
layouts. 

Working Methods. Picture story assignments 
fall into two general classifications: those in 
which the photographer can record the events 
but not control them, e.g., prize fights, or 
trooping of the colours ; and those where he can 
exercise his skill as a director, e.g., in shooting 
a rehearsal of a ballet company, or making a 
picture essay on the life of a country doctor. 

Talents and abilities vary as much in this 
field as in any other; some photographers are 
good at fast moving events because they have 
fast reflexes, but they may not be equally 
successful in an assignment calling for stage- 
managing ability, or outstanding powers of 


839 



PHO 


diplomacy; others may be attracted to stories 
where they can shape the material. It is a rare 
man indeed who succeeds in every department. 
A good picture editor knows the capabilities 
of his staff photographers and freelances, and 
gives assignments to one or the other in 
accordance with their particular talents. 

Camera journalism, like writing, has its 
own overworked and threadbare cliches. A 
stereotyped, wom-out idea is just as undesir- 
able in an illustration as last year’s catch phrase 
in an article. The old hand is suspicious of the 
obvious, easy-to-get pictures. He may take 
them as a matter of record — but for his real 
pictures he looks for something different. His 
problem, like the writer’s, is often of finding a 
new way to tell an old story; for while a story 
may not be identical with one that has already 
been published, it may be just a repetition of a 
well-worn theme without a new twist to com- 
mend it. To give the theme a new look, the 
photographer must be inventive and ready to go 
a little deeper if he hopes to produce story 
angles which his predecessors have either over- 
looked or failed to exploit. 

The beginner is usually so preoccupied with 
his technical problems that he is more worried 
about whether his pictures will be sharp than 
whether they will be interesting. The old hand 
does not have to think about his camera; 
perfect technique with him is automatic, and 
he is able to tum all his attention to handling 
his subject. His trained picture sense tells him 
immediately whether the existing situations 
will make interesting pictures; if they will not, 
he tackles the job of reshaping them. This may 
call for all his skill, personality and tact. 
Arranging the picture — and the people in it — 
is more often than not the thing that calls for 
the time and effort, while the actual camera 
work may require only a few minutes. 

Some photographers object to staging and 
direction because they feel that it creates 
pictures that look forced and artificial. But if 
that is so it simply means that the photo- 
grapher responsible does not know that part 
of the job. It takes real mastery to make con- 
trived pictures look candid, and it cannot be 
done by merely telling people to relax and 
look natural. Anyone who thinks that people 
can be commanded to relax and look natural 
should try taking pictures with himself in 
front of the camera. He will then see how self- 
conscious the subject feels. 

To get people to look natural in front of the 
camera lens the photographer must know how 
to make them stop worrying about themselves. 
This can be done by keeping their minds 
occupied with the business at hand. So the 
approach must be decisive; people are usually 
co-operative but they do like the photographer 
to know what he wants. He must be ready not 
only to explain, but to demonstrate if necessary. 
This means that he must be something of an 
actor himself. 


Many camera journalists handle the literary 
as well as the photographic side of their 
assignments. Theoretically this should result 
in better integration of text and pictures — but 
in practice it creates problems. For one thing, 
it is difficult to establish one kind of relation- 
ship with people as a photographer and then 
set about establishing another kind as a writer. 
Also, taking photographs is a strenuous busi- 
ness which often exhausts people on both 
sides of the camera, and during a tiring photo- 
graphic session no one is in the right mood for 
discussion; interviews and flash bulbs do not 
go well together. Photographers who must do 
their own writing should get the pictures taken 
at one session and leave the interviewing to 
another. 

Role of the Caption. Many picture stories need 
only a hundred or so words of text because 
everything can be told in the pictures and 
their captions. In any case there are always 
captions to be written. It is a fairly safe rule 
that if the text has any plums, they should be 
transferred to the captions because there they 
are in a showcase and their enhanced impact 
gives a valuable lift to the pictures. This 
practice also helps to create editorial interest 
quickly, an important point when it is remem- 
bered that editors rarely have time to read the 
text on the spot and will hold the story only if 
pictures and captions look interesting. 

The art of trenchant caption writing is 
brevity and condensation — plus research to 
make sure that every statement is correct and 
complete. Would-be clevercaptions that merely 
skim the surface and convey no real informa- 
tion are usually an admission that the writer 
does not really know his own story well 
enough, and should have spent more time 
looking up the facts before sitting down at the 
typewriter. H.B. 

See also: Freelance photography; Magazine photography ; 
Picture series; Press photography. 

Books: How to Take Photographs that Editors will Buy, 
by R. Spillman (London); The Market for Photographs 
(London). 

PHOTOKINA. International photographic 
and cine exhibition and trade fair held bi- 
annually in Cologne. 

PHOTOLITHOGRAPHY. Normal litho- 
graphy using an image formed by photographic 
means instead of by hand drawing or transfer. 
It is a planographic process — i.e., the printing 
and non-printing surfaces are at the same level 
— in which the image is formed of ink-accepting 
areas and the background of ink-rejecting 
areas. 

In one form of photolithography, the image 
is produced by coating the surface of grained 
zinc or aluminium with bichromated albumen 
and exposing it under the photographic nega- 
tive. 

See also : Photomechanical reproduction. 
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PHOTOMECHANICAL REPRODUCTION 


Photomechanical reproduction, a distinct 
branch of photography, includes all photo- 
graphic methods of preparing the surfaces used 
for printing reproductions of photographs, 
paintings and drawings in books and in the 
press. Where the photographer sets out to 
make a black-and-white or coloured print of 
his subject, the graphic arts craftsman has to 
produce a surface which, when treated with 
printers’ ink and pressed into contact with a 
sheet of paper, will leave the required image 
behind. His problem is to transfer amounts of 
printing ink to paper in proportion to the 
depths of tone of the original picture. 

Printing Surfaces. The printing surface must 
usually be metallic to be strong enough to 
withstand printing runs of many thousands at 
high speed. There are three types of printing 
surface: 

(1) The areas which transmit the ink may be 
raised above the general surface of the metal 
as in an ordinary metal type or hand-cut wood 
block. This method is known as cameo 
(raised), letterpress or typographic printing. 

(2) It is possible to print from a perfectly 
flat surface if parts of it can be made to have an 
affinity for printing ink while the remainder of 
the surface repels it. Such processes are known 
as planographic (printing from a plane) and 
the most usual method is lithography. 


(3) An image may be cut or etched into a flat 
surface which may then be flooded with ink, the 
surface wiped or scraped clean, and ink 
remaining in the incised hollows transferred to 
paper. Here the image may be recessed into 
the metal more or less deeply according to the 
depth of tone of the picture. This principle is 
called intaglio (meaning “incised” and pro- 
nounced “intahlio”). Photogravure is the only 
photo-engraved intaglio method, although 
there are many non-photographic techniques 
such as etching, drypoint and mezzotint which 
use the principle. 

Tone. Only the last of the three basic methods is 
capable of depositing printing ink in different 
densities on paper. A photogravure image, for 
instance, has the quality of a continuous tone 
picture in which the tones vary in density from 
point to point as in a bromide print. 

The typographic and planographic processes 
deposit printing ink upon paper at full strength, 
or not at all — that is, the tone is discontinuous. 
In these processes the appearance of interme- 
diate tones is brought about by means of an 
optical illusion. The effect of varying densities 
is produced by a regular pattern of dots which 
are small in the light tones and larger in the 
darker tones. The dots are so small and nu- 
merous that the eye sees only the general effect 
and does not see them separately. 



THE PRINTED IMAGE. Differences in printing processes show up under a magnif ying gloss. Left: Letterpress image. Squeezing of 
ink towards edges of dots and lines produces characteristic ink squash effect. Irregular shaped dots ere due to slight differences 
in image detail. Centre: Lithographic image. There is no ink squash or any sign of an impression mark on the paper, as would be 
obtained with letterpress printing. The ink deposit is very even; the half-tone dot shape is similar to the letterpress dots. Right: 
Photogravure image. Half-tone dots are more or less of the same size, but differ widely in density owing to varying ink deposits. 
Line images also need a screen pattern to provide a bearing surface for the doctor blade after inking. 
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LETTERPRESS LINE BLOCKS 

A line subject is a drawing in black lines on 
a white background which, for printing 
purposes, has to be duplicated, line for line, 
exactly as the original. The copy negative may 
be enlarged, reduced, or the same size as the 
original 

Making the Negative. The engraver first makes 
a photographic negative in which the black 
lines of the drawing are represented by trans- 
parent areas and the white background by 
dense areas, as nearly opaque as possible. The 
wet collodion process (invented by Scott 
Archer in 1851) is still commonly used although 
any of the process (high contrast) dry plate 
emulsions on plates, film, stripping film and 
paper are quite suitable. 

The process line negative must be laterally 
reversed, that is, the lettering must be right way 
round so that when the resulting printing block 



MACHINE PRINTING. Top: Typography ( e.g letterpress). 
The printing image is raised and covered with ink by the inking 
roller, before printing on the paper. Centre: Planography 
(e.g., lithography). The printing image is on the same level as 
the non-printing surface and is damped before inking. Bottom: 
Intaglio printing (e.g., photogravure). The printing image is 
etched into the non-printing surface, and filled with ink. A 
doctor blade cleans off the non-printing surface. In all cases: 
A. platen ; B, paper; C, ink: D, inking roller (preceding paper 
across printing surface in direction of arrow); E, printing 
plate; F. machine bed; G, damping roller; H, doctor blade. 


is inked and pressed on paper the proof will bo 
the right way round. The negative image is 
reversed by reflection from a mirror placed 
at 45° in front of the lens. Generally the mirror 
is a solid glass prism with its long side silvered 
for maximum efficiency. 

Printing on Metal. Once a clean, contrasty 
negative has been made it is printed upon metal, 
generally on to a thin sheet of zinc, by the 
bichromated albumen process. The zinc sheet is 
coatedVith a solution of egg albumen (white of 
egg) rendered light sensitive by adding 
ammonium bichromate. The metal is then spun 
rapidly in its own plane over a hot plate. This 
centrifuges off the surplus solution and dries the 
plate. 

When the coating is dry it is exposed in 
close contact with the negative to the light of 
an arc lamp. 

The unexposed bichromated albumen coating 
is soluble in cold water, but where light has 
fallen it becomes insoluble. After exposure, the 
coating is inked very thinly and the plate is put 
into a bath of water and lightly rubbed with 
cotton wool. The soluble albumen dissolves 
away leaving a visible image in the form of 
light-hardened albumen with a coating of ink. 
The plate is dried, its image dusted with finely 
powdered bitumen and finally wanned until 
the bitumen fuses into an acid resisting layer. 
Line Etching. The metal between the lines of 
the image must next be etched away with nitric 
add until it is below printing depth. As the 
acid begins to etch down between the lines it 
also tends to etch sideways. This action would 
very soon eat away the finer detail so the edges 
of the lines must be protected. 

After a very slight etch the plate is treated 
with a weak gum arabic solution which provides 
a moist, ink repelling layer over the bare metal. 
It is then rolled-up with a greasy ink which is 
accepted by the bitumen image but not by the 
damp bare metal. The plate is then dried and 
dusted with a special acid-resisting red resin 
powder called dragon’s blood. This has the 
property of liquefying into a viscous mass which 
does not run when it is heated. Upon cooling, it 
provides an efficient acid resist. The dragon’s 
blood is usually applied and “warmed-in" four 
successive times between each etch, being 
brushed across the plate in four opposing 
directions. In this way the powder piles up 
against the sides of the lines like a snowdrift, 
providing an efficient protection against the 
acid. In recent years a new type of etching 
powder containing dragon’s blood has been 
introduced and the rolling with ink at each 
stage is being discontinued. 

The lines are slightly thickened by this 
treatment and they may then be etched for a 
longer period until the underbiting effect 
approaches the sides of the lines again. The 
process is repeated as many times as necessary. 

When the plate is etched to a sufficient depth 
the protective layers of ink and dragon’s blood 
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are cleaned off, leaving a sligntly ragged, stepped 
effect along the sides of the lines. These steps 
must be removed to prevent them from printing 
up when the plate is proofed. A layer of hard 
ink is rolled upon the top of the lines and very 
slightly down the sides, just enough to protect 
the very top and down to the depth of the first 
etch. 

Then the plate is treated with a weak 
etching solution which smooths off the rough- 
nesses and leaves the lines of the image with a 
pyramidal cross section. 

Since the early 1950’s an American firm has 
been developing the remarkably ingenious 
Dow line-etching process. A special “acid 
blast” machine is used to blow a finely atomized 
blast of an etching mordant at magnesium 
metal. The mordant contains a viscous emul- 
sion which piles against the sides of the lines 
as they etch down and automatically protects 
them so that a line plate may be etched without 
any hand-applied protection of the sides of the 
lines. 

Finally, the plate is cleaned, blackened with 
a solution of copper sulphate, and the top 
polished with charcoal. 

Mounting. In principle it is possible to etch 
away all the metal not required to be at type 
aeight, but in practice this would waste time 
and materials, and so all large clear areas are 
covered with resist before etching and are 
afterwards cut away on a routing machine 
before the plate is mounted. 

A router is a vertical milling machine with a 
cutting head that revolves at about 20,000 
revolutions per minute. An open line subject 
consists of little more than a skeleton of metal 
pinned to the wooden base at any convenient 
points within the work. The finished thin 
printing plate is mounted to type height (0 - 9186 
inch) usually upon well seasoned oak or 
mahogany. 

HALF-TONE BLOCKS 

Half-tone blocks can be regarded as line 
blocks in which the image is made of dense 
black dots. The illusion of shading or half- 
tones is caused by variations in the sizes of the 
dots, not by any difference in the density of the 
ink deposit. The original photograph is copied 
on a process camera as for line work with a 
reversing prism on the lens. In this case, how- 
ever, a normal copy negative is unsuitable 
because the image from which the block is 
etched must consist either of acid resist or clean 
metal. 

The Process Screen. When the photograph or 
picture is photographed for half-tone re- 
production, the image is broken up into a dot 
formation by a screen placed at a short 
distance in front of the plate in the process 
camera. The screen consists of two sheets of 
glass, each ruled with opaque lines equal in 
width to the spaces between them, and sealed 


together, face to face, with the sets of lines at 
right angles to each other and at 45’ to the base. 

The distance of the screen from the plate is 
adjusted so that the light passing through each 
aperture in the screen forms points of full 
illumination behind the centre of each screen 
aperture. Around these brilliant points, the 
intensity of the light falls off until it reaches a 
very low level behind each line. 

If there were plain white paper in front of the 
lens, a short exposure would produce a pattern 
of very small dots on the photographic plate 
corresponding to the central points of full 
intensity light. These dots would be larger for 
longer exposures and eventually, with sufficient 
exposure, they would join together. 

When the photo-engraver makes a negative 
for half-tone reproduction, he adjusts the size 
of the lens aperture and the distance of the 
screen f rom the plate with respect to the number 
of lines per inch of the screen and the distance 
from lens to image, so that light tones of the 
original picture are represented, in the half- 
tone negative, by large square opaque dots just 
joined at their comers, and dark tones by very 
small dots. 

The Photographic Materials. In Britain, wet 
plates are still favoured for monochrome work ; 
but while they give excellent negatives for metal 
printing, they are not colour sensitive. 
Practically all modem colour work is done on 
panchromatic dry plates and much mono- 
chrome work is photographed on ortho- 
chromatic or “ordinary” (blue-sensitive) “pro- 
cess” dry plate emulsions. The process camera 
operator aims at half-tone negatives consisting 
of opaque and sharply defined dots with 
completely transparent spaces between. 

Metal Printing. Half-tone negatives are printed 
on metal about A- in. thick. Copper is used 
for screen rulings of about a hundred lines per 
inch and finer, and zincfor coarser rulings. The 
metal is coated with a cold-water-soluble 
fish glue solution containing ammonium 
bichromate. This coating is dried and then 
exposed under the negative to arc light in a 
vacuum pressure printing frame. The glue that 
is exposed to the light that shines through the 
clear parts of the negative becomes insoluble in 
water, but where it is protected by the opaque 
dots that form the negative image it remains 
soluble. So, when the metal is washed under a 
stream of water, the soluble glue dissolves away 
and leaves a positive of the image in the form 
of an insoluble glue coating. 

In this condition it is difficult to see the 
image, so it is dyed in a solution of methyl 
violet. Then, if the appearance of the image is 
satisfactory, the glue is “burned-in” to an acid 
resisting carbon enamel by heating the metal 
very strongly over a gas flame. 

Half-tone Etching. Dilute nitric acid is used for 
etching zinc, and a solution of ferric chloride 
(iron perchloride) for copper. While the 
principle of etching is the samefor both metals, 
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the technique varies; for instance, copper can 
be suspended horizontally in an undisturbed 
solution of ferric chloride (a “still bath”) and, as 
no gases are evolved by the reaction, the plate 
etches satisfactorily. This method would be 
useless for zinc because gas is given off during 
the zinc etching process. 

Copper can be etched electrolytically (by the 
reverse of electro deposition) but the method 
has never been successful with zinc, although 
claims have been made for a zinc etching 
electrolytic machine. Etching of either metal 
may be carried out either by machines which 
throw the etching mordant against the plate, 
or in mechanically rocked baths which keep 
the solution constantly agitated. 

The "underbiting” effect, which has to be 
prevented in line etching, is allowed for in half- 
tone etching and is even put to very good use. 
Before the image is etched, the lightest tones 
of the picture consist of large squares of resist 
almost joining at the corners, and the darkest 
tones consist of a continuous expanse of resist 
pitted by minute holes. The range of tone 
gradation is represented by the range of 
variations between those two extremes. 

During etching, the mordant bites sideways 
as well as downwards, undermining the dots 
and, as the enamel is brittle and because the 
effect is helped by brushing, the sides of the dots 
break off and they become progressively 
smaller in the light tones. At the same time, the 
minute pits in the dark tones become enlarged; 
so that all the tones of the picture become 
lighter until a stage is reached when the dots 
representing the lightest tone become so small 
that they cannot be etched any further without 
being lost altogether. 

Fine Etching. The tones of the final re- 
production can be controlled by etching certain 
selected areas of the block while others are held 
back by a protective coating. This process is 
known as fine etching. After a suitable amount 
of rough etch, sufficient to provide printing 
depth, the darker tones are painted-in with 
an acid-resisting ink and the remainder of the 
image is allowed to lighten during the next 
etch; then further tones at the lower end of 
the scale are painted-in and the remainder 
lightened still further until perhaps all of the 
picture is covered with resist except for high- 
lights. In a landscape, for instance, light clouds 
would be lightened in tone just enough to lift 
them away from the main sky, after which all 
the “stopping-out” paint is washed off and the 
plate is ready for mounting. 

A certain amount of fine etching is generally 
necessary to improve the quality of the repro- 
duction, especially when making a block from 
an over-contrasty bromide print. Photo- 
engravers can readily increase the contrast of 
a slightly flat print, but far more often they 
have to fine-etch for highlight detail or for 
shadow-detail because the prints are too con- 
trasty and lacking in gradation. 


Fine etching is also necessary because of the 
wide variation possible in printing conditions. 
The type of ink and paper to be used, whether 
the plate is to be duplicated, the type of 
machine and the printing speed, and the actual 
printing technique all radically affect the type 
of block that is required. 

In colour work the tones of many colours in 
the different printings have to be altered by 
fine etching to allow for the faults in printing 
inks. 

Mounting. The finished plates are mounted to 
type height in much the same manner as for 
line work. An ordinary squared up plate is 
simply bevelled around all four sides and 
tacked upon the wooden mount with small 
nails through the bevels. To allow for a caption 
close to the base of the picture the plate is often 
trimmed flush at the bottom edge and it can, if 
necessary, be trimmed flush on all four sides. 

LITHOGRAPHY 

Lithography is the most common plano- 
graphic printing process. It was discovered and 
perfected in its entirety by one man, Alois 
Senefelder of Solnhofen, in Bavaria in 1796. 
The principle on which it depends is that of 
the mutual antipathy of grease and water. 
Senefelder found that if a greasy image is 
formed on an absorbent limestone which is 
subsequently damped with water, then the 
image will “take” a greasy ink and the damp 
areas will refuse to accept the ink, so that proof s 
can be taken from the stone. 

Senefelder’s process has been modified in many 
minor ways — e.g., by the use of thin grained 
metal sheets instead of the stone; the production 
of the image by photographic means, and 
printing by first laying the image on a stretched 
"blanket” of rubber and then “offsetting” it to 
paper. But the basic principles remain unaltered. 

For over a hundred years litographers printed 
from stones, and their presses had to be 
enormously strong and heavy to exert the 
necessary printing pressure. In consequence it 
was impossible to attain high speeds or to print 
on very rough paper. 

At the beginning of this century — about 1 909 
— a new method of printing came into use. In 
this method, the printing surface consists of a 
thin zinc or aluminium plate clamped tightly 
around a cylinder on the printing machine. As 
the plate cylinder rotates, the image is first 
damped and then inked. It then rolls into 
contact with a rubber-faced “blanket” and the 
ink image transfers itself on to the rubber sur- 
face. This then rolls into contact with the paper 
and prints the image upon it. The image is said 
to be “offset” on to the paper and the process 
is known as “offset” lithography. 

Offset machines can be run at high speed and 
will print satisfactorily even on very rough 
paper. Colours can be printed in rapid 
succession by this process. 
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PHOTOGRAVURE 

Photogravure is a photo-engraved intaglio 
process. Modern screen rotary photogravure 
dates from its invention by Carl KliC in 1895, 
although Fox Talbot’s photoglyphic engraving 
process of 1852 was an intaglio method some- 
what akin to photogravure. 

By this method the image does not depend 
upon optical illusion for the effect of tones 
of the picture as do the letterpress and litho- 
graphic processes. In photogravure the image 
is etched into the surface of the printing 
cylinder; deeply in the areas representing the 
dark tones and less deeply in the lighter tones. 
The image is printed by flooding the cylinder 
with ink, scraping it off to surface level with a 
long steel doctor blade and transferring the ink 
from the etched hollows to the paper. 

Printing plates or cylinders for this type of 
reproduction are given a screen pattern con- 


sisting of lines at right angles at surface level 
to provide a continuous support for the 
doctor blade. The lines ar<* less than one third 
of the width of the spaces and of the order of 
175 per linear inch, so they are too fine to be 
seen with the naked eye. The image is etched 
to its continuously varying depths (according 
to the tones of the picture) in the minute 
square pits between the lines. 

Partly because of the high printing speed, 
and also because of the liquid nature of the 
ink, the screen lines are more or less obscured 
in the dark tones so that beautifully intense 
blacks can be obtained and there is a limpid 
clarity in the lighter tones which cannot be 
obtained by any other process because of the 
intrinsic difference between continuous and 
discontinuous tone. 

The Negative. For line work and type a line 
negative is made of the same kind as for letter- 
press blocks or photolithographic plates, 



STAGES IN BLOCK MAKING. Left: Half-tone letterpress block. I. Original, usually a photograph. 2. Preparation of half-tone 
negative by copying through a process screen ( screen actually inside camera, just in front of plate). 3. Half-tone screen negative. 

4. Printing negative on to copper plate carrying bichromated fish glue. 5. Electrolytic etching. 6. Bevel cutting. 7. Hand Proofing. 
8. Mounted block. Centre: Half-tone photo-litho block. I. Original. 2. Copying through process screen. 3. Half-tone negative ; 
similar to letterpress negative, but more contrasty. 4. Printing down on grained litho metal coated with bichromated albumen. 

5. Developing out hardened albumen image. 6. Pulling proofs on offset press. Right: Photogravure block. I. Original. 2. Making 
continuous tone negative and positive (no process screen used at this stage). 3. Laying out all positives for printing down. 4. Printing 
on carbon tissue which has been pre-exposed to a gravure screen to provide the line pattern. 5. Mounting exposed tissue on copper 
cylinder. 6. Developing resist image in hot water. 7. Etching the copper cylinder to form the intaglio image. 
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that is, as opaque as possible in the area repre- 
senting white paper and transparent in the 
areas representing the black lines. A positive 
has to be made from the negative and, if it is 
to be made by contact printing, then the 
negative is prism reversed as for letterpress 
work. 

For tone illustrations such as photographs or 
wash drawings the negative is an ordinary 
continuous tone copy negative. 

The Positive. The image used for preparing the 
etching resist for the printing cylinder must be 
a positive transparency. The positives of the 
illustrations and of the text must lie within 
specified density ranges because they are 
planned in page formation and printed as one. 
The Resist. The etching resist consists of a 
negative image of light-hardened gelatin in 
which the areas representing dark tones of the 
picture are very thin and the thicknesses increase 
in proportion to the tones of the subject, the 
thickest aiea representing the lightest tone. 

Carbon tissue — paper coated with pig- 
mented gelatin and similar to that used for 
carbro printing — is used for the resist. It is 
rendered light-sensitive by bathing it in a solu- 
tion of potassium dichromate and then drying 
in darkness. The sensitized tissue is first 
exposed to arc light in a vacuum pressure 
printing frame behind the photogravure 
screen, and then the screened tissue is exposed 
to the arc lamp behind the combined positive 
of the text and illustrations. 

The tissue is transferred to a copper cylinder 
and “developed" in a stream of warm water 
which washes away the soluble gelatin and 
leaves only the light-hardened gelatin in the 
form of an image of varying thickness. The 
finished “print” is then dried. 

Etching the Cylinder. The image is etched into 
the surface of the copper with a solution of 
ferric chloride (iron perchloride). The result is a 
surface in which the depth of the etched areas 
varies according to the tones of the original 
image. The tone range of the etched image is 
controlled by suitable variations in the strength 
of the etching bath. Etching is started with a 
strong solution. 

The particular tone which is to be “brought 
in” and etched is controlled by the strength of 
the solution, and the depth of the etching is 
controlled by the time for which the etching is 
allowed to continue before the next weaker bath 
is employed; in that way the tone range of the 
result can be governed to a surprising degree, 
but there are definite limitations and any 
further adjustments have to be taken care of by 
retouching the original negatives and positives 
before the carbon printing is done. 

The line work and text matter on the 
cylinder are sometimes etched separately from 
the illustrations and only two strengths of ferric 
chloride are used; a slightly weak one to make 
sure that etching starts on all the work, and a 
stronger one to continue the etching and to 


ensure that there is no penetration in the 
“whites” surrounding the work. 

COLOUR 

All the standard photomechanical repro- 
duction processes may be adapted to he re- 
production of coloured originals. 

Principle. It is obvious that if one can print 
from a letterpress block, a photo-litho plate, 
or a gravure cylinder upon paper, in black ink, 
there is nothing to prevent one from using ink 
of any colour instead; further, there is nothing 
to prevent one from printing again in another 
colour, from another printing surface, in 
register on the first proof, and so on as many 
times as required. 

So, by taking a set of three-colour separation 
negatives of any coloured scene, photo-en- 
graving a printing surface from each and 
printing them in their appropriate colours in 
register upon white paper, the result will be a 
colour print. This is the broad principle of all 
colour photo-engraving. 

Practical Difficulties. The main difficulty is the 
impossibility of making printing inks which 
each completely absorb one third of the spec- 
trum of white light while perfectly reflecting 
the other two-thirds. By reason of the ineffi- 
ciencies of the printing colours alone, blues, 
purples, greens and mixed colours such as 
browns and olive greens are bound to be 
degraded to some slight extent. 

This is why colour masking and hand 
correction are necessary in block work, dot- 
etching of the half-tone positives in photo- 
lithography and retouching of the separation 
negatives and positives in photogravure. All 
these forms of correction are designed to 
alter the colour rendering deliberately to allow 
for the faults of the printing colours. 

OTHER METHODS 

During the century since photo-mechan cal 
reproduction came into use, many different 
processes have been invented; some, like the 
Woodburytype, were superseded because of 
economic pressure, others such as collotype 
have remained in use for special purposes. The 
few which had thoroughly distinctive features 
are outlined below. 

Typographic Processes. Here the field for ori- 
ginality is limited by the fact that one can only 
have a raised printing surface and a recessed 
non-printing surface. 

The regular “half-tone” screen dot forma 
tion has been varied in many ways. 

(1) By changing the shape of the dots, as with 
the Schultze screen which makes them rhom- 
boid instead of rectangular. 

(2) By changing the size, as with a special 
Max Levy screen which produces extremely fine 
dots that coalesce into larger ones in the 
darker tones. 
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(3) By changing the pattern as in the Metzo- 
graph screen and many others in which the 
pattern was either broken up or based on 
straight or wavy lines. 

Planographic Processes. There have been more 
variations on the planographic processes than 
on any of the other methods. Apart from 
various offset printing techniques such as 
litho-deep, dot-etching, bi-metallic plates and 
photo-composing (which also applies to photo- 
gravure), all of which have been assimilated 
into the parent process, there have also been 
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two complete processes which were radically 
different: Collotype and Pantone. 

Intaglio Processes. The principal variations of 
this basic reproduction principle are the 
Bitumen Grain Process, Invert Half Tone and 
Woodburytype. F.H.S. 

See also: Bitumen grain process; Collotype: Pantone; 
Phototelegraphy; Photo-type setting; Process camera; Silk 
screenprinting ; Woodburytype. 

Books: Ilford Manual of Process Work, by L. P. Clerc 
(London); Photographs and the Printer, by F. H. Smith 
(London); Photogravure, by H. Mills Cartwright (Lon- 
don); Practical Photo-Lithography, by C. M. Willey 
(London). 


PHOTOMETER. Instrument for measuring 
illumination, often used to determine the 
brightness of a light source. The type of instru- 
ment usually called a photometer is strictly a 
comparison photometer in which the brilliance 
of a given light is assessed by comparing it 
with a standard light. 

The Bunsen or grease-spot photometer is the 
simplest type in general use. This consists of a 
sheet of opaque white material with a central 
translucent spot or ring formed on it with oil 
or melted grease. When the spot is illuminated 
from the front, it looks darker than the sur- 
rounding material; when it is illuminated from 
the back it looks brighter; when the illumina- 
tion on the front and back is exactly equal, it 
disappears. 

Measurements are made by fixing the 
standard source at a standard distance from 
the spot, and adjusting the distance of the 
other source until the spot disappears. The 
relative brightness is calculated according to 
the inverse square law. 

Camera Exposures. Until recently photometers 
were not regularly used in the photographic 
field although they have been widely used by 
illuminating engineers. They are also used in 
photography for measuring subject brightness, 
i.e., as exposure meters. In one such instru- 
ment a telescope is used to sight the scene and 
a very small mirror occupying about one- 
quarter degree in the middle of the field is 
illuminated by a lamp. This lamp is fed from 
a dry battery which is incorporated in the base 
of the instrument, and a series resistance is 
inserted in the circuit of the lamp so that its 
brightness can be varied. A photo-electric 
meter, consisting of the usual photocell and 
micro-ammeter is used to adjust the bright- 
ness of the lamp to a standard value, after 
which it can be used for measuring the bright- 
ness of the scene. A pair of neutral density 
wedges is arranged between the lamp and 
the illuminated mirror. Adjustment of these 
wedges to obtain a match actuates a calculator 
from which the exposure can be read. 

Alternatively, the resistance setting required 
may be taken as a measure of the subject 
brightness and the resistance control calibrated 
as an exposure meter. 


Practical Advantages. An exposure photometer 
does not give the answer as quickly as an 
exposure meter because it often has to be 
standardized before it is used to measure the 
actual exposure. Its main advantage is its high 
sensitivity and small acceptance angle. This is 
about one-quarter degree and it allows the 
brightness of a very small area in the scene to 
be measured. There is another advantage of a 
small acceptance angle: the brightness of 
distant objects can be measured from the camera 
position. In this way the total brightness scale 
of the scene can be measured, which is often 
impossible with any other type of meter. 
Enlarging. Grease spot photometers are made 
for use in enlarging to measure the actual 



PHOTOMETER LAYOUT. The eye views a grease spot illu- 
minated by the subject from one side, and a small electric bulb 
(at controlled brightness ) at the other. When both sides appear 
evenly matched (i.e., the grease spot disappears), the position 
of a diaphragm ring gives exposure readings. A, magnifier, 
B. grease spot. C. diaphragm controlling amount of light 
reaching grease spot f rom bulb. D, light bulb. E, potentiometer. 
F, battery. G, voltmeter. In some photometers the voltmeter 
circuit is replaced by a photo-electric cell system. 
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brightness of any part of the negative area 
projected on the easel and hence the exposure 
and correct grade of paper. 

In a typical enlarging photometer there is a 
translucent disc; the centre is lit by a lamp 
adjustable for brightness, and the surrounding 
outer ring by the light from the selected part 
of the negative. 

The brilliance of the two areas is matched by 
varying the brightness of the lamp in the 
photometer until there is no difference between 
the centre and the outer ring. This is done either 
by varying a res stance in series with the lamp or 
altering the distance of the lamp from the 
comparison spot. The latter method is probably 
more accurate because dimming the lamp by 
resistance changes the colc'ir of the light and 
makes comparison difficult. 

Once the two parts of the comparison field 
have been matched, a brightness factor for the 
selected part of the image is read off either 
from the resistance calibration or the scale 
along which the lamp is moved. The factor 
does not give the brightness in absolute units; 
it is simply a figure which can be translated 


into an exposure time for the particular grade 
and speed of paper in use by referring it to 
the calculator supplied with the instrument. 

Comparison photometers of the type used for 
estimating camera exposures can be used to 
arrive at the exposure in enlarging, but they are 
not as a rule as convenient as those specially 
designed for the purpose. W.F.B. 

See also: Actlnometers; Exposure tables; Extinction 
meters; Photo-electric meters. 

PHOTOMETRY. Measurement of light in 
terms of the intensity of a standard light source. 
Measurements are made by comparing the 
intensity of the given light source with the light 
given by a standard candle. If the illuminating 
power of a light source 2 feet away from a 
surface is the same as that given by a standard 
candle one foot away. then, by the law of 
inverse squares the light source has an intensity 
of 2 = 4 candle power 

Photometry plays an important part in 
sensitometry — i.e., the study of the effect of 
varying exposure on the photographic emulsion. 

See also : Illumination; Light units. 


PHOTOMICROGRAPHY 


Process by which photographs of minute ob- 
jects are made with a camera and microscope. 
It should not be confused with microphoto- 
graphy, the process used for making minute 
photographs of large objects. 

BASIC SET-UP 

There are always three main units in any 
set-up for photomicrography: a lamp system 
for illuminating the specimen, a compound 
microscope, and a light-tight extension to hold 
the sensitive material. These three components, 
fixed rigidly together, make up a photomicro- 
graphic optical bench. 

This optical bench may be arranged vertically 
or horizontally; the problem is much the same 
as in choosing between a horizontal and vertical 
type of enlarger. The horizontal bench can be 
made absolutely rigid, and it presents fewer 
constructional problems. The vertical set-up, 
however, takes up less space and if it is rigidly 
constructed it is capable of just as fine work as 
the horizontal type. In either case absolute 
rigidity is essential because the slightest tremor 
at the moment of exposure will ruin the result. 
It is difficult to make a vertical column rigid 
unless the top end is anchored to the ceiling by 
a bracket. 


Vertical instruments are useful for photo- 
graphing liquid preparations. They possess the 
further advantage that if something of interest 
is found during visual examination of a 
specimen, a photograph can be taken without 
disturbing the set-up. With a horizontal bench, 
the mere act of turning the microscope to the 
horizontal position is almost certain to upset 
the position of the object. 

The Camera. The camera is no more than a 
light-tight box fitted with a focusing screen and 
a plate or film holder, capable of light-tight 
connexion with the eyepiece of the microscope. 

In the simplest form of set-up, any camera 
may be used if its lens is set to infinity and it is 
supported close against the eyepiece of the 
microscope after the specimen has first been 
focused visually in the ordinary way. 

Special eyepiece cameras are made to fit over 
the draw tube and require no external support. 
Most makers of miniature cameras supply 
adaptors so that the camera, minus its lens, can 
be fixed on to the end of the draw tube of a 
microscope. A double or triple extension plate 
camera with the lens removed can also be used 
in the same way. 

The Microscope. Practically any good com- 
pound microscope can be used. The main things 
to look for are rigidity of all parts, freedom 


NUMERICAL APERTURES 


Focal lenfth ... $ Inch i Inch i Inch ^ inch ^ inch oil-imm 

16 mm. 12 mm. 6 mm. 4 mm. 2 mm. 

N.A 0-25 0-35 0-65 0-75 1-25 
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MICRO-ATTACHMENTS. Top left: Complete optical system of 
microscope, micro-attachment, and miniature camera, used 
without the camera lens. A movable prism permits observation 
of the Image. Top right: The micro-attachment itself. Bottom 
left: Attochment (with its own shutter) mounted on microscope. 
Bottom right: Attachment used with focusing stage and 
ground glass screen of miniature camera outfit. 

from backlash when focusing, and, for 
horizontal work, absolute steadiness when the 
microscope is tilted into the horizontal position. 
Since the excellence of the result depends on 
the optical equipment, all lenses should be of 
first quality. Apochromatic objectives with 
compensating eyepieces are best, but achromatic 
objectives and Huyghenian eyepieces will give 
excellent results with monochromatic light, 
produced by interposing a suitable filter 
(generally green) between light-source and 
microscope. 

In photomicrography resolving power is 
more important than mere magnification. The 
resolving power of a microscope is its ability to 
separate the images of two points lying very 
close together. This resolving power depends 
upon the aperture of the objective given by its 
numerical aperture (N.A.) which should be as 
large as possible. 

The aperture of the substage condenser 
should be sufficient to provide adequate light 
for the objective of largest aperture likely to be 
used. 

Illumination. The light on the specimen must be 
under complete control during focusing and 
exposure, so artificial light is nearly always 
used. Most specimens are prepared for micro- 
scopic examination in the form of thin sections 
through which light can pass easily. They can 
therefore be photographed by transmitted light. 


The illumination of opaque specimens by 
reflected light and of very transparent subjects 
are special techniques (see below). 

Special microscope lamps can be purchased, 
but for many kinds of work other standard 
types of lamp can be adapted. For very simple 
subjects, an opal filament lamp from 60 to 100 
watts will suffice, but fo r serious photomicro- 
graphy a point source of light is required. This 
can be provided by a motor-car headlamp bulb 
(6 or 12 volts), or a bicycle dynamo bulb (6 
volts), fed from a mains transformer of suitable 
rating. Better, though more expensive, light 
sources are the Pointolite lamp, the ribbon 
filament lamp, and the carbon arc. 

The lamp is housed in a light-tight, well- 
ventilated house like that fitted to an enlarger. 
For the simplest work the lamp may shine 
directly on to the specimen, but for anything 
more critical, some form of condenser is always 
necessary to concentrate the light into a 
controlled beam. Most microscopes are 
equipped with a substage condenser, and a 
further condenser between the lamp and the 
microscope is advisable. Each condenser has 
some means of varying the aperture — generally 
by an iris diaphragm — and some provision for 
focusing. A typical lamp condenser consists of 
a biconvex lens of 3 cm. (11 in.) diameter with 
a power of about 15 diopters (6-5 cm. or 2J ins. 
focal length). 




OPTICAL BENCH ARRANGEMENTS. Top: Horizontal optical 
bench. Is comparatively easy to construct, but takes up a lot 
of bench room. The microscope lamp directly illuminates the 
condenser. Bottom: Vertical optical bench ; compact, but 
difficult to construct for the amateur in a sufficiently rigid form. 
A mirror directs the beam from the lamp into the condenser 
The camera is usually part of the unit . 
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SIMPLE MICRO SET-UP. This uses a normal camera, focused 
at infinity. The microscope is focused visually, and the expo- 
sure found by trial and error. A table lamp serves as the light 
source for the substage condenser. Such an arrangement is 
suitable only for low-power work. 

The photomicrographic set-up always in- 
cludes a holder for a filter between lamp and 
microscope. 

Kfihler’s illumination. This is the most usual 
method. It calls for a lamp condenser and a 
substage condenser, each equipped with an iris 
diaphragm. First, the lamp condenser is made 
to project a slightly enlarged image of the light 
source on the closed diaphragm of the micro- 
scope. The substage iris is then opened and a 
specimen is placed on the stage, and roughly 
focused. The lamp iris is stopped down, to give 
an aperture of about 3 mm. diameter, and the 
substage condenser is used to focus an image 
of this illuminated aperture on to the specimen. 
The eyepiece of the microscope is then removed 
so that the back lens of the objective can be 
examined. 

The substage iris is then stopped down so 
that its image just appears within the rim of 
the back lens. 

The substage iris is then correctly set for 
that particular objective. 

The eyepiece is replaced, the camera is set up 
in the same axis as the rest of the apparatus, and 
the image is focused on the ground glass. This 
image should be surrounded by a sharply defi ned 
black circle — the image of the lamp iris. 
Adjusting this iris does not affect the brilliance 
of the image; it varies the size of the illuminated 
circle and it can be adjusted to give any desired 
field of illumination. 

Bluish marks on the focusing screen show 
that the apparatus is not correctly centred. 
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Uneven or poor illumination is corrected by 
moving the lamphouse backwards or forwards, 
and then correcting the positions of the rest of 
the apparatus. 

TECHNIQUE 

The photographic side of micro-technique 
is comparatively straightforward. Certain 
points do, however, differ from standard 
practice. 

Focusing. The image is focused on the 
ground glass. Usually this is too coarse for 
accurate focusing, but an excellent focusing 
screen may be made by pencilling a cross in the 
centre of the ground side and then cementing a 
cover slip over it with Canada balsam. The 
result is a clear circle intersected by cross lines. 
The image is examined by means of a magnifying 
glass, and should be in focus together with the 
cross lines. This is best determined by moving 
the head from side to side while looking through 
the magnifying glass. If the image is not in focus, 
it will appear to move in relation to the cross. 
But when it lies in the same focal plane as the 
cross, both will move together. When that 
happens, the image is in sharp focus. 

Depth of field in photomicrography is very 
small. It can only be increased by using an 
objective fitted with a small iris diaphragm, 
but this in its turn means poorer resolution. 
Filters. Whenever filters are used, focusing is 
carried out with the filter in position. 

Achromatic lenses are generally used with a 
green filter to hold back the out-of -focus rays. 
Filters are also used to differentiate between 
stained areas in prepared botanical and 
zoological specimens. The choice of the correct 
filter for any particular specimen relies on the 
fact that a filter causes its own colour to print 
light, and its complementary colour to print 
dark. 

Unfortunately, biological stains do not 
transmit pure spectral colours so that some care 
is necessary in choosing filters if the final print 
is to show clear colour contrasts. Gelatin 
filters are supplied in sets for microscope work; 
while they give satisfactory service in this form 



KOHLER'S ILLUMINATION. Left: The first condenser focuses an image of the lamp on the second diaphragm. The second condenser 
focuses an image of the first diaphragm on the specimen. Closing the first diaphragm decreases the illuminated area of the specimen. 
Right: Closing the second diaphragm decreases the cone of rays entering the objective, but not the illuminated area. A, first 
condenser. B, first diaphragm. C, second diaphragm. D, second condenser. E, specimen. F, objective. 
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if they are handled carefully, they are better 
cemented between glass with Canada balsam. 
This type of filter must be used between lamp 
and microscope, and not between microscope 
and camera. 

Blue or violet filters are used over the light 
for photographing fine detail such as the 
markings on diatoms, and on the chitinous 
coats of insects. 

For work of extremely high resolution, light 
of a shorter wave-length is used. For diatom 
photography a blue filter is generally good 
enough, but for really critical work ultra-violet 
light must be employed. This necessitates a light 
source rich in ultra-violet, such as a mercury 
arc lamp, and an optical system transparent to 
the rays. So work of this sort calls for quartz 
lenses and a special photomicrographical bench. 


FILTER EFFECTS 


Colour of 
Filter 

Gives Contrast 
with 

GivesDetail 

with 

Approx. 
Factor 
( Tungsten 

Light) 

Deep magenta 
or purple 

Chitin, diatoms 
orange, green 

Blue 

X 10-x 15 

Deep blue 
(tricolour 
blue) 

Chitin, diatoms, 
red, orange, 
yellow 

Blue 

X 15-x 35 

Blue-green 

Diatoms, yellow 
(compensates 
achromatic 
objectives) 

Green 

X 10 

Tricolour 

green 

Red, orange 
(compensates 
achromatic 
objectives) 

Green 

x 6- x 9 

Yellow green 

Compensating filter to absorb 
U.V. and excess red 

xli 

Pale yellow 
Deep yellow 

Compensating filter to absorb 
U.V. 

Blue, violet Yellow 

xl* 

x l*-x2 

Orange 

Blue, violet 

Red, orange 

x2-x4 

Tricolour red 

Green, blue violet Red, orange 

m 

X 

1 

n 

X 

Deep red 

Green, blue 

Red, infra- 
red 

x 8- x 25 

Magenta 

Green 

Blue, red 

x2-x 3 


Negative Material. Photomicrography calls for 
negative materials with fine grain and high 
resolution. Suitable emulsions are now coated 
on plates, cut films and 35 mm. film. 

Process plates or positive film are generally 
used for normal sized negatives. Photomicro- 
graphs on 35 mm. film are generally taken on 
a document copying type of film. All these 
emulsions give high resolution and extremely 
fine grain. Faster emulsions are used only when 
the subject or the set-up is likely to move. 

Most coloured subjects and stained sections 
have to be photographed on panchromatic 
plates or films. Infra-red plates are used for 
photographing certain insects and beetles where 
the important detail is obscured by a chitinous 
layer. (Chitin is opaque to ordinary light but 
transparent to infra-red.) For the same reason, 
infra-red plates and an infra-red source of light 


will resolve specimens stained with silver nitrate, 
which is normally opaque. 

Exposure. The correct exposure is found by 
making test strips. The back of a dark slide 
shutter is marked off into six equal strips with 
white paint. For the test, the light is switched 
off, the shutter is completely withdrawn, and 
then the light is switched on for 1 second. After 
1 second the shutter is pushed in one division, 
and again after 2 seconds, 4 seconds, 8 seconds, 
16 seconds, and so on. In this way each section 
of the plate receives double the exposure of the 
one before. 

In some cases the exposure may have to be 
measured in minutes, not seconds. The plate is 
then developed and the best exposure selected 
by inspection. 

Development. Process materials need no special 
fine grain development technique; sufficiently 
fine grain results from development in an M-Q 
developer or a hydroquinone-caustic where 
strong contrast is important. Fine grain treat- 
ment is only necessary with the faster emulsions. 

Naturally, stained sections and similar 
coloured objects necessitate the use of ortho- 
chromatic or panchromatic material, but this 
is almost always of slow or medium speed. 
Length of exposure is not usually of great 
importance, but fine grain is. In addition, the 
material is processed to give fine grain. 

-Colour Photography. Photomicrographs in 
colour are made with Photoflood lamps and 
KOhler’s method of illumination. A suitable 
filter is used to correct the illumination for the 
particular colour material. The specimen must 
be mounted in a colourless medium such as 
methyl methacrylate or polystyrene, and not 
in Canada balsam which always has a tint. 
Achromatic condensers are essential for such 
work and a compensating filter may be neces- 
sary to remove any residual background colour. 
Magnification. For the greatest resolving power 
of the objective, the magnification should be 
300 times the numerical aperture. The maximum 
permissible magnification is about 1 ,000 times 
the N.A., so, in practice, a figure of about 600 
times the N.A. is aimed at. 

The magnification is measured directly by 
focusing the image of a stage micrometer on the 
screen. A stage micrometer is a microscope 
slide marked off in hundredths of a millimetre. 
The magnification is then given directly by 
measuring the length of the image of a one 
millimetre division with a millimetre rule laid 
on the focusing screen. An approximate figure 
can be arrived at by using the formula: 

Total magnification = objective magnification 
x eyepiece magnification x camera extension 
(cm.) — 25 (or -r 10 when measuring in 
inches). 

The objective magnification is approximately 

180 7 

or 

focal length (mm.) focal length (inches) 
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The eyepiece magnification is generally marked 
on it. 

Example: A 12 mm. objective of N.A. 0 35 
is used with a 6x eyepiece and a 50 cm. 
camera extension. 

180 

Objective magnification = = 1 5 x 

12 

Total magnification = 15x6x50 -H 25 

= 180 x 

So to obtain the desired magnification of 
600 x N.A. = 600 x 0-35 = 210 x, the final 
print will have to be enlajged from the nega- 
tive a further 210/180 = about 1 f times. 

The upper limit of magnification for a 35 
mm. camera is usually reached by enlarging to 
about whole-plate size (6i x 8£ ins.). Mag- 
nification produced by the eyepiece does not 
increase resolution, it merely increases the size 
of the image. 

Preparing the Specimen. Specimens like pollen, 
insect eggs, or the wing of a fly are examined 
dry. Some thick subjects have to be mounted 
in a cell on the slide before being covered by a 
cover-glass. But most specimens are sandwiched 
between slips of glass with a drop of water. The 
cover-glass is slipped carefully over the specimen 
so as to exclude air bubbles. Dilute glycerin is 
sometimes used instead of water where there is 
a risk of evaporation during exposure. 

Most botanical and zoological specimens 
must be teased apart with needles, or cut into 
very thin sections before mounting between 
glass. Sections may be cut with a flat-ground 
razor, the specimen being held in the hand and 
kept wet by constantly dipping it in water. For 
accurate preparation of slides on any scale, 
however, a microtome (a form of adjustable 
mechanical sheer) is more convenient. 

Considerable skill is needed to prepare 
permanent slides, and only the general pro- 
cedure can be outlined here. First the speci- 
men is killed and its appearance fixed with 
dilute alcohol or formalin. Sections are cut at 
this stage. The specimen is left in the fixing 
fluid until required. As the object is saturated 
with alcohol it will accept alcoholic stains, such 
as safranin. 

Superfluous stain is washed out with more 
alcohol, and the alcohol is removed by washing 
in water. 

The section will now accept an aqueous stain, 
such as Delafield’s haematoxylin. Any excess of 
this is removed by washing in water. The 
specimen is then immersed in alcohol of various 
strengths, e.g., 35, 50, 70, 85, 95, and 100 per 
cent, starting with the weak solution and 
gradually bringing the specimen up to the 
strong solution. This removes the water. 

The cell contents are opaque at this stage and 
must be cleared by immersion in clove oil, 
followed by xylol. Thethinnest and best sections 
are then mounted on a slide and covered with a 
drop of Canada balsam in xylol. The cover slip 
is then placed in position, and the slide placed 



DARK GROUND ILLUMINATION. A central stop between lamp 
and condenser cuts out the central cone of rays. The marginal 
rays illuminate the specimen, but do not enter the objective. 

in a dry dust-free place until the balsam has set 
hard and the slide is safe to handle. 

Opaque Specimens. Opaque specimens such as 
are found in metallurgy may be illuminated by 
directing a beam of light from the lamp so that 
it just grazes the surface. In this way every tiny 
surface irregularity is thrown into sharp relief. 
It is more usual, however, to employ a vertical 
illuminator, a special type of objective which 
receives a ray of light through the side, reflects 
it vertically down on to the object, and then 
transmits the rays as they are reflected upwards, 
towards the eyepiece. 

With this type of illumination the loss of 
light is so great that a high-power light source 
such as a carbon or mercury arc is usually 
necessary. 

Very Transparent Subjects. Dark ground 
illumination, used for very transparent objects, 
can give useful and beautiful results. It is pro- 
duced by a special substage illuminator or the 
usual substage condenser fitted with a central 
stop. In both systems only the marginal ring of 
rays is focused on to the specimen. When therays 
cross and diverge they do so at such an angle 
that none of them enters the objective. But 
where the rays are refracted by the specimen, 
some of them are directed upwards and enter 
the objective. The result is a brilliant white 
image on a black ground. 

Exposures are long, even with a powerful 
light source such as an arc lamp or a Photo- 
flood. Exposure is controlled by switching the 
light on and off, or by interposing a card 
between lamp and microscope to avoid move- 
ment or shake. For critical work it is found that 
practically every shutter introduces vibration. 

SPECIAL EQUIPMENT 

Much of the manufactured photomicro- 
graphic equipment is intended for such 
specialized users as industrial research labor- 
atories, hospitals, and universities. But three 
more or less standard types of equipment are 
available for general use. 

Horizontal Equipment. This type of equipment 
consists of a massive base carrying a lamp- 
house with condenser and iris, a microscope, 
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and a camera capable of considerable extension. 
The lamp is usually a high-powered point 
source or a carbon or mercury arc. All optical 
units have centring screws by which the whole 
apparatus is lined up before use. The bed may 
be mounted on shock absorbers and generally 
carries remote control rods so that the objective 
can be focused f rom behind the focusing screen. 
Vertical Equipment. The conventional vertical 
set-up consists of a camera and microscope 
running on vertical rails attached to a massive 
column, with a lamp system on horizontal rails 
in front of the microscope. The camera has a 
reflex screen for focusing and the microscope 
may have a reflex eyepiece so that the image 
can be observed during focusing. The micro- 
scope mirror must always be used. 

The Eyepiece Camera. The eyepiece camera fits 
over the draw tube of an ordinary microscope. 
It often carries its own shutter and eyepiece so 
that the image may be observed after the dark 
slide has been fitted. When the reflex eyepiece is 
focused accurately on the cross hairs, the 
instrument is adjusted for the user’s sight. The 
makers incorporate all necessary corrections 
for the alteration in the tube-length of the 
microscope. (The optical system of a micro- 
scope is corrected for a certain tube-length, 


usually 160 mm., and if triple nose-pieces or 
other attachments are added later, the draw 
tube must be used to correct the tube length.) 
The Electron Microscope. The electron micro- 
scope is based on an extension of the principle 
that the shorter the wavelength the higher the 
resolution. The“light” is an electron stream, and 
the “lenses” consist of magnets and electrical 
condensers which focus the beam. The in- 
creased resolving power makes it possible to 
work magnifications up to 100,000 x . A camera 
is normally built in to the instrument and used 
for making permanent records of the image — 
formed in this case on a fluorescent screen. 
Phase-Contrast Microscopes. For dealing with 
highly refractile specimens there are now on the 
market phase-contrast microscopes, or attach- 
ments for converting an ordinary microscope 
into a phase-contrast type. These depend on a 
novel principle — that of slowing down some of 
the light rays. They are generally used for 
visual examination but they may also be 
employed for photomicrography, if a sufficiently 
powerful light source is used. A.Ja. 

See also: Macro photography. 

Books: Amateur Photomicrography, by A. Jackson 
(London); Photomicrography, Theory and Practice, by 
C. P. Shillaber (London). 


PHOTO MONTAGE. Composite photo- 
graph made by cutting out and pasting to- 
gether several separate photographs to achieve 
a particular effect — e.g., to convey an over-all 
impression in a portrait by combining several 
aspects of the same face. Alternatively, photo 
montage may be used in producing photo- 
graphs covering a very wide angle of view — 
e.g., in panoramas. 


The technique of making a single positive 
by printing several negatives or even by multiple 
exposure of the negative material, is also some- 
times known as photo montage; however, these 
techniques are generally given special names — 
e.g., combination printing and, in motion 
pictures, travelling matte shots, etc. 

See also: Montage. 


PHOTO MURALS 


A photo mural is a photograph that covers 
an entire wall or section of wall as a decoration. 
There are two ways of applying a photographic 
image of the requisite size to the wall surface: 
the negative is enlarged on to bromide paper 
in sections and the sections are assembled 
and stuck on to the wall; the wall may be 
sprayed with sensitized emulsion and the 
negative enlarged directly on to it. 

Both methods are practised by firms special- 
izing in photo mural work. The second method 
can only be applied by such specialists, but the 
first method is within the resources of the 
norma] professional who only wants to use it 
occasionally. It is easier, however, if a few 
extra items of equipment — e.g., large dishes 
and bowls, provision for drying and trimming of 
the prints — are available. 

Uses. One of the most popular applications of 
photo murals, apart from their use as display 


pieces, posters, and exhibition features, is as 
a wall decoration. In hotels, reception halls, 
and even private houses they are frequently 
used to give an impression of space. A scene 
consisting mainly of middle distance and 
distance is made to cover a whole wall, and 
enlarged to its natural proportions as viewed 
from the room. 

Sometimes the scene is set in a dummy 
window frame so that it appears as though 
seen through an actual window. 

Hand colouring may strengthen the im- 
pression. 

Scenes suitable for this type of photo mural 
are panoramas of well-varied landscapes: a 
range of distant mountains seen across a 
valley, a distant vista of skyscrapers or a 
fringe of palm trees along the edge of a lagoon. 
A suitable mural for an air-line booking office 
would be a photograph taken from an aircraft 
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PHOTO MURALS. Top: The original negative must be criti- 
cally sharp and reasonably thin. Upper centre: Usually it is 
advisable to prepare a copy negative from the original negative, 
as large as possible. Where very great wall areas are to be 
covered, the copy negative may be made in sections. Lower 
centre: The enlargements are made on to strips of paper 
pinned to the wall. Pins should be placed at an angle pointing 
towards the lens, to minimize shadows. Bottom: The final 
prints should have sufficient overlap at the edges of each section 
to permit easy assembly when it is mounted in position. 


of a cloudscape in sunlight. In a private house, 
a blank wall — e.g., of a basement lounge — 
might be decorated with a view of mountains 
mirrored in a lake to give a feeling of spacious- 
ness. 

The viewing distance must be carefully 
considered in the production of murals. The 
effect of the display will be lost if the print is 
too large and the viewer cannot stand far 
enough away to obtain a comprehensive view. 
The Negative. Because of the great scale of 
enlargement, the negative must be critically 
sharp to allow for some inevitable loss of 
definition in enlarging, and as thin as possible 
so that printing time is kept within reasonable 
limits. If it is inclined to be dense, it pays to 
make a thinner copy negative as big as the 
enlarger can take, and preferably from an 
enlarged and retouched print. 

It is very much easier to print the whole 
negative area in one exposure if the space to be 
covered is not too big for the enlarger used. 
If it is not possible to find a big enough wall 
space in the darkroom (or a room that can 
be darkened) or the enlarger cannot be set 
up far enough away from the wall to project 
the whole negative to the required size, then 
the picture will have to be made in two or 
more sections. To do this, the negative must be 
copied in sections on to the required number of 
plates so that each section occupies as much of 
the plate area as possible. The plates are all 
exposed and processed together, or at least 
under identical conditions. 

Paper. In general, glossy paper should be 
avoided because light reflected from the surface 
is distracting. White or ivory base papers 
with a semi-matt or lustre surface have an 
excellent luminosity and depth of tone and 
will readily accept retouching and colouring 
pigments and dyes. 

Enlargers. A horizontal enlarger is preferable, 
though a vertical enlarger with a rotating head 
can be used. The lens must be of good quality 
and of a sufficient focal length to cover the 
negative adequately. 

Any unevenness of illumination must be 
rectified. There are two ways of doing this: 

(1) A small circle of fine tissue paper can be 
stuck to the top of the condenser and the edges 
of the paper notched to reduce any sharp 
difference in density, or 

(2) A compensating screen can be made by 
placing an unexposed slow plate in place of the 
diffusing screen and briefly flashing the expos- 
ing lamp. The plate is then developed in a 
very weak developer to a very low density. 
The density of the resulting image is greatest 
where the light is brightest, and, when it is 
correctly exposed and developed, it exactly 
cancels out any unevenness in illumination 
when inserted in place of the diffusing screen. 
Processing Dishes. The normal 18 x 20 ins. 
dishes are suitable for see-saw processing of 
lengths of paper up to 3 feet long by 20 ins. 
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wide. Larger and deeper dishes are essential for 
processing long lengths of paper by the roll 
method. 

A simple method of making temporary 
dishes of a suitable size is to cover a wooden 
foundation with waterproof plastic. For the 
base, a large sheet of wall board or plywood is 
used, and a raised rim is built around it by 
fastening lengths of 1 x 2 ins. batten along 
the edges to form a closed rectangle 2 ins. 
deep. The plastic sheet material sold by the 
yard for curtains and table coverings makes a 
satisfactory waterproof lining. It is simply laid 
on the wooden base and tacked into position 
along the outside edges of the side battens. 

The size of the dish that can be constructed 
in this way is limited only by the width of the 
materials, but both wall board and plastic are 
made in at least 36 ins. width which is ample 
for making a dish to handle 20 ins. wide 
photo mural printing paper. (At least 10 ins. 
must be allowed on the width of the plastic 
sheet to include the sides and turnings.) For 
processing 40 ins. wide paper it will be neces- 
sary to join two widths of wall board and cover 
the dish with 54 ins. wide plastic sheet. Such 
dishes cost only a fraction of the price of the 
proper article and the materials can be used 
again for other purposes. 

Printing Surface. If possible the mural should 
be printed in a single exposure. For this, it is 
necessary to have a printing surface at least as 
big as the finished mural with enough distance 
in front of it to allow the enlarger to be set up 
to cover that area. There is nothing better than 
the wall of the room, but if a suitable wall is not 
available, a surface must be constructed with 
wall-board on battens. 

The finished surface must be free from bumps 
or unevenness and the enlarger must be set up 
accurately in position with respect to it. This 
is best done by removing the negative and 
measuring up the sides and diagonals of the 
projected rectangle of light cast by the negative 
carrier. If only a part of the negative is to be 
enlarged, then the equivalent rectangle should 
be marked out in ink on a clear piece of nega- 
tive material — or scratched on an old dense 
negative. This rectangle is then projected to the 
required size and checked for equality of 
diagonals and opposite sides. 

If the photo mural must be printed in sec- 
tions, when all the sections are assembled it 
must look as though the whole picture had 
been enlarged at one time on a single sheet of 
paper. This means that each section must match 
the next in regard to its scale, its printing 
density, and its tone. 

Scale. Once the negative has been set and 
focused in the enlarger, nothing must be moved 
until the whole job is finished. It is extremely 
difficult to re-focus a negative to give a match- 
ing print. Even when the prints are all exposed 
at the same scale of enlargement, the greatest 
care must be exercised in processing them or 


one may stretch more than another and refuse 
to register with it. This applies particularly to 
paper that is squeegeed while it is wet; extra 
pressure on one sheet will press it out larger 
than its neighbours. 

It is also necessary for the lens to have a flat 
and symmetrical field. Any difference in magni- 
fication between one side of the field and the 
other will show up as soon as the prints are 
joined up. 

Printing Density. The prints will have the same 
density only if they are exposed for the same 
length of time under exactly comparable con- 
ditions. This means that the enlarger illumina- 
tion must be absolutely uniform measured over 
the actual image area, and not simply on the 
negative. Unless the printing density is the 
same, a fully-exposed black alongside a corres- 
ponding but under-exposed black on the 
adjacent section of the picture will show the 
join at once. 

Tone. Even when all sections of the picture 
have had the same exposure, they will not 
necessarily give blacks of the same tone if the 
temperature of the developer changes during 
processing or the solution is worked to the 
point of exhaustion, or if, by faulty manipula- 
tion in the solution, one print gets more develop- 
ment than another. Furthermore, any "dodg- 
ing” carried out on one print must be repeated 
exactly when the adjacent section is being 
exposed or there will be tone differences 
between the two. 

Preparation. In the simplest case, the complete 
mural will be made in a single exposure by 
projecting the whole of the negative image on 
to the paper at once. The dimensions of the 
mural should be chosen so that it can be 
covered with the minimum number of sheets 
or strips of paper, allowing for about a } in. 
overlap — e.g., a 6 x 10 foot mural would be 
printed on two 10-foot lengths of 40 ins. wide 
paper. 

The boundaries of the picture are marked on 
the printing surface, allowing for an inch in 
40 stretch in the paper after processing. The 
enlarger is then set up with the negative in 
position in the carrier and adjusted until the 
required picture just fills the marked space. 

If the mural must be printed in sections, each 
section is copied on to the largest negative that 
the enlarger will take. The size of the first 
section is marked out on the printing surface 
and the corresponding negative is adjusted to 
fill it. Once this has been done, the subsequent 
sections are printed without adjusting the 
scale of enlargement again, otherwise the 
adjacent sections will not match. It should 
always be possible to print each section on not 
more than two widths of paper. An allowance 
of up to 2 ins. should be made down the 
adjoining edges of the sections to allow for 
overlapping. 

Each negative should be masked down to 
little more than the exact printing area to cut 
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down the unwanted light as much as possible. 
Printing. When the image has been focused and 
adjusted to fit the area, the lens is stopped 
down until the definition is satisfactory right 
to the comers of the picture. Test pieces of 
paper — about whole plate size — are then 
exposed in the centre and comers of the picture 
area to arrive at the right exposure. The test 
pieces should include representative highlights 
and shadows and should be cut from the actual 
roll of paper to be used for making the prints. 
Each test piece is developed right out, and the 
exposure (or local control) adjusted until it 
gives a fully graded image under these condi- 
tions. 

Once the exposure has been determined, the 
actual printing can proceed. Whether the 
mural takes a single exposure, or has to be 
covered in several, the method is the same. The 
first length of paper is pinned in position over 
the lower half of the image area. Then, before 
pinning up the second half, about an inch is 
trimmed off along one of the edges to take care 
of the defective emulsion occasionally found at 
the extreme edge of this type of paper. The 
trimmed edge is then lapped about J inch over 
the adjoining edge of the first length and held in 
close contact with ordinary pins, placed to cast 
the smallest possible shadow. (These shadows 
are subsequently touched out with dye or 
pigment.) If the paper is left rolled up, emul- 
sion side out, for an hour or two before pinning 
it up, it will lie flat to the wall. 

The exposure is then made by switching the 
enlarger lamp on and off. It is essential for the 
whole set-up to be perfectly steady before 
making the exposure; the slightest vibration at 
this scale of magnification hopelessly blurs the 
image. 

Processing. One of four methods may be used 
for processing the exposed strips. For the 
first three methods the paper should be pre- 
soaked. All strips must be developed under 
exactly the same conditions and for exactly 
the same time as all others for the same mural. 

(1) Large dish method. If a large enough tray 
is available, the strip may be processed flat in 
the normal manner and should be covered 
with developer quickly and evenly to avoid 
uneven development. Another method is to 
fold the strip in half, emulsion side out, and 
then fold the doubled strip once more. It is 
now one quarter of its length and can be 
processed in a dish of a smaller size by regularly 
reversing the second fold so as to bring the 
inside and outside emulsion surfaces into 
contact with the developer in turn. 

(2) See-saw method. This method may be 
used by one operator for strips up to 4 feet in 
length; longer lengths require three operators, 
one at each end and the third to maintain the 
loop fully immersed. To facilitate handling, 
and reduce the danger of tearing, the ends of 
the paper should be clipped to wooden rods 
running the full width of the strip. 


(3) Deep-dish method. This method is recom- 
mended for processing long strips, and requires 
one operator. The paper is completely im- 
mersed during pre-soaking while being con- 
tinually unrolled and re-rolled from end to 
end. The unrolling and re-rolling are repeated 
throughout the whole period of development 
and fixing; constant movement and complete 
immersion are essential to even developer 
action. 

(4) Brushing method. A developer with no 
tendency to stain during prolonged develop- 
ment — e.g., a glycin type — must be used for 
this method. 

The strip should be laid on a non-absorbent 
surface and swabbed with developer as evenly 
as possible. Full development of up to 6 
minutes may be given to allow areas wetted at 
different times to even out. Excess developer 
should then be squeegeed off and an acid stop- 
bath flooded on. 

After a few seconds the stopbath should be 
drained off, and the fixer swabbed on for the 
full fixing time, ensuring a continually fresh 
supply of fixer. 

The exposure may be shortened slightly and 
development time extended should the standard 
development times prove inconveniently short. 

To ensure even density of strips the tempera- 
tures of all processing solutions must be main- 
tained at a constant level. 

A plain acid fixing bath without hardener 
should be used to avoid the possibility of the 
emulsion cracking should the paper be kinked 
after drying. 

Normal washing in running water is pre- 
ferable; alternatively, the strips should be 
soaked for 5 minutes in each of twelve changes 
of water. A hypo test should be made if the 
prints are for permanent display. 

The strips are best dried by clipping them at 
intervals along the whole length to a stretched 
cord. 

Mounting. If prints are to be mounted direct 
on to a wall the tendency to contract on drying 
will not matter. But if mounted on panels for 
temporary display, the panels should be 
strongly braced to prevent warping. Alterna- 
tively, a sheet of wet kraft paper should be 
pasted to the back of the mount at the same 
time as the enlargement is mounted. This will 
counterbalance the pull of the paper on the 
other side and leave the mount flat. 

If the prints are to be mounted on an absor- 
bent material, the surface must be well sized 
beforehand. A sheet of muslin may be pasted 
over the wall to provide a continuous mounting 
surface. 

The adjacent edges of the strips may be 
trimmed level and butt jointed — in the same 
way as a paperhanger puts paper on a wall — 
or they may be overlapped. One method which 
produces an almost invisible join is to strip 
the paper support away from the emulsion 
for about l in. along one edge, and to cut 
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away the same amount of emulsion from the 
corresponding edge of the adjacent strip. (A 
suitable amount of overlap of the image must 
be allowed in printing.) The emulsion of one 
strip is then pasted over the paper base of the 
strip next to it. The final effect is of an un- 
broken emulsion surface stretching right over 
the join. It is doubtful whether such exact 
methods are justified in photo murals that are 
to be looked at from a distance, but they may 
be worth while on the walls of living-rooms, 
etc. 

To apply the paper, it is first soaked in 
plain water to get it limp and, after draining, 
it is laid face down and well brushed over with 
a good water paste, strained if necessary to 
remove any solid particles. It is then carefully 
lifted and smoothed into place with a wet 
flannel rolled around a block of wood and 
constantly dipped in water to make it slide 
easily. Any excess paste that squeezes out can 
be sponged off later. When all strips have been 
fitted into position, the work is allowed to dry 
for a day before retouching and finishing. 
Finishing. Slight blemishes are retouched with 
normal bromide spotting dyes, or with water 
colour. Small areas can be retouched with 
pencil, provided the surface of the print is 
subsequently to be protected. Large areas are 
best worked up with an air-brush. 

Oil or water colour can be applied by air- 
brush, camel-hair brushes, or cotton wool on 
orange sticks. Colouring work should be 
frequently viewed from a distance to verify 
the general effect. 

A coat of clear cellulose lacquer provides 
maximum permanence and weather-proofing, 
and the lacquer should be applied by means of 
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a paint spray-gun. For outdoor enlargements 
both print and mount should be sprayed. 

In Situ Method. The method of enlarging the 
negative direct on to a sprayed-on wall- 
coating of emulsion is a highly specialized 
techique that is beyond the resources of the 
ordinary studio. 

First of all the surface must be prepared to 
ensure that no chemicals in the wall or its pro- 
tective finish can affect the photographic image 
in the course of time. It may be necessary to 
spray on a sealing coat before applying the 
emulsion. Some provision must also be made to 
collect the solutions that are swabbed on to 
the surface later. 

After the room has been completely blacked 
out and equipped with a suitable safelight, 
the emulsion is sprayed on to the wall surface 
with a special type of paint spray-gun silver 
plated on all surfaces in contact with the 
emulsion. So that the operator will be able to 
tell which parts he has covered, the emulsion 
incorporates a dye — e.g., a red dye which 
appears as a dark tone under a light green safe- 
light. The dye is water-soluble and is removed 
in the course of processing. 

The emulsion is supplied as a dry powder 
which is mixed with warm water immediately 
before use. It is applied under carefully con- 
trolled conditions of room temperature and 
humidity. When the emulsion dries the nega- 
tive is enlarged on to it in a single operation, 
after which it is processed by swabbing or 
spraying the solutions on to the surface. After 
washing and drying, the surface is finally 
sprayed with a protective finishing coat of 
transparent vamish. A.E.S. 

See also: Giant enlargements; Montage; Murals. 


PHOTON. Least quantity of radiant energy 
that can be transferred to or from a system. 
The size of the photon varies according to the 
frequency of the ray, but it is constant for all 
rays of one particular wavelength. 

See also: Light units. 

PHOTO-REPORTAGE. Use of photography 
to supplement or replace accounts of events 
and places of current interest written for 
publication — e.g., in newspapers or magazines. 

See also : Freelance photography; Magazine photography ; 
Photo Journalism ; Picture series; Press photography. 

PHOTOSCULPTURE. Method of automatic 
sculpture based on a camera image or images of 
the subject. Since the middle of the last century 
workers in various countries have attempted to 
use the camera for producing either bas reliefs 
or solid sculptures. Most attempts have suc- 
ceeded in producing results of a sort, but all 
were too complicated and costly to survive. 
Some systems were almost completely auto- 


matic; the camera images being translated 
directly into the corresponding solid form. In 
others, the images were no more than a guide 
to the operations of one or more sculptors. 
Willime’s Method. Francois Willfcme (1830- 
1 905), a French painter and sculptor, took out 
patents for a method of photosculpture in 
1 860 and received enough support to found La 
Societe Generate de Photosculpture de France 
(the French General Society of Photosculp- 
ture) and erect a pretentious establishment in 
Paris. He employed a staff of photographers 
and sculptors whom he trained in the technique. 

The studio consisted of a circular room with 
a glass dome. Twenty-four cameras were dis- 
posed regularly around the perimeter and 
focused on the centre of the room where the 
sitter occupied a raised dais. A silver ball sus- 
pended from the exact centre of the dome 
immediately over the sitter’s head provided a 
common reference by which all the negatives 
could later be registered. 

All the cameras were operated simultaneously 
by a common shutter control and an exposure 
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of about 10 seconds gave twenty-four nega- 
tives, each showing a profile of the subject 
from a different angle. These negatives were 
then projected to the required finished size 
and a set of templates traced from the pro- 
jected images, all the templates being registered 
on the image of the ball and the cord by which 
it was suspended. 

The templates were mounted in turn on a 
pantograph set up in front of a mass of model- 
ling clay fixed on a rotating platform. The 
platform could be fixed in any one of twenty- 
four positions corresponding to the camera 
angles from which the set of photographs were 
taken. Each of the templates was set up in 
turn in such a way that when the operator 
traced around' it with the stylus of the panto- 
graph, he moved a tool which shaped the clay 
to the same profile. When one profile had 
been carved out in this way, the clay was 
rotated into the next position and the corres- 
ponding template set up in the pantograph. 

The process was repeated until all twenty- 
four profiles had been cut in the clay, and at 
that stage the work was continued by hand. A 
considerable amount of handwork was neces- 
sary to fill in the shape between one profile 
and the next and to add the depressed features 
— e.g., eye sockets and nostrils — which were 
bound to be left out by this method. The clay 
could then be used to make a mould from which 
copies could be cast in plaster or metal. 

In spite of the many practical difficulties 
and the large amound of skilled workmanship, 
the method was a craze for a time, and many 
people patronized the studio, among them such 
notables as Theophile Gautier, the leading 
actors of the day, and the entire Spanish royal 
family. But the enterprise could not pay its 
way and had to close down in 1867. Various 
improvements on the method were proposed, 
notably by Poetschke (1891) and Selke (1892), 
but were not applied on a commercial scale. 
Baes’ Method. Carlo Baes, an Italian sculptor, 
developed a method of photosculpture at the 
beginning of the century and published an 
account with a photograph of his studio set- 
up in 1908. His method was to illuminate the 
subject by a light source and a ring of mirrors 
in such a way that the illumination increased 
uniformly from the front to the back of the 
subject. One exposure was made in this way 
and then another was made with the lighting 
reversed so that its intensity increased from the 
back to the front. 

The two negatives were printed in register 
on to bichromated gelatin which was processed 
to make it swell selectively and form a relief 
image. By combining two complementary 
negative images in this way all effects of colour 
and lighting were neutralized and the result 
was a pattern of tones which varied in density 
with the relief of the subject. 

This method is only suitable for portrait 
heads of about 3 ins. in height because the 


relief produced is not sufficiently pronounced 
to resemble anything like a solid object. 
Edmunds’ Method. In 1921 H. M. Edmunds 
published a process in which a spiral light trace 
was projected on to the subject from a point 
close to the camera lens. In the resulting picture 
the spiral was distorted by the irregularities 
in the surface of the subject. Up to a point, the 
distortions indicated the shape of the surface 
and formed the basis for the semi-automatic 
carving operation that followed. 

In the carving process, the distorted spiral 
image was scanned by a low power microscope 
linked to a pantograph through which it con- 
trolled a power-driven engraving tool. By this 
means any suitable material could be shaped to 
a relief image of the subject. 

This method possessed the advantage that ir 
reproduced cavities that are inevitably filled in 
by the various methods in which the illumina- 
tion falls across the subject from the side. 
Givaudan’s Method. The inventor of this 
method, which was described in 1926, called it 
photostereotomy because in effect it divided 
up the subject optically into a number of 
parallel slices. The subject was surrounded by 
a system of five light sources shining through 
narrow slits, the total effect of which added up 
to a thin continuous line of light. This line of 
light illuminated the edge of an imaginary 
section of the subject cut parallel to the focal 
plane to the lens. The light sources were 
mounted on a sliding carriage so that it was 
possible to illuminate and photograph a series 
of sections from the front to the back of the 
subject. The negative image of each sectio.i 
was printed and the profile cut out. When all 
the profiles obtained in this way were assembled, 
the result was a relief image. 

By making very small shifts of the lighting 
between exposures — i.e., making a large 
number of profiles — the final result was reason- 
ably continuous. In practice, Givaudan com- 
bined as many as sixty profiles printed on paper 
1/10 mm. thick to form a relief image 6 mm. 
thick. It was also possible to insert suitable 
spacers between the profiles to increase the 
thickness to its natural proportion, and by 
combining such reliefs made from both sides 
of the subject, the result was equivalent to a 
sculped figure. 

This method also called for more work and 
expense than was justified by the results. 
Sculptography. A method attributed to Japan 
and subsequently applied in the United States 
was described in 1934 under the name of 
sculptography. In this, the sitter occupies a 
chair in a dark room on a turntable which can 
be complete rotated once in four seconds A 
thin vertical line of light is projected on to the 
subject and photographed with a cinemato- 
graph camera. The angle between the light pro- 
jector and camera axes is about 30°, so that 
the line of light as seen by the camera bends 
with the contours of the subject. (If both 


858 



PHO 


axes lay close together, the camera would 
see only a vertical line, no matter what the 
position of the subject.) 

The resulting cine record is of a succession of 
profiles, each taken from a slightly different 
angle. These profiles are enlarged separately 
and cut out either mechanically or by etching, 
and assembled with packing between to form a 
solid figure. The ridges formed by the edges of 
the individual profiles are filled with wax and 
casts are made in the usual way. 

Of all the methods that have been proposed 
or tried, this appears to be the most promising, 
but like the others, it has never become a 
widely followed commercial proposition. F.P. 

See also: Statuettes. 

PHOTOSTAT. Form of copying camera 
and process designed to produce quick and 
accurate copies on a commercial scale. It is 
mounted on a pedestal with all the necessary 
controls and its own easel for supporting the 
document to be copied. 

The sensitized material used is a special highly 
sensitive paper carried on a reel in a magazine 
in the camera. An automatic processing unit 
develops and fixes the exposed prints so that 
they only require washing in daylight before 
being dried. The Photostat, like the reflex 
printing and camera processes, produces a 
negative from which contact copies can be 
made. 

If large true-to-scale positives are required, 
the first camera picture is usually taken on 
special film. By using an attachment that 
converts the Photostat into a projector, en- 
largements from the film can be made to any 
convenient scale. Several manufacturers market 
machines of the Photostat type; their names 
mav vary, but the principle is the same in all 
cases. H.W.G. 

See aiso: Document photography. 

PHOTO-STEREO-SYNTHESIS. Method of 
producing an image which gives an impression 
of stereoscopic relief when viewed normally. 
The image consists of a number of positive 
transparencies made by taking a series of 
photographs of a still subject, each photo- 
graph showing only a single plane sharp. After 
each exposure the camera is moved nearer to 
the subject so that the scale of reproduction is 
the same for each plane. The resulting trans- 
parencies are then superimposed so that the 
sharp planes depicted occur in the same rela- 
tionship as in the original subject and are pro- 
portionately spaced. The impression of relief 
is appreciable from one observation point only. 

PHOTOTELEGRAPHY. Nowadays the trans- 
mission of pictures by wire and radio is an 
everyday occurrence; almost every newspaper 
possesses at least one transmitter and receiver. 
Modern equipment produces pictures which are 
almost indistinguishable from the original, and 


for this reason many wired pictures are repro- 
duced in our newspapers without any indica- 
tion of the fact being given in the caption. 
History. Picture telegraphy is by no means a 
recent technique. Attempts at the transmission 
of pictures by wire were made even before the 
development of Morse Code telegraphy for 
normal communication. 

The first system was devised and demon- 
strated in 1842 by Alexander Bain, a Scotsman, 
using a set-up which satisfied in an elementary 
way the fundamental requirements for facsimile 
transmission as it is known to-day. Other early 
experimenters were Shelford Bid well (1881), 
Belin, Kom, Jenkins and Ferre. Even before 
the introduction of modem electronic valves, 
practical systems with commercial applications 
had been developed. These systems used a code 
for tone values and could transmit reasonably 
good half-tones. 

With the advent of electronic techniques the 
transmission of half-tones was made much 



PHOTOTELEGRAPHY . Top: Transmitter. The picture is wound 
round a drum revolving at a fixed speed, and scanned by a light 
source and a photo-cell. The impulses are then superimposed on 
a carrier wave and fed into the line. Bottom: Receiver. The 
impulses are fed to o controlled light source which, by varia- 
tions in brightness, records an image on sensitive paper wrapped 
round a rotating picture drum. The signals can also actuate a 
writing blade for direct recording. The shaded area is the 
optical carriage in both cases. A. tuning fork. B, fork amplifier. 
C, synchronous motor. D, picture drum. E, scanning lamp. F, 
photo-multiplier cell. G. modulator. H, line amplifier. I, 
carrier oscillator. J, crater lamp ( controlled light source for 
recording). K, demodulator. L, low-pass filter. M, writing blade 
bearing on cylinder of direct recording unit. 
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easier and from the early nineteen-twenties 
high quality picture transmission became a 
reality. At the present time the majority of 
equipment in use is manufactured by Muirhead 
in England, Belin in France, and Times and 
Acme in the U.S.A. 

Transmission Principles. There is nothing 
difficult about the basic principles of picture 
telegraphy transmission. The picture to be 
transmitted is wrapped round a rotating drum, 
the surface of which is scanned by a spot of light 
which traverses it from end to end. Light 
reflected from the illuminated portion of the 
picture is focused on to a photo-cell, thus 
producing a minute current which varies as the 
drum rotates and the light spot travels over 
areas of differing tonal density. This current is 
amplified and transmitted by line or radio to 
the receiving end. In the receiver it is made to 
vary the intensity of a spot of light which falls 
on a sheet of sensitized paper wrapped round 
a drum similar to, and scanned in synchronism 
with, the transmitter drum. 

The photographic material used may be 
either paper or film, for by suitably adjusting 
the recording characteristics of the receiver the 
incoming signal can be made to record as a 
negative or a positive image. 

Recent Developments. Recently, smaller and 
greatly improved valves and other components 
have resulted in the production of smaller and 
better machines. In particular, new magnetic 
materials have enabled more compact, yet more 
efficient electrical filters to be constructed, 
giving improved picture definition. Picture 
quality at present is restricted by the band- 
width of the communication circuits employed. 
Direct Recording. One of the most notable 
advances has been the development of direct 
recording on electrosensitive paper. A recorder 
of this type uses paper in rolls sufficient for 
several hours continuous operation. The paper 
is drawn slowly between a rotating helix and a 
stainless steel blade, and a fluctuating current 
controlled by the received signal is passed 
through the paper at the point of intersection. 
The chemical action which occurs at the point 
of contact causes local darkening of the paper. 
The helix drum is maintained in synchronism 
with the transmitter drum and the picture is 
built up in a series of parallel lines. 

The paper is the result of years of experiment. 
It consists of a resin-bonded sulphite pulp paper 
of high wet strength and great absorbency, 
impregnated with an electrolyte and a colour- 
forming substance. Other chemicals are also 
added to intensify the colour and limit its 
spread. 

The current decomposes the electrolyte and 
one of the products of the decomposition reacts 
with the stainless steel blade to form a ferric 
salt. This salt reacts with the colour-forming 
substance and colours the paper. The result is a 
black-and-white record instantly visible with- 
out processing. Tonal gradation is good, and 


although the definition of photographs received 
in this way is not as high as those received on 
photographic paper, it is good enough for news- 
paper reproduction. 

The new technique seems to offer the greatest 
possibilities in the reproduction of graphic 
material like line drawings, maps and 
documents. H.S. 

See also : Electronic photography. 

Books; Facsimile, by C. R. Jones (London); The Trans- 
mission o/Pictures by Radio , by Cole and Small (London). 

PHOTO-THEODOLITE. Special type of 
photogrammetric camera for applying the 
principles of trigonometrical surveying to 
record photography. The camera is equipped 
with means of accurately defining its position 
and the angle of view of the subject. A grid, 
giving accurate horizontal and vertical refer- 
ences, is superimposed on the plate at the time 
of exposure. The field of the camera lens is 
corrected with respect to the grid lines so that 
the dimensions of the subject can be accurately 
deduced. The principle on which the photo- 
theodolite camera works is that it is possible 
to determine the position in space of any point 
object from photographs taken from two 
different viewpoints when the angle between the 
two cameras and their respective positions are 
known. 

Similarly, the shape of any solid object 
can be reconstructed by plotting the inter- 
section of perspective rays from corresponding 
points on the separate images. 

There are two types of photo-theodolite, the 
simpler in which the photographs are always 
taken with the plate vertical, and a more com- 
plex instrument which may be used with in- 
clined plates. 

See also : Naval photography; Photogrammetry. 

PHOTO-TYPE SETTING. (Film Setting.) 
Novel photographic method of producing a 
column or page of text in a single operation 
from a master photographic negative. Instead 
of employing lead characters, the type setting 
machine is fitted with a master photo matrix 
which bears negative images of all the characters 
likely to be needed. One master plate can 
produce type sizes between 4 points ( 05 in.) 
and 24 points ( 33 in.). 

The standard keyboard operation is used 
which results in movement of the matrix to 
bring the selected character into position over a 
roll of unexposed film. An exposure is then auto- 
matically made so that the negative image is 
recorded on the roll of film. Subsequent opera- 
tion of keys repeats this procedure, at the same 
time racking the projected images horizontally 
to build up each line. The result is lines of text 
recorded photographically on the roll of film; 
from this, ordinary line blocks or a negative 
for photo litho printing can be made. 

Systems vary slightly in design, but all em- 
ploy this principle. One novel method, for 
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PHOTO-TYPE SETTING. Relative movement of lens and two 
prisms adjusts letter sizes and focus. Lateral traverse of mirrors 
moves images along image plane. A, negative matrix. B, 
shutter. C. lens. D, mirror assembly. E, film drum. 

example, uses a revolving matrix coupled to 
an electronic (lash for the exposures; the speed 
of the flash freezes the movement of the selected 
character at the required instant as it passes 
the exposure position. 

The lenses used in photo-type setting 
machines are specially designed and must be 
accurately positioned as critical definition is 
essential. Some systems use a turret of lenses 
to obtain various projection (or type) sizes. 

The source of light usually resembles bulbs 
used in car head-lamps working at 12, 24 or 48 
watts. The useful light output is concentrated 
by a condenser lens system to give illumination 
over the area of the character in the master 
matrix. 

The film is spooled up on to a drum (size of 
film used is determined by the width of column 
or page to be set). The film is then fed through 
the mechanism and held rigidly immobile 
during exposure. Corrections are made by 
deleting and inserting full lines. The film is then 
processed and a positive of the column or page 
is the final product. 

There are six major film setting systems; three 
American, two British and one Dutch. Of these 
systems three have been evolved through the 
adaptation to photography of existing prin- 
ciples in hot metal type setting machines. The 
others make a completely new approach to the 
problem. R.W.D. 

See aJf.tN! Photomechanical reproduction. 

pH VALUE. Number signifying alkalinity on a 
logarithmic scale. It is the negative logarithm 
of the hydrogen ion concentration. Pure water, 
which is neutral, has a hydrogen ion concen- 
tration of I0-„ and thus a pH value of 7. 
Values below 7 are acid and above are alka- 
line, as indicated in the table. 

As the scale of pH values is logarithmic, each 
unit represents a degree of alkalinity which is 


PHY 

ten times as strong as the next below, and one 
tenth as strong as the next above. 

The chief importance of pH values in 
photography is their effect on the activity of 
developers. Most normal developing agents 
work with greatest efficiency in an alkaline 


pH VALUES 


pH-value 

Solution Is: 

0~ 2 

strongly acid 

3- 4 

acid 

5- 6 

weakly acid 

7 

neutral (pure water) 

B- 9 

weakly alkaline 

10-1 1 

alkaline 

12-14 

strongly alkaline 


solution. The degree of alkalinity and the way 
in which it is achieved (i.e., by small amounts 
of strong alkali, or large amounts of weak) 
have a decisive effect on the characteristics of 
the developer. 

Various ways are used to determine the 
pH of a solution directly. The main methods 
measure the potential of a glass, hydrogen, or 
quinhydrone electrode when immersed in the 
solution under examination. These are usually 
incorporated in so-called pH meters, and give 
a direct reading of pH on a scale of a voltmeter. 

In visual pH meters the colour of a universal 
indicator mixture added to the solution is 
compared with standard hues of the indicator 
at known pH values. 

See also: Indicator chemicals. 

PHYSICAL DEVELOPMENT.— In physical 
development, most of the silver forming the 
negative image is supplied by the developer and 
not by the emulsion as in normal development. 
A physical developer usually consists of a 
solution of silver nitrate with sodium sulphite, 
a silver solvent like sodium thiosulphate, and 
a certain amount of normal developing agent 
added. 

The main reason for the developing agent is 
that there must be a weak silver image there 
before physical development can start. The 
initial silver image is intensified by the addition 
of silver deposited on it from the solution. The 
process is therefore a modified form of silver 
intensification. 

The proportions of silver nitrate and 
developer must be carefully balanced to achieve 
a suitable rate of silver deposition without fog, 
and for this reason the chemicals have to be 
weighed out even more accurately, and clean 
work is more important, than usual. 

Image Characteristics. As very little of the 
silver halide in the emulsion is reduced, the 
image grain bears little relationship to the 
graininess of the emulsion. The grain obtained 
is, in fact, very fine, and subsequent silver 
deposition does not materially increase it. And 
as the image consists of a deposit of silver on 
the surface of the emulsion, it has very little 
thickness, so its resolution is also very good. 
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A certain amount of physical development 
occurs in the solvent fine grain developers. But 
its extent, compared with the normal chemical 
development taking place at the same time, is 
very much smaller. 

Ingredients of Physical Developers. Physical 
developers can be either acid or alkaline. While 
the alkaline formulae are more stable, the acid 
ones act more rapidly. 

The silver nitrate is the main constituent of 
the physical developer. It supplies the silver to 
build up the image. 

The sodium sulphite and the thiosulphate 
form soluble silver compounds which are not 
precipitated by the alkali of the developer. 

The sodium thiosulphate also dissolves away 
the silver salts in the emulsion, and puts an 
early end to the initial chemical development. 
This, however, reduces the effective photo- 
graphic speed of the material and since there 
has to be a fairly high concentration of thio- 
sulphate (about 3-4 per cent), this loss of speed 
cannot be avoided by reducing the hypo 
content of the solution. 

But the action of the thiosulphate on the 
silver salts in the emulsion can be slowed down 
by converting the silver bromide in the emulsion 
into silver iodide which is much less soluble 
in thiosulphate solutions. To do this, the film or 
plate is treated in a forebath of potassium 
iodide. A thorough rinse between this forebath 
and the actual developer is essential to prevent 
precipitation of insoluble silver iodide by 
potassium iodide carried over. 

Almost any developing agent can be used, 
but metol, or metol and hydroquinone give the 
cleanest results. 

Development Time. The exact amount of 
developing agent present controls the rate of 
development. This is greatly affected by even 
small changes of concentration and it is useful 
to be able to check the activity before actually 
using the developer. A check of this sort can be 
made in the following way. 

The actual time of development for any 
particular negative is first found by experiment, 
i.e., by developing strips of exposed film for 
varying times, and comparing them. At the 
same time, one drop of the same lot of 
developer is placed on a piece of contact or 
bromide paper, well fogged by exposure to 
light. After a short time the paper discolours 
and turns yellow or pink where the drop of 
developer was placed. 

The time it takes for the paper to change 
colour is always in a fixed ratio to the develop- 
ment time of the particular film or plate. If, for 
instance, the spot takes I minute to appear, and 
the best development time for the film in 
question was found to be 15 minutes, this ratio 
is 15 : 1. If with another batch of developer the 
spot takes 1 minute and 20 seconds to change 
colour, then the same film would have to be 
developed for 20 minutes to obtain the same 
result. This relationship only holds of course if 


the same negative material and the same 
printing paper are used in both cases. The 
ratio must be found by trial every time the 
negative material or test paper is changed. 

The development speed for physical develop- 
ment does not follow the same rules as in a 
normal developer. So it is not possible to 
estimate the correct development time of 
various negative materials in a physical 
developer simply by knowing the relative 
development times in a normal developer. 

But once the ratio of discoloration time to 
development time has been found for any one 
combination of negative material and printing 
paper, it will always be the same for those 
materials. So it can be used to find the correct 
development time whenever a new lot of 
developer is made up. 

Formulae. The following formulae are for a 
physical developer forebath and for solutions 
A and B of a physical developer. 


Fore bath 

Sodium sulphite, anhydrous 
Potassium iodide 
Water to make 
Solution A 

Sodium sulphite, anhydrous 
Silver nitrate 

Sodium thiosulphate (hypo) 
Distilled water to make 


1 

ounce 

25 

grams 

175 

grains 

10 

grama 

40 

ounces 

1,000 

c.cm. 

2 

ounces 

50 

grams 

1* 

ounces 

32 

grams 

6 

ounces 

150 

grams 

40 

ounces 

1,000 

c.cm. 


First, the silver nitrate is dissolved in about 
8 ounces (200 c.cm.) of water. Then the sodium 
sulphite, dissolved in about 20 ounces (500 
c.cm.), is slowly stirred in. When the pre- 
cipitate which is first formed has redissolved, 
the thiosulphate is added. Finally, the rest of 
the water is added to make the correct volume. 
The solution will keep almost indefinitely 


Solution B 

Metol 35 grains 

Sodium sulphite, anhydrous 175 grains 

Hydroquinone 60 grains 

Sodium hydroxide 60 grains 

Distilled water to make 4 ounces 


2 grams 
10 grams 
3’4 grams 
3- 4 grams 
100 c.cm. 


Procedure. The film is first immersed in the 
forebath for 1$ minutes. It is then rinsed well, 
and transferred to the working developer. This 
consists of 10 parts A, 1 part B, and 40 parts 
water; it must be made up immediately before 
use, and thrown away afterwards. Develop- 
ment takes about 25-30 minutes at 65°F. 
(I8 4°C.). 

The film is fixed In an acid fixer containing 
at least 30 per cent sodium thiosulphate. This 
may take well over an hour, since the silver 
iodide dissolves very slowly. Washing also 
should take at least an hour. 

A formalin hardener (1 part formalin 
solution to 80 parts water) can be used at any 
stage; the best time is probably between 
development and fixing. 

The film may be milky because of a fine 
deposit of silver (not to be confused with the 
milkiness due to incomplete fixation). This can 
be cleared by a brief immersion in a 0-1 per 
cent potassium bichromate solution containing 
0'2 per cent sulphuric acid. T oo long treatment 
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in this bath will, however, affect the image. The 
same solution, but made 25 times stronger, will 
remove any silver deposit from the tank, etc. 

If the film is found to be under-developed, it 
can be put into a freshly made solution of the 
developer again (even after fixing) and the 
development (wiiich is now pure silver intensi- 
fication) will continue normally. 

Silver solutions stain the skin black so it is 
wise to wear rubber gloves when handling 
physical developers. L.A.M. 

S»c also: Intensification. 

Book: Developing, by C. I. Jacobson (London). 

PHYSICAL REDUCTION. Methods of re- 
ducing the density of the silver deposit forming 
the photographic image by scraping or abrasion. 

See also: Retouching. 

PHYSIOGRAMS. Pattern recorded photo- 
graphically by a point of light attached to a 
swinging pendulum. The pattern possesses 
an unusual and delicate beauty and is capable 
of endless variations. 

Making a Physiogram. This is not as compli- 
cated as the name might suggest. Beyond a 
camera, all that is needed is an electric torch 
without its reflector, and a piece of string to act 
as a pendulum. The physiogram is made by 
photographing the track of the torch bulb on 
the film as it swings on the end of the pendulum 
which is suspended in a darkened room. 

The camera is laid on the floor with the lens 
pointing upwards so that the torch bulb is 
directly over the centre of the lens. A lens cap 
is placed over the lens and the shutter opened 
on a time exposure. The pendulum is set swing- 
ing and when it has steadied itself and the torch 
has stopped wobbling from the momentum of 
the swing, the lens cap is removed and the ex- 
posure is allowed to continue for a period de- 
pending on the effect aimed at. 

Varying methods of suspension give rise to 
different patterns. If the pendulum is made 
with a single siring, the result will be a pattern 
of ever-diminishing circles or ellipses. If a V 
shaped pendulum is used, the pendulum proper 
beginning at the point of the V, about a foot 
from the ceiling, the pendulum will swing in 
two movements, one diagonal to the other. Its 
second movement cuts directly across the first, 
and the third across the second, and so on until 
the pendulum comes to a standstill. The result 
will be either a square or oblong pattern. 

If the pendulum is hung by three strings in- 
stead of two, the arcs of the pendulum will cut 
across each other three times instead of two. 
resulting in another type of physiogram. More 
strings can be added, each extra string adding 
variety to the pattern. 

Another variation in the suspension of the 
pendulum can be made by tying the third string 
from the point of the V to the end of a piece of 
spring steel attached to the ceiling. This causes 
the action of the pendulum to last longer and 
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introduces interesting variations to the swing. 
Other methods of suspension can be developed 
from the methods described. By giving the 
pendulum an oval or a circular swing, it will 
again vary the design of the resulting pattern. 

The results of these patterns do not depend 
on the skill of the photographer. Novices and 
advanced workers have an equal chance. 

With a fast film the aperture should be about 
/ 1 1 . The exact exposure can be calculated after 
several tests. 

Colour Physiograms. When making physio- 
grams in colour, the film should be of the 
artificial light type. The simplest way to pro- 
duce colour is just to use a coloured torch bulb, 
but this docs not take advantage of the range of 
colours of which the film is capable. Two or 
more bulbs of various colours can be suspended 
together to increase the colour range. Alter- 
natively, multiple exposures can be made with 
single bulbs of different colours. 

A greater range of colours can be had by 
using filters over the lens instead of coloured 
bulbs. A selection of filters of equal density can 
be held alternatively over the lens while the 
pendulum is swinging. A good idea is to make 
a graduated colour filter by painting the full 
spectrum with coloured dyes on a circle of 
blank sheet film; the colours must, however, be 
applied evenly. One side of the film is rotated 
over the lens during the exposure. This causes 
the pattern to record in continuously changing 
colours. L.S. 

See also: Abstract photography; Motion study; Tricks and 
effects. 

PIAZZI SMYTH, CHARLES, 1819-1900. 
Astronomer Royal of Scotland. Photographed 
the interior of the Great Pyramid. 

See also: Smyth, Charles Piazzl. 

PICTORIAL HISTORY. The development of 
pictorial photography has progressed along 
definable lines. In the earliest stages they were 
conditioned by technical limitations primarily, 
but later other factors also became significant. 

Sec also: Discovery of photography; Pictorial ism. 

PICTORIALISM. Method of photographic 
representation which aims primarily at aes- 
thetic, emotional and intellectual effects. 
Design and tone rendering in a pictorial 
photograph are considered and controlled 
in such a way as to reinforce or create some 
appeal of their own which may or may not 
be inherent in the subject. Pictorialists are 
less concerned with the subject than with the 
picture it will yield; they use their cameras not 
so much to record whatever is there but to 
stress how they see. Thus pictorialism may be 
defined as a form of self-expression using the 
tool of photography with the object of creating 
images for the sake of enjoying both the pro- 
cess and the product. 
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In popular controversy the term pictorialisin 
is sometimes applied as a misnomer for old- 
fashioned and sentimental conceptions of 
picture making. Some old-fashioned, senti- 
mental photography may be pictarialism but 
not all pictorialism is old-fashioned and senti- 
mental. The description pictorialism is too 
often used arbitrarily; people will never agree 
about it any more than they will about that 
other abstraction, “Art”. 

Past. Pictorialism originated in the late nine- 
teenth century as an attempt to prove that 
photography was a medium capable of pro- 
ducing art. In fact the term seems to have been 
chosen as a modest synonym for artistic photo- 
graphy. In these circumstances it was natural 
for pictorial photography to follow the subjects 
and the styles favoured by recognized forms of 
art as represented in the schools which were 
then most admired. This is why the most fre- 
quently cited pictorial photographs of the 
1890’s and the early 1900’s sometimes resemble 
paintings, drawings and engravings of the im- 
pressionist era. To achieve this resemblance 
and at the same time broaden the limited tone 
rendering which the sensitized materials of their 
day would afford, pictorial photographers 
initiated and made use of a great variety of 
controlled printing processes, some of them so 
ingenious that their products eventually suc- 
ceeded in approximating to the appearance of 
hand-made works of art and left little to reveal 
that they originated in a camera. 

The interests and conventions of the early 
pictorialists remained to some extent pre- 
served through exhibitions and salons which, 
again following the examples of older arts, 
were chosen as the chief media for drawing 
attention to the artistic aspirations of photo- 
graphers. Their inclination to conserve tradi- 
tional standards has been reinforced by an 
increasing isolation from newer trends whose 
exponents looked for alternative outlets to the 
public, e.g., in the growing number of illus- 
trated journals. Thus there are frequent and 
mutual complaints that exhibiting pictorialists 
will only repeat effects that have degenerated 
into cliches and those who have anything new 
to show stubbornly refuse to exhibit. 

Pictorialism, started as a controversial 
gesture, has remained controversial ever since. 
As it deals in intangible and elusive values it is 
always equally easy to attack or defend. In 
addition, its nature and function are often 
misrepresented by those who identify the term 
with ideas handed down by and confined to a 
definite period of photographic history. Yet 
essentially any photography that puts the 
picture first and the subject second — that is any 
photography for the sake of photography — is 
pictorialism, and that includes the most ad- 
vanced trends of modern photography as well. 
Any photograph that neglects or plays down 
the identity of its subject in order to stress 
atmosphere, mood, pattern or viewpoint, 
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stands for pictorialism irrespective of its style, 
period or ideology. 

Present. Most present-day pictorialism favours 
close approach, angled viewpoints, dramatized 
lighting, emphatic tone rendering, simplified 
shapes and a variety of associated appeals: it is 
a blend of the traditions of the exhibition and 
the salon with modem ideas that have seeped 
in from illustrative and commercial photo- 
graphy. But trends like these never last long 
and do not hold the stage by themselves even 
while they last. What was taboo some years 
ago and seems only eccentric to-day may be- 
come popular next year and yet hopelessly old- 
fashioned a little later. As with music, the 
really popular ideas are quickly worked to 
death while the merit of highbrow experiments 
takes a long time to sort out and assess. 

The dominant qualities of pictorial photo- 
graphy have always been technical perfec- 
tionism, deliberate composition and a con- 
scious search for artistic expression. If efforts 
of this kind are to convey an element of 
spontaneity and leave a lasting impression they 
must be based on original vision, suhlie craft- 
manship and sincerity. Lacking creative powers 
of a high enough order, the pictorialist will be 
tempted to repeat ideas, patterns and methods 
originated by others and thus produce cliches. 
But cliches are not confined to any trend. They 
simply become more and more frequent as 
any theme grows older and its scope for varia- 
tion is gradually exhausted. The pictorialist 
of to-day would not dream of trying to express 
anything original in the romantic vein of the 
school acclaimed seventy years ago and exem- 
plified by Henry Peach Robinson. Neither is 
there anything more to add to the atmospheric 
moods conveyed by the rich prints of forty 
years standing produced, for example, by 
Alexander Keighley, although a few pic- 
torialists may continue to copy his style. The 
texture-conscious naturalism of twenty-five 
years ago, represented at its best by Edward 
Weston, is still modern to many and may 
occasionally yield some photographic glimpse 
which is new. What you may seek to pictorial- 
ize with your camera and how you do it very 
much depends upon when you came in to photo- 
graphy, and where. 

Whatever trend he may follow the pictorial- 
ist is restricted by his self-chosen philosophy of 
recognizing the supremacy of manner over 
matter. But although the subject of photo- 
graphy is as endless as the world, its modes of 
expression are confined to specific and narrow 
techniques. Paradoxically pictorial progress 
directly depends on technical progress. 

Scope. Photographic pictorialism being a 
means of self-expression needs to fulfil no 
other function beyond leaving the photo- 
grapher contented with his work — particularly 
if he is an amateur. He is entitled to derive all 
the satisfaction he may be able to gain by using 
his camera to capture his own particular day- 
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dreams irrespective of whether these add up to 
chocolate box prettiness, visions of social 
discord or surrealistic humour. It is also im- 
material whether what he creates is of any 
interest to others besides himself. Approval or 
disapproval are of secondary importance to 
the pictorialist; his work does not depend on a 
public. The extensive and ecstatic vocabulary 
that has been used around pictorial photo- 
graphy is but a social game that gives the 
participants a chance to clothe their personal 
likes and dislikes in more or less profound 
statements. These, however much they may 
analyse the trends of the past or argue about 
the present, settle nothing for the future. A 
glance at any dogmatic assertion on pictorial- 
ism made twenty, thirty or forty years ago is 
enough to show how futile specific rules and 
theories are in this field. Pictorial photography 
remains free for all. 

Photographic pictorialism as a contribution 
to progress, however, is effective only at the 
infrequent stages when from time to time new 
techniques yield novel methods of expression 
that may fertilize other arts or, more generally, 
may be borrowed by other photographers who 
care less about the tool they use and more 
about the things it can be used for. Sometimes, 
and by no means in its worst examples, pic- 
torialism appears as sheer sublimated technique. 
Being so little concerned with subject matter 
and so much with modes of presentation, 
pictorialism is free to play virtuoso exercises 
throughout the whole range of photographic 
expression. 

Pictorialism is photographic art for art’s 
sake; mostly pleasant, sometimes admirable 
but hardly ever the end in itself it imagines 
itself to be. The image will always recall its 
original and any photograph, however success- 
fully pictorial, leaves the onlooker wonder- 
ing, in some measure, just who the person or 
where the place or what the thing is at which 
the lens was looking. No photographic subject 
will ever wholly submerge in photographic 
manner. The traditional pictorialist's affectation 
in suppressing the identity of the subjects 
behind some wistful, poetic or highbrow 
caption only interferes with the appreciation 
of his work and may even irritate the man who 
looks at it. The natural, popular and effectual 
photograph will always be the one that has 
been taken simply to show and to identify 
something or somebody, Pictorialism is a 
forced growth out of the main body of photo- 
graphy; a hot-house plant perhaps, but no less 
delightful for that. Being the product of the 
creative urge it has its own dignity as a 
human document. Even if it should not record 
the realities of its time it still does reflect on 
them by its very evasions. What a man may 
dream about is often more important than 
what he does or says when he is very much 
awake. A.K.-K. 


PICTURE SERIES. Number of pictures built 
around a single narrative or theme. Picture 
series have many forms, from such carefully 
studied and planned sequences as a documen- 
tation of a place to the random, spontaneous 
sequences such as a street riot would provide. 
Only a relatively few specialists have succeeded 
in mastering the artistic as well as the technical 
requirements of the photo-story. 

Requirements. Some training in journalism is 
an asset in this branch of photography. There 
must be a strong and obvious story; each photo- 
graph must convey its own message clearly; 
captions are used only for information that 
cannot be expressed in the picture. The most 
successful picture series is one in which the 
photographs tell the greatest possible propor- 
tion of the story without assistance from the 
text, always providing that the subject has 
interest and the treatment is alive and exciting. 
Construction. The photographer, with the main 
idea for a picture series in mind, collects 
all the relevant facts and looks for the natural 
sequence either in time or action. Then he 
looks for possible “highlight” pictures. These 
are essential to the interest of the series and 
should in fact be good enough to stand alone. 
One of these must be an outstandingly good 
shot which concentrates the whole idea into 
one picture either for use on the magazine 
cover or to dominate the layout of the series. 
Presentation. The photographer must also 
work to produce an interesting page layout, 
and for this reason he should know something 
of magazine make-up. A series is apt to look 
uninteresting if all the shots are taken from the 
same distance and angle. So close-up and long 
shots are combined to add variety. Absolute 
familiarity with the equipment and technical 
routine is essential so that the photographer is 
free to give his attention to the story content. 
And the final series must be more than a mere 
factual record; it must carry the stamp of the 
observer’s personality in its selection of the 
critical instants and in its appreciation of the 
dramatic possibilities of the subject. This 
essential personal quality comes through more 
clearly when the picture shows only the signi- 
ficant thing and leaves out everything else. 
Selection. A picture series is seldom a record of 
a single sequence of events made in six or eight 
consecutive exposures. The action may have to 
be repeated many times before the photo- 
grapher gets all the pictures he wants. He takes 
many more steps in the sequence than he is 
likely to need, and sometimes photographs each 
step from a number of different angles and 
positions. 

Most magazine picture stories of about half a 
dozen pictures are the result of making upwards 
of a hundred separate exposures and selecting 
those which express the idea most clearly, 
and make the most arresting pictures. 
Camera. The range of the equipment governs 
the subjects that can be tackled. A photo- 
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I’rapher who wishes to specialize in this branch 
of photography should be able to command a 
first-class miniature with wide-angle and long- 
focus lenses, at least one lens with an aperture 
of /2 or larger, and a twin lens reflex, the 
iatter being synchronized for bulb and elec- 
tronic (lash. 

In addition, a 5 x 4 ins. or 9 x 12 cm. 
camera for colour is almost essential to any- 
one working for the magazines. 

Lighting. Wherever possible the existing light- 
ing is used so that the subject and its sur- 
roundings will look natural. If the existing 
lighting does not allow for the necessary shutter 
speed and depth of field, then Photoflood 
lighting is commonly used. This is satisfactory 
so long as there is no fast action, and it is the 
most economical form of lighting where a 
large number of exposures has to be made. 
Where the speed of the action or an outdoor 
night scene rules out Photollood lighting, then 
flash must be used. A bulb above and to the 
side of the camera sight line and a fill-in flash 
on the camera give a sufficiently natural effect. 

Electronic flash is probably the most satis- 
factory lighting for very fast action pictures in 
bad light. 

The aim should be, by constant thought and 
practice, to eliminate technical considerations 
as far as possible so that the photographer can 
concentrate solely on his story. M.A. 

See also: Freelance photography; Magazine photography; 
Photo lournalism; Press photography. 

PIGMENT PROCESSES. Methods of making 
positive prints by exploiting the various phy- 
sical changes produced in a bichromated 
colloid by the action of light. Certain organic 
colloids — e.g., albumen, casein, gelatin, gum 
arabic and shellac — and a few cellulose and 
polyvinyl esters, sensitized with a bichromate — 
e.g., of potassium, ammonium or pyridine — 
change their physical character when exposed 
to light. 

Three principal changes may take place in 
the colloid: if previously soluble it may become 
insoluble; it may no longer absorb water and 
swell up; it may lose its surface tackiness. 

The principal processes based on the change 
in solubility of the colloid are Artigue’s process, 
and the carbon, carbro, Fresson, gelatin-sugar 
and gum bichromate processes. Here the broad 
principle is that a pigmented layer of bi- 
chromated colloid is exposed under a negative 
and subsequently developed by washing with 
hot water which dissolves the unexposed 
colloid and leaves a positive image consisting 
of pigment suspended in the exposed and 
insoluble colloid. 

The principal processes based on the swel- 
ling of the colloid are bromoil, oil printing 
and dye imbibition. In these the layer of col- 
loid after exposure under a negative is bathed 
with water so that the unexposed areas swell 
and become water-logged. Greasy ink which is 


then applied with a brush is rejected by the 
swollen areas and accepted by the exposed un- 
swollen colloid to form an image. Various dye 
imbibition processes are based on the per- 
meability of the colloid to an aqueous solu- 
tion. In these, the colloid layer afterexposure is 
bathed in a dye solution which it absorbs in the 
unexposed areas to give a positive-from-posi- 
tive image. 

The principal process based on loss of tacki- 
ness is the dusting-on or powder process. In 
this a bichromated colloid — e.g., gum arabic — 
is exposed and “developed” by being lightly 
brushed over with a finely powdered pigment. 
Where the light has acted, the surface loses its 
tackiness and the pigment does not adhere. 
So an image is formed on the tacky, unexposed 
areas. 

The process gives a positive image from 
a positive transparency. A positive can be 
printed from a negative by coating the colloid 
on a dark support and developing it with a 
light powder. 

Sec also: Control processes; Obsolete printing processes. 

PINACRYPTOL. Used in desensitizers. 

Characteristics: Green (pinacryptol green) 
and yellow (pinacryptol yellow) dye powders. 

Solubility: Slightly soluble in water. Soluble 
in alcohol. 

PINCUSHION DISTORTION. Particular 
kind of optical distortion of the image formed 
by an uncorrected lens. Straight, parallel lines 
at the edge of the field curve towards the lens 
axis being closer at their middle than at the ends. 

Sec also: Aberrations of lenses. 

PINHOLE CAMERA. Photographic camera 
without a lens but instead with a very small, 
sharp-edged hole in an opaque diaphragm. 
Such a hole forms an image at the back of the 
camera, varying in scale and perspective 
according to the distance between the dia- 
phragm and the sensitive surface. If the pin- 
hole is close to the plate it gives a wide-angle 
lens effect; if it is far away it gives a picture 
equivalent to a long-focus lens. 

Image Quality. The quality of the pinhole 
image depends on the size and sharpness of the 
hole. Up to a point, the quality improves as the 
hole is made smaller, but beyond a certain size 
it deteriorates because diffraction becomes 
more pronounced. 

The definition produced by the pinhole 
camera is determined by the size of the image 
patch corresponding to a point object. The 
diameter of the image patch formed by rays of 
light from a point source is given by 
D = d(u + v) 
u 

where D =-= diameter of the image patch, 
d = diameter of the pinhole, 


866 



PL/ 


where u --- distance of the object from the 
pinhole, 

v — distance of the image from the 
pinhole. 

So, if u is large compared with v, even a 
large pinhole will give a reasonably sharp 
image. For instance, a keyhole will give a 
recognizable picture in a darkened room of 
buildings more than one hundred feet away. 

Size of Hole. There is an optimum — though by 
no means critical — size of hole for any parti- 
cular hole-to-plate distance. While a lot of 
theoretical work has been done on this sub- 
ject and many formulae have been published, 
for practical purposes it is sufficient to approxi- 
mate very roughly. A pinhole of about 1/64 
in. diameter is satisfactory for normal photo- 
graphy with separations up to 6 ins., and 
1/100 in. will give reasonable definition for 
copying and photographing small objects on 
a scale of 1 : 1. 

Making the Hole. The pinhole itself is worth 
taking trouble over. It should be a clean, sharp- 
edged hole with as little depth as possible. Here 
is a satisfactory method: 

Take a piece of brass about 1/32 in. thick 
and cut it to form a blank to fit in place of the 
camera lens. Tap a dimple in the centre of the 
blank with a blunt-ended centre punch and 
rub the point of the dimple down with a dead 
smooth file to form a thin place. 

Pierce the thin spot with a sewing needle 
of suitable diameter, working from the hollow 
side of the dimple. Carefully rub off the burr 
with a fine flat carborundum stone and pass 
the needle through the hole again. Rub off 
until the hole is seen to be clean and sharp 
when looked at through a watchmaker’s glass. 
Finally blacken the metal and the pinhole will 
bereadyforuse. 

Exposures. The exposure depends upon the size 
of the pinhole and its distance from the plate — 
in other words, its /-value. And the Rvalue can 
be calculated exactly as for a lens, although it 
will vary for each hole-to-plate distance. A 
1/64 in. pinhole working at 6 ins. from the 
plate, for instance, will have an /'-value of 


Under these conditions, when the light would 
normally call for an exposure of, say, 1/25 at 
/ 11, the exposure time would be 49 seconds. 

As there is no need for accuracy with such 
long exposures, a safe working rule with this 
pinhole and distance would be to reckon at the 
rate of one minute of exposure for every 
1/25 second of exposure at / 8 given by the 
meter. In the same way a sufficiently accurate 
rule of thumb can be worked out for any hole 
and distance by making one representative 
calculation. 

The Photograph. Pinhole photographs have an 
all-over softness of definition which is sub- 
stantially the same for all objects in front of the 


camera. There is no distortion, and the dep:.' 
of field extends from the front of the camera to 
the horizon. Finally the photographer ha- 
absolute freedom to vary the perspective ot hr 
subject and the scale of n:p- eduction o\ 
altering the relative distances of the plat? ;r 
the subject from the pinhole. 

The disadvantages of the pinhole photogrnp' 
are mainly the lack of crisp definition, t. 
length of the exposure, and the alteration > 
the “/-value” with every change of pl.t,*, 
distance. ' ! 

PINHOLES. Clear, small spots in the nee (0 ' 
caused generally by specks of dust on rV 
emulsion surface at the time of exposure. 

Sec also: Faults; Spots. 

PIN-UP. (Slang.) Glamorized photograph of 
motion picture or stage beauty almost alway 
taken in a bathing suit or lingerie. So calleo 
because this type of picture is commonly given 
away in the form of an insert in a popular 
magazine so that it can be pinned up as . 
decoration (usually in the quarters of member's 
of the armed forces overseas). 

PIPER, C. WELBORNE, 1866-1919. English 
photographer. Introduced the bromoil proco 
in 1907 as a result or a suggestion by E. J. Wail 

PIX. (Slang.) Abbreviated phonetic for pictures, 
coined originally — and still mainly employed- 
in America for its convenience in making up 
newspaper headlines. 

PIZZIGHELLI, GIUSEPPE, 1849-1912. Aus 
trian officer and photographic scientist u. 
Italian origin. From 1878-1884 head of the 
photographic department of the Army, Vienna 
Later president of the Societa Fotograir 
Italiana (Italian Photographic Society). Colla 
borated with J. M. Filer, notably in the pro 
duction of silver chloride ammonia emulsion 1 
for development papers, 1880-1; this ante- 
dated Baekeland's commercial introduction o 
Velox paper by 12 years. Improved, with veu 
Hubl, Willis’ Platinotype process and dis 
covered in 1887 the platinum printing-out 
process in which no further development is 
required after printing. 

PLANE. Division of the apparent depth of the 
picture by a change in tone or sharpness of the 
subject. The impression of depth is enhanced 
by the presence of well-defined planes. Most 
pictures need at least two such clearly marked 
planes to divide the foreground, middle dis- 
tance and distance. Fog, mist and haze all help 
to divide the picture into such recognizable 
zones. The photographer can emphasize them 
further by differential focusing, his choice ol 
viewpoint and filters and by subsequent pro- 
cessing and printing techniques. 
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PLANOGRAPHIC PROCESSES. Printing 
processes in which the printing and non- 
printing areas of the block are all at the same 
level. 

See also : Photomechanical reproduction. 

PLANTS. Photography is used extensively by 
naturalists and botanists for recording plant 
growth and characteristics both in the field 
and in the laboratory. 

See also: Biology; Botany; Flowers ; Garden . 

PLATE. Photographic material formed by 
coating a sensitized emulsion on to a sheet of 
glass. Plates are carried in wood or metal 
plate holders fitted with a removable draw slide 
which shields the sensitive surface from the 
light until the plate is to be exposed in the 
camera. 

See also: Negative materials: Supports for emulsions. 
Transparency materials. 

PLATEAU, JOSEPH ANTOINE FERDI- 
NAND, 1801-83. Belgian physicist, specializ- 
ing in optics. Discovered in 1829 the principle 
of the “wheel of life” which he constructed in 
1832 under the name Phenakistiscope : it was 
discovered simultaneously by Stampfer in 
Vienna who called his instrument the Strobo- 
scope. Proposed the use of instantaneous 
photographs (instead of hand drawings of 
motion series) in 1849; this was attempted in 
1851 by Claudet and Duboscq, and later by 
Uchatius, Muybridge, Marey, Demeny and 
others. 

PLATE CAMERA. Camera designed primarily 
to take photographs on coated glass plates. The 
back of a plate camera is equipped to take 
either the plate in its light-tight holder or 
sheath, or a focusing screen. The ground surface 
of the screen and the surface of the plate lie 
in the same plane when they are in position. The 
photographer focuses and arranges the subject 
on the screen and then substitutes the plate in 
its holder. So long as the subject or camera does 
not move in the meantime, the image on the 
plate on exposure will be identical. 

Plate cameras are particularly suitable for 
making single exposures that can be removed 
and processed at once, unlike roll films which 
must be all exposed before any can be seen. 
Plate cameras are generally larger than film 
cameras and tend to be used mostly by pro- 
fessional photographers. 

Although the plate camera is, traditionally, 
an old type of camera, there are many modem 
versions designed for specific purposes. It has 
decided advantages, particularly where great 
accuracy is important. 

Some of the smaller and miniature roll and 
35 mm. cameras can be fitted with plate backs 
to enable them to take single exposures. 

See also: Field camera; Press camera; Technical camera. 


PLATE HOLDER. The sensitized plates used 
in plate cameras are held in readiness for use in 
light-tight containers called plate holders. A 
plate holder is simply a rectangular frame in 
which the plate is kept in place by some form 
of clip or slot. The back of the frame is solid 
and the front is open, but light is normally pre- 
vented from reaching the plate by an opaque 
dark slide. The slide can be withdrawn when 
the holder is in position on the camera. 

The plate holder is designed to fit on the back 
of the camera in place of the focusing screen 
so that the sensitized surface lies at the same 
distance from the lens as the ground glass sur- 
face of the focusing screen. 

There are various ways of attaching the 
plate holder to the back of the camera. The 
simplest — and worst — method is for the back of 
the camera to be grooved to allow either the 
focusing screen or a plate holder to be slid 
into place. With this method there is always a 
risk that the camera will be moved out of 
adjustment while withdrawing the focusing 
screen or inserting the plate holder. There is 
much less risk of movement when the plate 
holder is designed to clip into position with 
only a limited sliding action or none at all. 

Plate holders are made in single and double 
f orm and in either metal or wood. 

Single Holders. Single metal holders take up 
very little space, but they are easily damaged. 
This type is supplied mainly with hand cameras 
and in formats no larger than quarter plate. 
The draw slide of the single metal holder is a 
metal plate which is so thin that it can be 
removed completely to make the exposure 
without allowing light to leak past the velvet 
light trap. 

Plates are kept in position in the single metal 
type of holder by a leaf spring along the bottom 
groove which presses the plate upwards so 
that the top edge lodges under a pair of metal 
lugs. To load or unload a plate, it is simply 
pressed down against the spring pressure until 
the top edge clears the lugs after which it can 
be inserted or removed at once. 

Double Book Form Holders. This type of holder 
is almost always made of wood and is popular 
with professional workers, particularly for 
formats of half-plate and larger. The holder 
in this case is really two plate holders assembled 
back to back, hinged together at the bottom 
and held closed by one or more clips along the 
edges. Each side of the holder consists of a 
wooden draw slide and a thin wooden frame 
with its inner edges rebated to take the plate. A 
blackened sheet metal separator is held in 
place by tabs on one side. The separator carries 
a leaf spring that presses the plates firmly into 
their frames so that all parts of the plate being 
exposed are in the focal plane of the lens. 

A wooden draw slide for this type of holder 
has to be about 1/16 in. thick, and if it were 
completely withdrawn with the holder in place 
on the back of the camera, the slit left would 
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be too wide for the velvet light trap to close. 
So the slide is prevented from coming right out 
by a stop. As it is inconvenient to have a slide 
sticking out from the camera during the expo- 
sure, slides of this type — particularly the larger 
sizes — usually have a flexible section at the 
bottom which allows the slide to be folded out 
of harm’s way against the back of the camera. 
The flexible section consists of strips of wood 
glued on each side of a width of opaque fabric. 
Loading. To load a double book form plate 
holder, the clips are released and the holder is 
opened, book fashion. The clips holding the 
separator are released and a plate is placed in 
the frame on the same side, emulsion down. The 
separator is clipped down over the back of the 
plate. 

A second plate is now placed emulsion down 
in the frame on the other half of the holder. The 
first half of the holder, with its plate secured by 
the separator, is then closed down on the plate 
lying in the open frame, and the two halves are 
fastened together with the side clips. The holder 
is now loaded ready for use. 

Another widely used type of double dark 
slide has a cover that fits along the bottom 
edge of the holder. When this cover is removed 
the plates can be slipped into position behind 
the dark slides. 

Single metal plate holders are loaded by 
pulling out the draw slide, pulling back the 
spring at the top edge, dropping in the plate 
(emulsion side up) and releasing thespringso as 
to hold the plate in place. 

Plate Identification. Plate holders are usually 
numbered serially so that the photographer 
can keep a running record of the exposed plates. 
A white ivorine panel is sometimes inlaid on 
wooden slide holders so that brief memoranda 
may be written on in pencil and wiped off when 
the plate is changed. Metal plate holders 
usually have the number embossed on the top 
of the draw slide. 

Safety to Actinic Light. Plate holders are 
normally kept away from the light as much as 
possible and are usually wrapped in the focus- 
ing cloth when not either in their carrying case 
or on the camera. Although they are safe to a 



PLATE HOLDERS. Top: Single plat holder. Bottom: Double 
plate holder. A, dark slide. B, plate in groove. C, pressure 
spring. E, hinge; opens for loading. 


certain amount of light, there is always a risk 
of some light leaking through the light trap or 
being reflected around the edge of a loosely 
fitting draw slide. 

Metal draw slides are safe against most kinds 
of radiation (except X-rays) but wooden, 
plastic, and xylonite slides are more or less 
transparent to infra-red light. For this reason, 
infra-red sensitized plates must be used only 
in all-metal holders. There is even some risk 
from the deep red rays in sunlight if panchro- 
matic plates are left lying about in the open sun 
in wooden or plastic holders. 

Cleanliness. As far as possible, plate holders 
should be kept away from dust; this traditional 
source of trouble is always easier to keep out 
than get out. If the case they are carried in is 
regularly brushed out and occasionally blown 
out, and the holders are wrapped in a clean 
cloth or a square of soft plastic when they are 
out of the case, they should come to no harm. 
At the same time, every time the plate holders 
are unloaded, they should be blown or brushed 
out with the dark slides withdrawn. The special 
miniature hand blowers sold f or cleaning 
cameras are useful for this job because they 
can be used to blow a jet of air right into thc 
grooves and crevices of the holder. 

The velvet along the edges of the light trap 
should be brushed up and the blower used to 
drive any dust particles out of the pile. 

The usual routine of laying out the open 
holders on the darkroom bench and then open- 
ing the box of plates is asking for trouble. There 
is always a risk of dust scattering from the out- 
side of the box and all the time the holders are 
open they catch whatever settles out of the air. 
It is much sounder practice to open the plate 
box and then load each holder individually, 
keeping a sheet of black paper over the open 
box. 

All these precautions take extra time, but 
nothing like as much as is wasted in spotting 
the negative and retouching the print because 
dust was present during exposure. F.P. 

See also: Film transport; Mackemie-VVishart envelopes- 

PLATE MARKING. Area embossed on a 
print or its mount. It imitates the depression 
of the picture below the border level produced 
by the pressure of the engraved or etched plate 
in certain types of art reproduction. 

See also: Embossing prints. 

PLATE RACK. Wooden rack used to hold 
plates on edge while drying, and to permit 
complete drainage and free access of air from 
all sides. 

PLATENOTYPE. Obsolete contact printing 
process in which the image was formed of 
platinum. Due to the high cost of platinum it 
was succeeded by the palladiotype, which used 
palladium in place of platinum. 

See also: Obsolete printing processes. 
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’ \ TINl'M CHLORIDE. Platinic chloride; 
)ii:unt pcrchloridc. Used in certain toners 
.■■’■•.i sensitizers. 

Formula and molecular weigh;: PtCI 4 .5H 2 0; 

* ■> n 

t iniracterislics: Red crystals giving a yellow 

.1 :nn. 

Solubility: Highly soluble in water. 

AYERTYPL. Direct copy of a iine original 
.isle by a now obsolete process invented in 
S .vl by J Hart Player. 

■five original is placed face upwards under a 
m: ini; light, and a sheet of sensitized paper 
winced over it and exposed in contact with it, 
vision side down. A negative image is pro- 
. ,rd on be'cn-pini; the sensitized paper and 
.1 is used ;;iso any number of positive 
mms by nciiuai contact printing. This process 
now used for copying documents. 

See also: Document photography. 

i’OINT SOURCE LAMP. Special type of arc 
lamp. In it the arc is struck between tungsten 
beads sealed into a glass envelope from which 
the air has been extracted. A small quantity of 
mercury in the bulb is heated when the lamp is 
> witched on and forms a conducting vapour 
which carries the arc current. The arc heats up 
me tungsten until it becomes incandescent and 
emits a light similar in colour to a tungsten 
iiLinicnt lamp but from a highly concentrated 
«ource. 

Point source fe.g., Pointolite) lamps are used 
projectors, spotlights, and enlargers. The 
apparatus must incorporate a resistor or trans- 



POINT SOUKCE LAMP. An arc is struck (either by means of a 
heated filament, or by a high-voltage t>ulse) between two beads 
of tungsten in on atmosphere of mercury vapour. The bulk of 
the light emanates from the positive electrode, while the 
mercury contributes little to the co/our of the light. As this 
is produced by incandescent tungsten, it resembles that of a 
filament lamp m colour. The lam'-.s are made in rating: from 
30 to 1.000 candle powers f-.r D.C. operofion, and in a more 
limited range for A.C. use The voltage drop across the elec- 
trodes is only about 1 Cl vo/ts; the optical efficiency due to its 
near-point source is thus complemented by a high electrical 
efficiency obtained through the high current density. 

former to provide for a 10 volt supply to the 
arc. 

The efficiency and power of this type of arc 
can be greatly increased by raising the vapour 
pressure and operating it at a higher current. 
The light source is similar to Photofloods in 
application. 

There are various other types of concen- 
trated arc lamps in which metallic electrodes 
are used instead of carbons — e.g., the zirconium 
concentrated arc in which the light is emitted 
by a thin film of molten zirconium. The out- 
standing characteristic of the zirconium lamp 
is the very small source from as little as 0-003 
in. (0 085 mm.) for the 2 watt size to 0 059 
in. (1 -5 mm.) for the 100 watt size. 


POISONS 


Various chemicals used in photography 
special care in bundling owing to their 
i isonous nature. The sals of some of these is 
• tvcmed by law. Substances controlled by the 
i.irmacy and Poisons Act, 1933, are set out 
a the Poisons List and are the only poisons for 
purpose of the Act. There are other sub- 
lances used in photographic processes which 
.re either nauseous or which have some ele- 
ment of danger, but which are not officially 
classed as poisons. 

Until 1851 there was no effective legislative 
.ontrol over the sale of poisons in Great 
Hritain, and statistics showed an increasing 
lumber of deaths from poisoning, in 1S65 a 
-elect committee reported that there was need 
•or a bill to provide that only registered persons 
liould sell certain poisons and it was from this 
icginning that the Pharmacy and Poisons Act, 
'933, evolved. 

.'utegories of Poisons. The Poison List is 
livided into two parts: 

Part I — sold only by chemists (authorized 
idler of poisons). 


Part II — sold by authorized seller of poisons 
and listed sellers of poisons (this list is kept by 
the local authority). 

Poisons are also grouped into schedules, 
each schedule having specific regulations which 
are governed by the rules of the Act, but which 
do not cover photographic use. except in so far 
as they are referred to below. The first schedule 
covers the most dangerous poisons in the 
Poison List. 

Under the Act, local authorities must keep a 
list of persons allowed to sell Part II poisons 
including particulars of the premises, and these 
people are known as listed sellers of Part II 
poisons. The form of application to become a 
listed seller can be obtained from the local 
authority and the fee payable is 7s. 6d. for the 
first year and 5s. per annum subsequently. 

Poisons in Part I of the list and those sub- 
stances containing Part II poisons in the first 
schedule of the rules can only be sold on 
registered premises and by or under the super- 
vision of a qualified pharmacist. Other poisons 
in Part II may be sold by listed sellers. 




Part II poisons which are included in the first 
schedule of the rules may be sold by listed 
sellers only in the form specified against each 
in the fif th schedule. 

The following three groups of photographic 
chemicals show the position of the photo- 
graphic dealer in regard to the selling of 
chemicals under the regulations. 

Group I. Poisons which may be sold by the 
photographic dealer when he has become a 
;;stcd seller of poisons, are: 

Ammonia (liquid). 

Hydrochloric acid. 

Nitric acid. 

Sulphuric acid. 

Potassium quadroxalate (Salts of Sorrel, 

Salts of Lemon). 

The following may only be sold ir. the closed 
containers in which they arc received by the 
dealer: 

Hydrofluoric acid. 

Formaldehyde. 

Potassium hydroxide (Pot. caustic). 

Packed toners containing metallic oxalates. 

Sodium hydroxide (soda caustic). 

Group II. Chemicals and solutions which 
can be sold by the photographic dealer without 
his becoming a listed seller are : 

Ammonium oxalate. 

Ammonium sulphocyanide. 

Paraphenylenediamine and its salts for 
photographic purposes. 


POI 

Potassium ferricyanide (red prussiate of 
potash). 

Solutions of ammonia containing less than 
5 per cent weight in weight (w/w) of ammonia 
(NH 3 ). 

Solutions of formaldehyde containing less 
than 5 per cent w/w formaldehyde. (Photo- 
graphic glazing and hardening solutions con- 
taining formaldehyde have been specially 
exempted from the provisions of the Act.) 

Solutions of hydrochloric acid containing 
less than 9 per cent w/w of hydrogen chloride 
(HC1). 

Solutions of nitric acid containing less than 
9 percent w/w nitric acid (HNO,). 

Solutions of potassium hydroxide or sodium 
hydroxide containing less than 12 per cent 
of potassium or sodium hydroxide respectively. 
(These cover concentrated developers of the 
paraminophenol and contrast type.) 

Solutions of sulphuric acid containing less 
than 9 per cent w/w of sulphuric acid (H,SO,). 

Group III. Poisons which the photographic 
dealer cannot sell unless he is a registered 
pharmacist (i.e., authorised seller), include: 

Barium sulphide. 

Cyanides. 

Ferrous oxalate developer. 

Hydrocyanic acid. 

Lead acetate and nitrate 

Mercuric chloride (mercury bichloride, 
corrosive sublimate.) 


POISONS AND ANTIDOTES 


Types of Poison 

Description 

Symptoms of Poisoning 

Antidotes 

Alkalis 

Potassium hydroxide 
(Pot. caustic) 

Sodium hydroxide 
(Soda caustic) 

Liq. ammonia 

Swelling oftongue and mouth 

0 6 per cent solution of glacial 
acecic acid in wacer (dilute 
vinegar will do in an emergen. cy) 

'Iodine 


Tightness about the throat 

Ample emetic, plenty of arrow- 
root 

Lead acetate and nitrate 


Constriction in the throat and 
pit cf stomach and stiffness 
in abdomen 

Sodium sulphate or Epsom 
salts, emetic of iincaulphate 

Mercuric chloride 


Acrid metallic taste, con- 
striction and burning in throat 
and stomach. Nausea and 
vomiting 

White and yolk of raw eggs 
mixed with milk. In emergency 
ordinary flour paste may be 
used 

Mineral acids 

Hydrochloric, nitric. 

Corrosion of windpipe and 

Sodium bicarbonate or megne- 


sulphuric 

violent inflammation 

sium carbonate, or chalk, even 
the plaster of the room beaten 
in weter 

•Potassium bichromate 


Irritant pain in stomach 

Emetics and magnesia or chalk 

Potassium cyanide 


Insensibility, slow gasping res- 
piration, dilated pupils, spas- 
modic closure of the jaws 

No certain remedy, try mixture 
in water of equal parts of 
ferrous sulphate and sodium 
carbonate. Hot and cold douches 

Potassium oxalate and oxalic 


Hot burning sensation in 

Chalk, whiting or magnesia 

acid 


throat and stomach, vomiting, 
cramps and numbness 

suspended in water. Plaster or 
mortar may be used in emer- 
gency 

•Pyrogallic acid 


Violent vomiting, collapse, 
fall in temperature 

Emetic, plenty of air or oxygen, 
hot water on hands and feet 


•These three substances are not poisons within the meaning of the Act. but are usually included in lists such as this where 
antidotes are given. 
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Mercuric iodide. 

Oxalic acid. 

Potassium oxalate. 

Schlippe’s Salts (sodium sulphoantimoniate). 
Buying Poisons. Poisons of Groups I and II 
can be bought and sold over the counter in 
the normal way. Special requirements apply 
to substances in the first schedule (which 
includes the Group III poisons listed above). 

A substance in the first schedule can only be 
sold to a purchaser who is known by the seller 
(or by a pharmacist in the employ of the seller) 
to be a person to whom that particular poison 
may properly be sold. A person who wishes to 
buy a substance in the first schedule from a 
chemist, and who is not known to the chemist, 
may be supplied if he presents an appropriate 
certificate. This must be signed by a house- 
holder who is known to the chemist to be a 
“responsible person of good character”. If the 
purchaser cannot obtain a certificate from a 
householder known to the chemist, he can 
obtain one from another householder and get 
the police of the district to endorse the certi- 
ficate that the householder is known to the 
police to be a responsible person of good 
character. 

When a person requires a substance in the 
first schedule for other purposes than his trade 
or business, he must also be known to the 
seller or be certified in the manner described. 
In addition, he must, before the poison is 
delivered, affix hi;; signature to an entry made 
by the seller in the Poison Register. 

If a purchaser requires a substance in the first 
schedule for the purpose of his trade, business 
or profession only, he may be supplied subject 
to the following conditions: 

(1) The seller must receive before the sale an 
order in writing giving the name and address 
and trade, business or profession of the pur- 
chaser; the name and quantity of the article 
and the purpose for which it is required. 

(2) The order must be signed by the pur- 
chaser, and the seller must be reasonably satis- 
fied that the signature is his and that he carries 
on the trade, business or profession stated, 
which is one in which the poison is used. 

(3) If the article is sent by post, it must be 
registered. 

(4) The order must be kept by the supplier 
and numbered, the parliculars must be entered 
in the Poisons Register and in the last column, 
the words "signed order” must be written, 
together with the number of the order. 

The provisions of the Act and rules relating 
to the labelling of poisons apply with limited 
exceptions to all transactions involving sub- 
stances containing poisons. 

Labelling. The label of a poison or of a sub- 
stance containing a poison must bear the 
following particulars: 

(1) The name of the poison: if the poison is 
named in the Poisons List, the name in the 
list must be given. If the poison is described in 
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the list by a group name and is not itself 
named, the name used must be the name or 
synonym or abbreviated name used to describe 
the poison in The British Pharmacopoeia or in 
the British Pharmaceutical Codex , or in any 
supplement to either, followed by B.P. or 
B.P.C. If the poison is described in neither of 
these bonks, the accepted scientific name or 
name descriptive of the true nature and origin 
of the poison must be used. If the poison is 
contained in a preparation in the Pharmacopoeia 
or in the formulary of the Codex , the name, 
synonym or abbreviated name of the prepara- 
tion followed by the letters B.P. or B.P.C. may 
be given instead of the name of the poison. 

(2) The proportion of the poison to the other 
ingredients: if the substance containing the 
poison is a preparation of the Pharmacopoeia 
or of the Codex , the proportion of the poison 
need not be stated if the preparation is named 
by reference to its Pharmacopoeia or Codex 
name. The proportion of the poison present in 
other substances may be stated in any con- 
venient manner. If it is stated as a percentage, 
there must be an indication whether the per- 
centage is calculated on a basis of weight-in- 
weighl (w/w), weight-in-volume (w/v), volumc- 
in-volume (v/v), or volume-in-weight (v/w). 
Where a substance contains among its ingre- 
dients a preparation of the Pharmacopoeia or 
of the Codex which contains a poison, it is not 
necessary to state on the label the proportion 
of the poison to the other ingredients if the 
proportion of the preparation is declared. 

(3) The word “poison” or the prescribed in- 
dication of character: poisons and substances 
containing poisons must be labelled with the 
word “poison” or with the other prescribed 
indication of character. It is permissible to 
label substances not in the Poisons List with 
the word “poison” but it is undesirable that 
such a practice be freely adopted. 

Substances included in the first schedule 
must be labelled with the word “poison” or 
other prescribed indication of character either 
in red letters or set against a red background. 
The words must be either on a separate label 
or surrounded by a line. Within this line there 
must be no other words except those words 
(name of poison, proportion of poison, and 
name and address of seller, or the words 
“Not to be taken” or “For external use only”) 
with which the container of the poison is 
required by the rules to be labelled. 

(4) The name of the seller and the address of 
the premises: the container of a poison must be 
labelled with the name of the seller and the 
address of the premises on which it was sold. 
To this general rule there are two exceptions in 
favour of wholesale distributors. 

Firstly, when an article is sold by a whole- 
saler for the purpose of being sold again in the 
same container (i.e., when it is sold to a re- 
tailer) it is not necessary for the wholesaler’s 
name and address to appear on the label. 
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Secondly, when a poison is supplied from a 
warehouse or depot it is not necessary to state 
the address of the warehouse or depot. The 
container may be labelled with the address of 
the supplier’s principal place of business, or 
with the address of the registered office of a 
company if the supplier is incorporated. When 
such a poison is subsequently retailed to the 
public it must be labelled with the address of 
the premises on which it was sold. 

The Isle of Man and the Channel Islands 
are included in Great Britain and poisons sup- 
plied to these places are, therefore, not exported. 
They are labelled in accordance with the 
Poisons and Pharmacy Act of Great Britain. 


Containers. All containers of poisons must be 
impervious to the poison and be sufficiently 
stout to prevent breakage from handling and 
transport. Glass bottles containing liquids 
which are not human medicines to be taken 
internally must be fluted vertically with ridges 
or grooves recognizable by touch. This does 
not apply to bottles of a greater capacity than 
120 fluid ounces. There is no rule as to the 
colour of bottles. 

Poisons in the U.S.A. There are no existing 
regulations governing the sale or storage of 
poisons used in photography, and they can be 
obtained from chemists without the need for 
any permit. R.L.T. & J.Br. 


POITEVIN, ALPHONSE LOUIS, 1819-82. 
French engineer, chemist and photographer. 
Made numerous investigations on galvano- 
graphy (1847), engraving of daguerreotypes, 
photography with iron salts, photo-lithography, 
photo-ceramics, the reaction of chromates with 
organic substances (e.g., glue). He laid the 
foundations of both collotype (1 855) and pig- 
ment printing (carbon printing). Also pro- 
duced direct photolithographs in half-tone on 
grained stone coated with chromated albumen. 
Biography by R. Colson (Paris 1 898). 

POLAND. There have been photographic en- 
thusiasts in Poland since the introduction of the 
daguerreotype, and today photography has a 
wide and active following throughout the 
nation. 

History. Jedrzej Radwanski, a Polish physicist 
and chemist, is said to have been the first 
amateur in Poland to take a daguerreotype 
photograph (1839). The first professional was 
Moritz Scholz (1842), a German, connected 
with Volmer’s plated-ware factory in Warsaw. 
It is interesting to note that J. Fraget, another 
plated-ware manufacturer, also took orders 
for daguerreotypes in 1839. 

In 1845, Karol Beyer opened the first pro- 
fessional photographic studio. His work in- 
cluded daguerreotype photography, photo- 
graphy on china, archaeological photography, 
numismatic and ethnographic photography, 
lithography, and later photolithography. 

The inventors of certain photographic 
techniques at this period were Poles, though 
their nationality is not generally known as 
having been Polish. O. Anschutz, for instance, 
a pioneer in the photography of movement, was 
a Pole from Leszno (originally Anszyc). War- 
nerke, a pioneer in the use of materials sensi- 
tive to light, was also a Pole, originally called 
Wladyslaw Malachowski. 

Many technical improvements were made by 
Polish photographers in the last decades of the 
nineteenth century and the first of the twentieth. 
Proszynski anticipated some of the achieve- 


ments of the Lumi£re brothers in cinemato- 
graphy. He also produced the first mechanically 
operated film camera and a three-blade shutter 
for film projectors which cut out flicker. 

Szczepanik was another inventor who worked 
on colour photography, using three filters and 
simultaneous three-fold projection. He used 
a film embossed with lenticular ridges in colour 
photography (a system later adopted in the 
Kodacolor method). 

Industry. The Polish photographic industry 
began to develop at the end of the last century. 
In 1888 Piotr Lebiedzinski opened a photo- 
graphic paper factory in Warsaw; he produced 
the Bromograviura paper which gave pictures 
with a glossy surface in the light places and 
matt in the dark. He devised various appli- 
cations of photography to industry, including a 
photographic method of checking distortions in 
railway tracks which was widely used in some 
countries for many years. 

After the first World War a number of fac- 
tories in Poland began producing photo- 
graphic equipment: the Foton factory, Ero, 
Stafra, etc., and one in Bydgoszcz which is 
still working today. The Fos factory in Warsaw 
at that time produced very good quality lenses. 

It is worth noting that Marie Curie-Sklodow- 
ska published one of her first articles on her 
discovery of polon in the photographic monthly 
Swiallo (Light) in 1898. 

Artistic Aspects. The beginnings of photo- 
graphy as an art can be traced in Poland to the 
year 1891, when a group of enthusiasts f ounded 
the Klub MiloSnikbw Fotograficznych (Club 
of Photographic Amateurs). A year later the 
Towarzystwo Fotografikbw MiloSnikbw 
(Society of Amateur Photographers) was 
founded in Cracow. These organizations at 
first embraced only people of means, who 
treated photography purely as a hobby and 
never realized its wider potentialities. 

The first Polish journal devoted to the pro- 
blems of photography appeared in 1898 and 
was called Swiatlo (Light). It was followed by 
Fotograf Warszawski edited by Karolyi, 
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Kalendarz Warszawskl edited by Uminski, and 
by Miesiecznik Fotograficzny edited by Huber, 
Mikolasch and Switkowski. 

At this time there were a number of genuine 
enthusiasts who believed that amateur photo- 
graphy offered the true basis for the creation 
of a photographic art. Even so, after World 
War I, when cameras became cheap enough to 
be owned by the man in the street, most people 
were mere snapshooters and all attempts to 
raise photography to a higher artistic level by 
publications or club activities failed for lack of 
support. 

Only a few amateur clubs treated photo- 
graphy as an art. These clubs were of two types. 
There was the Stowarzyszcnie Foto-Amatur6w 
(Photographers’ Association), which accepted 
any amateur, and the Foto-K.lub (Photo Club), 
which accepted as members only photographers 
with artistic achievements to their credit. 

Jan Bulhak has been the greatest personality 
in the history of Polish pictorial photography 
so far. He was the founder of the pre-war 
Polish Photo-Club, for amateurs specializing 
in pictorial photography. In the post-war 
Poland he was one of the founders and the first 
president of the Zwiazek Polskich Artystdw 
Fotografikbw (Union of Polish Photographic 
Artists). His death in 1950 was a great blow to 
Polish photographic art. 

Polish pictorial photography of the inter- 
war period was characterized by a formalistic 
search after pure lens effects, theatrical com- 
positions, blind addiction to specialized tech- 
niques, and a general tendency to make photo- 
graphs resemble paintings in form and texture. 

But a few artists refused to submit to the 
generally accepted standards of the period and 
sought to depict the beauty of the homeland. 
Others developed the artistic portrait, a por- 
trait with psychological meaning. 

The war destroyed practically all the achieve- 
ments of Polish photography but as soon as the 
war was over the social and political emanci- 
pation of the Polish people brought about the 
emancipation of photography. It now became 
established as one of the graphic arts. 

The whole photographic life in the country 
has since the war been rebuilt on a completely 
different basis from that existing before 
September, 1939. Instead of depending on 
exclusive clubs, it is based on a mass move- 
ment; it receives the full support of the State; 
and instead of suffering from organizational 
anarchy, it is now based on a mass organiza- 
tion of amateurs and on a less numerous group 
of creative artists. The State gives photography 
every encouragement and treats it as another 
branch of the graphic arts. The artist-photo- 
grapher has become the equal of the painter 
and sculptor. 

Organization. The Zwiazek Polskich Artystbw 
Fotografikbw (Union of Polish Photographic 
Artists) was established in 1946. It is organized 
on the same lines as the unions of writers, 


sculptors and composers and is the first trade 
union in the world to have been founded by 
photographic artists. It represents Polish 
photographic art. The union can be joined 
by any amateur or professional who can pro- 
duce proof of artistic mastery to the satis- 
faction of the Union’s Arts Commission. 

The artists belonging to this union, apart 
from co-operating in such collective under- 
takings as exhibitions, also collaborate with 
publishing houses, undertake commissions for 
economic, historical, cultural and other exhibi- 
tions, and take an active part in the social 
activities of the new Poland. 

They pursue their art in full understanding of 
its wider implications as a mirror of the period 
through which their country is passing. Man, 
his life, work and leisure, the rising new cities 
and towns, the beauty of their country, its 
flora and fauna, its historical treasures — all 
serve as sub jects for their art. 

Amateur photographic activities are organ- 
ized in the Polskie Towarzystwo Fotograficzne 
(Polish Photographic Association), which 
works in close collaboration with the network 
of reading-rooms, clubs and other cultural 
centres run by the trade unions. It has a 
membership of several thousand. 

In the people’s Poland photography has 
become another factor in the general cam- 
paign aimed at raising and widening the 
artistic interests of the working people, and 
as such it receives the full support and en- 
couragement of the State. There has also been 
a fundamental change in the social function of 
pictorial photography, which has resulted 
in a transformation of its forms. Artists are 
no longer preoccupied with the picturesque 
or purely formalistic; they deal with actual 
problems of a social and political significance. 

The people’s State is an important customer. 
Disposing of vast propaganda and information 
services, and running publishing houses and 
printing enterprises, it is always on the lookout 
for photographs faithfully illustrating the extent 
of Poland’s transformation. The State pur- 
chases photographs from exhibitions and en- 
courages artists by offering awards at the 
annual competitions organized by the trade 
unions. Thus there exists in Poland a constant 
and ever-growing market for the works of 
artist-photographers. 

Exhibitions. The State gives special encourage- 
ment to exhibitions of pictorial photography. 
The result has been a lively and optimistic 
development of this art. 

There is an annual All-Polish Photographic 
Art Exhibition organized by the Zwiazek 
Polskich Artystow Fotografikbw and an annual 
All-Polish Amateur Photography Exhibition 
organized by the Polskie Towarzystwo Foto- 
graficzne. Regional exhibitions are also held in 
eight provincial centres. These are organized 
by both associations as eliminating heats for 
the main annual events. 
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The interest of the public at large in photo- 
graphic art is shown by the number of visitors 
to the All-Polish Art Exhibition in Warsaw. 
Although it never lasts longer than eight weeks, 
it is on the average visited by some 40,000 
people. 

In 1955 Polish photographic artists sent 
twelve exhibitions to Western Europe, one 
mobile exhibition to the United States, four 
exhibitions to the Peoples’ Democracies, one 
to the Soviet Union and one to the Chinese 
People’s Republic — altogether hundreds of 
examples of Polish photographic art repre- 
senting the achievements of the previous 
decade. A. Jo. 

POLAR CURVE. Graphic method of record- 
ing the distribution and intensity of light 
emitted from a source. Points of equal light 
intensity are plotted along lines radiating from 
the source over the angle including the emitted 
rays. When these points are joined up, the 
result is a polar curve. 

Thus, polar curves of a lamp in different 
types of reflector show at a glance the way in 
which the light is distributed over the scene in 
front and indicate the distances from the lamp 
in all directions where the light intensity — and 
hence the required exposure— are the same. 

Illuminating engineers use polar curves of 
lamps and fittings when they have to ensure a 
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POLAR CURVE. This shows in the form of a graph the light 
distribution at different ongles to the axis of the lamp unit. A 
bare lamp emits the light evenly all round ; its polar curve 
would thus be a complete circle centred around the pole. Here 
the solid curve represents the highly directional light af a 
grid filament spotlight, the dotted curve a ring filament spot. 


minimum level of illumination over a given 
area — e.g., in a schoolroom or a factory machine 
shop. 

POLARIZED LIGHT. Ordinary light can be 
regarded as travelling in waves that vibrate in 
all directions at right angles to the direction 
along which the light is travelling. Certain 
crystals will only allow electro-magnetic waves 
to pass through them if they are vibrating in one 
particular plane. So any light that passes 
through the crystal emerges vibrating in the 
one plane along which the crystal is transparent. 
Light which thus has its vibration restricted to a 
single plane is said to be plane polarized. 

It is also a fact that most surfaces, in reflect- 
ing light, will polarize it to some extent. Glass, 
for instance, will partially polarize light; in fact, 
it will effectively polarize all light rays at 
about 56° to the normal to the surface. 

Some organic materials, treated by stretching 
and orienting the molecular structure, will also 
polarize light. These materials can be made into 
films for use in filters over camera lenses. 
Filters. Polarizing filters will reduce the bright- 
ness of reflections from polished or glossy 
surfaces providing the angle of reflection is 
between, say, 70° and 40° to the normal. 
Much has been written about the usefulness of 
polarizing filters but it must be said in all fair- 
ness that natural conditions very often render 
such a filter of little value. Under suitable 
circumstances however, polarizing filters are 
useful when photographing shop windows 
through the glass front, copying pictures be- 
hind glass, photography of polished furniture 
(where the reflected glass tends to hide the grain 
of the wood) and similar purposes. 

Polarizing filters can be used to darken the 
blue north sky the light from which is to a large 
extent polarized and they are, in fact, the only 
filters that can be used with colour films with- 
out affecting the reproduction of other colours. 
Photographic Applications. Polarized light is 
used in a variety of scientific fields to show up 
and photograph phenomena which would not 
be visible by normal light. 

The technique is the same in most cases. The 
object to be examined or photographed is 
placed between two crossed polarizing filters. 
Normally these would stop all the light from 
coming through. If, however, the object affects 
the polarization of light — by rotating the plane 
of polarization, by depolarizing the light, or by 
turning it from plane to circularly polarized 
(i.e., where the plane of polarization is not flat 
but twisted like a spiral staircase)— it will be- 
come visible from behind the filters. 

In photo-elastic stress analysis, scale models 
in glass or transparent plastic of structural 
engineering units such as girders, etc., are 
subjected to stress and photographed between 
two crossed polarizers. Under these conditions 
the most stressed sections have the strongest 
effect on the polarization, and an exact stress 
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POLARIZED LIGHT. Top left: Normally light waves vibrate in 
a large number of planes about the axis of the light beam. 
Top centre and right. If the waves vibrate in one plane only, 
the light is plane polarized; e.g., as after passing through a 
polarizing filter. Centre to bottom: The action of a polarizing 
filter is analogous to that of a picket fence on a vibrating rope. 

distribution can be seen in the picture. Owing 
to interference the stress patterns also show 
light and dark fringes, the direction of which 
indicates the direction of the maximum stresses. 

In photomicrography polarized light helps 
to identify certain compounds which rotate 
the plane of polarization. Where crystals are 
photographed, the structures will show com- 
plicated colour patterns which may have a 
pictorial as well as a scientific value — especially 
if taken on colour film. 

A rather different application of polarized 
light is the Kerr-cell shutter used in high speed 



m 



r/M 


z 

v/x 



X//\ 

T 





POLARIZING FILTER. The polarizing filter absorbs all light 
which does not vibrate in its own plane of polarization. As 
the filter is rotated across a beam of polarized light, the inten- 
sity of the beam is progressively reduced as the component 
vibration in the plane of the filter gets less. With its plane of 
polarization at right angles, the filter cuts out all light. 

photography. This relies on changes in polariz- 
ing properties of liquids in a high voltage 
electric field. R.B.M. 


POLARIZING FILTER. Special type of filter 
used in front of the camera lens to cut out 
unwanted reflections. The filter will only 
transmit light polarized in a particular plane 
so that it can be rotated to hold back any light 
rays that have been polarized by reflection 
from a polished surface — e g., a shop window. 

See also : Polarized light. 


POLAR PHOTOGRAPHY 


Low temperatures offer special photographic 
problems, both in the manipulation of appara- 
tus and in taking technique. A distinction is, 
however, necessary between cold weather con- 
ditions prevailing in the winter in temperate 
climates, and sub-zero temperatures met with 
in the arctic and antarctic regions. 

Temperate winter conditions involve tem- 
peratures around or a little below the freezing 
point of water — ordinary cold weather photo- 
graphy. 

Polar photography implies temperatures 
down to - 40° to - 70° F. (- 40° to - 55°C.). 


These appreciably affect equipment and 
materials as well as the comfort and work of 
the photographer. 

The problems relating to equipment include 
greatly increased viscosity of normal lubricants, 
leading to sluggishness in the moving parts of 
the camera; brittleness of shutter blinds and 
film supports; freezing of condensation on 
cameras and lenses, etc. 

The effect of cold on the photographer 
influences the way of holding and handling the 
camera; visual observation (including the use 
of snow glasses), etc. 
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EQUIPMENT 

There is no special photographic equipment 
manufactured exclusively for polar use, since 
most apparatus will serve satisfactorily with a 
certain amount of adaptation. 

Camera Types and Features. The choice of 
camera is governed by operational features as 
well as purpose of use. For arctic or antarctic 
expeditions, saving weight is often important, 
so a miniature camera has obvious advantages 
on journeys in the snow and away from the 
base of an expedition; and its extra lenses, 
filters, etc., do not greatly add to the total 
weight. Also the 36-exposure load of 35 mm. 
film cuts down on the reloading required. 

Many people like to use precision twin lens 
reflex models. Advantages are the absence of 
bellows, large focusing knobs, viewing without 
putting the face or eye close to the camera, 
automatic shutter tensioning, and easy film 
transport. All the manipulations of picture 
taking can be carried out with mittens on the 
hands. Care is required, however, not to 
breathe on the focusing screen. 

Folding roll film cameras are also in use, 
but the controls are more difficult to set with 
mittens or gloves. 

On polar expeditions it is useful to have at 
least one medium-size plate camera at the base 
of the expedition. This serves for high-quality 
colour shots intended for reproduction, as well 
as for more advanced survey and similar work. 

Bellows cameras should be fitted with first- 
quality leather bellows not loaded with too 
much stiffener. Plastic bellows are liable to 
crack in polar climates. Rigid cameras with 
extending lens tubes are free from such risks. 

Eye-level viewfinders present a risk: a cheek 
brought in contact with them at temperatures 
below — 15° F. (— 25° C.) may suffer irtStant 
frostbite. If the skin is wet, it will also freeze 
to the metal. For constant use the eyepiece 
should be surrounded by fur or cloth. Even 
rubber eyepieces (as fitted on some cine cameras) 
can cause freezing of the skin. Frozen rubber 
becomes brittle, liable to fracture, and spare 
eyepieces should form part of the kit. 

Whatever the equipment of an expedition, it 
is always advisable to include a simple box-type 
camera ready for use by anybody at any time. 
Cine Cameras. Motors on cine cameras may 
become unreliable at very low temperatures, 
and drop in speed even if winterized (see below). 
Electrically driven equipment suffers from the 
effects of cold on the batteries. Below 0°F. 
(about — 18° C.) the current output drops, 
and at — 10° F. (— 23° C.) becomes insufficient 
to maintain proper operating speeds for a run 
of 10 feet. 

Accumulators, particularly of the nickel 
type, are somewhat better and can be used 
down to — 35° F. (— 37° C.) t but are heavy. A 
silver accumulator weights only 1£ pounds 
for a 9 volt pack, and will drive a large 16 mm. 


camera for 7,000 feet at one charging. Because 
of its small size (2x4x6 ins.) it can also be 
carried under the clothing, so that body heat 
helps to maintain it at operating level. 
Winterization. Since most lubricants used in 
photographic equipment become almost solid 
in polar climates, special winterization is 
essential for all apparatus. This consists of 
degreasing the moving parts, including the 
shutter, and lubrication with either graphite or 
a silicone lubricant. The job is best undertaken 
by an expert, preferably the manufacturer. 

Winterization should extend to film trans- 
port mechanism, opening and closing move- 
ments of the camera, and also to focusing lens 
mounts. A lens which functions smoothly at 
normal temperatures may require a pipe wrench 
to turn it at — 50° F. (or about — 45° C.). This 
applies particularly to cine lenses because their 
small diameter and narrow focusing rings make 
them very difficult to grasp with gloves. 
Shutters. Unwinterized shutters cease to be 
accurate even at moderately low temperatures 
of 20° F. (— 6 or 7° C.). With suitable low- 
temperature lubrication diaphragm shutters 
will work well under all conditions. 

Focal plane shutters other than all-metal 
types are more difficult to lubricate for extremes 
of temperature, and also suffer from other dis- 
advantages. Thus the opaque material of the 
blinds easily cracks, and may flake off. 

Tensioning of shutters — of any type — should 
be done slowly to avoid breaking springs. This 
also applies to other spring-loaded camera parts. 
Lenses. Apart from stiffness with normal lubri- 
cants in the focusing movement, and condensa- 
tion, uneven expansion on rapid warming up 
may cause trouble. With a lens in a heavy 
focusing mount this may lead to cracking of 
components. It is most likely to happen with 
highly complicated lens systems with strongly 
curved elements. The uneven response of 
different types of optical glass to temperature 
changes may separate cemented units. 

In all cases the camera should therefore be 
warmed up very gradually when it is brought 
indoors from sub-zero temperatures. The best 
policy is to leave the equipment out of doors 
at all times. If this is done, it will be wise to 
tension and release' the shutter several times 
before use Similarly, a short run in a cine 
camera will help to condition it for the cold. 
Condensation. Condensation is one of the worst 
nuisances of polar photography but fortunately 
does not last very long. Cold instruments 
brought into warm or moist rooms will 
promptly collect a sheet of ice. Care should be 
taken never to blow or breathe on a lens when 
cold, either inside or out of doors. Hands, if 
perspiring in heavy wool or fur mittens, should 
be bared and waved in the air for a few seconds 
to avoid moisture collection, especially when 
loading the camera. Otherwise there is a 
danger not only of the lens icing up, but of the 
fingers freezing to the metal parts of the camera. 
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Generally, condensation will evaporate in 
half-an-hour or so from the front lens element. 
Condensation or icing on inside surfaces may 
call for complete dismantling and drying out 
at room temperature. 

Condensation is particularly bad for dia- 
phragm shutters, as the moisture rusts and 
pits the blades, making smooth working im- 
possible. The iris diaphragm is liable to suffer 
in the same way. Focal plane shutters arc less 
sensitive in this particular respect. 

Dropping a cold camera in the snow at low 
temperatures is of little consequence. Usually 
a brief shaking will dislodge any snow particles. 
With a warm camera matters are worse: 
thawed snow flakes will immediately form ice 
which will take days to evaporate (unless of 
course the camera is warmed and dried). 
Accessories. Normally accessories carried in the 
field tend to be limited to tripods, filters, lens 
hoods, and exposure meters. 

Among tripods the wooden type is less 
subject to damage by cold or in ice and snow 
than most metal tripods, and it is easier to 
handle as there is less risk of condensation and 
freezing up. Pan and tilt heads will need special 
attention f or degreasing, etc. 

A useful aid in snow is to cut a triangle of 
stout canvas of roughly the same size as the 
distance the tripod legs are spread apart. The 
edges are bound for strength, and a brass eye- 
let fixed in each corner. This should be large 
enough to pass the spike points of the tripod, 
but not the tripod legs themselves. In use the 
triangle may be spread on even soft snow, the 
tripod points inserted in the eyelets and the 
camera mounted for operation. This prevents 
the legs from sinking in the snow. 

Filters for polar work should be of solid glass 
dyed in the mass rather than cemented gelatin 
(this is unavoidable with polarizing filters). 

Lens hoods require no special precaution, 
but should be easily attachable to the lens to 
reduce manipulation in the cold. 

Exposure meters of the best quality do not 
vary in reliability at low temperatures, especi- 
ally if the whole unit is hermetically sealed. It is, 
however, advisable to take several meters on a 
polar expedition, as they appear to get out of 
adjustment more quickly. 

Personal Equipment. Apart from the standard 
warm clothing for sub-zero temperatures, two 
points require special mention in polar work. 

Firstly, it is advisable to wear light finely 
knitted wool gloves inside the heavy mittens. 
The thin gloves permit manipulation of camera 
controls, etc., for a short time when the hands 
are removed from the heavy outer covering. 
Some people prefer thin silk or cotton gloves, 
but once the hands are exposed to the cold — 
perhaps to the point of numbness — they do not 
warm again as readily in silk or cotton. 

Secondly, snow glasses are usually essential 
to guard against snow blindness which, while 
temporary, is always irritating and very un- 


comfortable. The glasses may be raise* for 
snort periods for focusing or other adjustment. 
Spectacle wearers should have coloured spec- 
tacles prepared to their individual prescription. 

TECHNIQUE AND SUBJECTS 

Polar photographic technique differs from 
normal procedure in manipulation of the 
camera, and in exposure, filters, etc. 

Carrying and Holding the Camera. The mere 
handling of intensely cold equipment is a 
problem, especially with all-metal cameras. 
Even with wool-lined leather or fur mittens 
great amounts of body warmth are drawn off 
by the chilly metal. It is therefore desirable to 
have sturdy leather cases for equipment if the 
design permits it. Large cine cameras present 
even more of a problem in heat dissipation, 
since they must be grasped firmly if hand-held. 

If the camera is small enough, it is best 
carried under the clothing to keep it reasonably 
warm and thus in good working order. The 
photographer should not be perspiring, how- 
ever, as condensation may form unless the 
camera is completely encased. With larger 
equipment the chilling effect of a cold lump of 
metal may be serious if tucked under a parka or 
inside a shirt. 

Loading and Handling Filins. The main effect 
of intense cold on films is to make them brittle 
and liable to snap, especially if curved sharply. 
For roll films, size 120 cameras arc therefore 
better than those taking 620 films because the 
film leaves, and is rewound on to, a larger core. 
When curving films to attach them to spools, 
etc., the film base should be bent only slowly, 
preferably with bare hands as the body heat 
will aid in making the film base more pliable. 
Caution is important with fi lm edges; when cold 
and hard they are razor-like, and can cause 
nasty cuts. 

To avoid breakage of the film, it should 
always be advanced slowly in the camera. 

Sheet film (in a suitable camera) can be kept 
flat, but involves the use of comparatively 
weighty holders. Film packs are unreliable 
in extremely cold weather, partly because the 
film easily splits when making the tight turn 
inside the pack, and partly because it is subject 
to static marks due to rubbing. The drier and 
colder the weather, the more likely such marks. 

Cine film suffers from similar troubles, 
especially as it has to be curve* and uncurved a 
lot and moves all the lime in the camera. Maga- 
zine type cameras generally cannot start a 
magazine at temperatures below — 40° F. or C., 
owing to the set that the film takes in the maga- 
zine. Most 8 mm. magazine cameras engaging 
only one perforation hole during film transport 
will tear out the film if its stiffness exerts more 
than 10 ounces of pull. 

Exposure. An exposure meter is almost indis- 
pensable for light measurement, and the expo- 
sure is determined in the usual way. 
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One complication is the effect of the recipro- 
city failure and speed loss at very low tem- 
peratures. The effective film speed appears to 
drop to a minimum around — SO to — 100° F. 
(— 70° C.), and rises again to its full value 
around — 180° F. (— 120° C.). This rise is of 
academic interest, since the lowest temperature 
at which photographs have been taken in polar 
regions seems to be about — 70 to — 80° F. 
(- 60° C.). 

Black-and-white films have been found to 
need one stop more exposure at — 20° F. 
(— 30° C.), two stops more at — 40° F. or C., 
and three stops more at — 70° F. (— 56° C.). 
In practice the latitude of the film takes care of 
this speed loss down to — 40° F. or C. No 
actual figures are available for colour film, but 
the effect is expected to be similar. At the same 
time the colour balance tends to shift towards 
cyan. Trial exposures with compensating filters 
are therefore advisable. Various makes of 
colour film may behave differently in this 
respect. 

Filters. For black-and-white work with clear 
or partly clouded skies a medium yellow filter 
enhances pictorial quality. Heavier filtering is 
useful for special effects. An ultra-violet filter 
should always be used — for black-and-white as 
well as colour film — to cut out the high pro- 
portion of ultra-violet rays in the daylight. 

Polarizing filters are particularly effective in 
the polar regions and surpass optical absorp- 
tion filters for clear rendering of distant views. 
They do, however, seem to call for higher filter 
factors in very northern or southern-latitudes — 
some 4 to 8 times. 

The polarizing filter darkens the north sky 
most in the arctic, and the southern sky in the 
antarctic. Clouds, snow-clad mountains, and 
distant scenery will then stand out sharply 
against a blue-black background. With the 
camera pointing east or west, the effect of the 
polarizing screen is weaker; the sky tone will, 
however, be uneven, being much darker to- 
wards the north (in the arctic) or the south (in 
the antarctic). The filter factor for eastward or 
westward views is also somewhat less. 

With high speed black-and-white film two 
partially crossed polarizing screens can be used 
as a neutral density filter over the camera lens. 
This helps if the snow scene is so bright that 
even the smallest lens aperture would still 
lead to over-exposure (especially in cine work 
where the shutter speed is often fixed). The 
method is less satisfactory for colour film. 
Processing. Although most photographs are 
taken in the field, often in very low tempera- 
tures, processing is carried out at the base of an 
expedition or on other semi-permanent pre- 
mises, and does not differ from ordinap' cold 
weather procedure in more temperate climates. 
Suitable heating keeps the darkroom and solu- 
tions at workable temperatures. 

On expeditions the working facilities are 
somewhat limited, and special care is needed 
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to keep irreplaceable equipment in good work- 
ing order. 

Water for photography is obtained from 
glacier ice (pack-ice and icebergs contain 
salt) or snow. Generally distillation is advisable. 
Applications. The role of photography on polar 
expeditions is to study geographical, geological 
and topographical features of the region under 
investigation, to record animal and any plant 
life, and to conduct scientific research. Photo- 
graphy of fossils has also established the exis- 
tence of a temperate climate in earlier geolo- 
gical eras. Military polar expeditions have, 
with the aid of photography, investigated the 
behaviour of clothes and equipment under cold 
weather conditions. 

Aurora Borealis, and other Effects. These sky 
illuminations of nature can be very impressive 
and picturesque, but are weak from the point 
of view of actinic brilliance. The brightest of 
them still require exposures of the order of J 
minute at/2; the average, especially on colour 
film, is nearer to 20 minutes. 

Because of the quality of the light emitted by 
the aurora, some lenses appear to be able to 
produce better images than others. 

The phenomenon known as “mother-of- 
pearl sky” occurs occasionally every few years 
in the arctic and sub-arctic areas. It can be 
recorded by normal photographic procedure; 
slight under-exposure has given the most beauti- 
ful results on colour film. 

Impressive arctic phenomena are the “sun- 
dogs”. These appear as brilliant balls of fire 
and are caused by the rellection of the sun from 
ice crystals floating in the air. They are seen 
one above and to each side of the sun. 

These phenomena are best photographed 
with a single-lens reflex camera or a plate 
model with ground glass screen, since exact 
positioning of the camera relative to the sun is 
important. The sun must be centred squarely 
in the lens to eliminate as much flare as 
possible, as well as the ghost images and reflec- 
tions of the iris diaphragm and shutter blades. 
Care is necessary with focal plane shutters, or 
the sun may bum a hole in the shutter blind. 
Polar Night and Day. Beyond the arctic circle 
the sun does not rise during the winter. That 
does not mean that it is dark; on a clear day 
there is a surprising amount of pale blue light. 
As the sun begins to break the horizon in 
spring, or descends in the autumn, the bulk of 
the light emitted by it is very red. In either case 
colour film needs appropriate correction 
filters. By late spring exposure estimation is 
very misleading without a meter. 

The sunsets and sunrises during spring and 
autumn in the polar and sub-polar regions 
yield pictures of great beauty, especially on 
colour film. Again, ground glass screen focus- 
ing cameras are preferable for this type of work, 
as the visual appearance may not correspond 
with what the film records. S.M. 

See also : Cold weather. 
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POLICE PHOTOGRAPHY. The use of photo- 
graphy in police work is almost as old as the 
discovery of photography itself. Although at 
first it was used only for the photography of 
the criminal, today the more advanced photo- 
graphic techniques are in constant and daily 
use by all the larger police forces of the world. 
Well equipped photographic departments are 
an integral part of police administration and 
their contribution, especially in crime detec- 
tion, is an important one. 

Great reliance is placed upon photographic 
evidence by the Courts of this land and hardly 
a major crime of any importance is solved 
without photographic evidence of some kind. 
Evidence of this type is factual, objective and 
without bias. For recording the scenes of 
serious crimes its value is inestimable. 

Location Work. The photographing of scenes 
of crime follows well defined practice. The locus 
is recorded exactly as found and before any- 
thing is touched or disturbed. Nothing is 
moved before complete photographic coverage 
has been made from several angles to meet all 
eventualities. If bodies, articles, etc., have been 
moved they are never replaced in an attempt to 
approximate their original position. This 
amounts to reconstruction and reconstructed 
photographs of scenes of crime are not admis- 
sible as evidence in English Courts of Law. Any 
clues present, such as shoe prints, finger prints, 
bullet marks, scratches, signs of entry and 
egress, etc., are recorded with due regard to 
their relation to each other. Articles bearing 
on the crime, such as weapons or tools, are 
photographed in their exact position before 
removal for examination and further photo- 
graphy. 

Wounds on bodies are always photographed 
as it is possible from a study of the photograph 
to deduce with a high degree of accuracy the 
shape and size of the weapon used. Tattoo 
marks and prominent scars are also photo- 
graphed in every instance where identification 
is in doubt. 

In recording these scenes of crime the aim is 
to produce a series of photographs which will 
tell the story of the crime. All prints must 
carry a good range of tones and be absolutely 
sharp from back to front. 

Equipment for this type of work can be any 
good stand camera from quarter to half plate 
size. It should have a full range of camera 
movements and be fitted with a double exten- 
sion. Wide angle lenses are extremely useful on 
occasions if used with due regard to the risk 
of distortion. The resultant enlargements up to 
10 x 12 ins., a convenient size for presentation 
in Court, should be indistinguishable from 
contact prints. 

Lighting for interior scenes of crime will vary, 
but the majority of cases can be covered with 
expendable flash bulbs. “Painting” the scene 
with portable half watt lighting is sometimes 
useful. Electronic flash, owing to the compara- 


tive low light output from the portable types, is 
hardly suitable where large areas have to be 
covered sharply and well lighted from front to 
back. 

Comparison Records. With many offences a 
photograph is the only way in which the 
evidence can be presented to the Courts to 
supplement the opinion and explanation of the 
expert. In cases of fingerprint evidence, for 
instance, the similarity of the prints is quite 
easily followed by means of the photograph. 
Ballistic evidence, sometimes of a highly 
technical nature, is made quite clear through 
photography and in forgery cases the expert’s 
evidence on handwriting is always supported 
by means of the photograph. 

Comparison photographs, which involve 
photography of the “trace” found at the scene 
of a crime, with a known standard are frequently 
used by the police. Boot and shoe impressions 
found at scenes of crime can readily be com- 
pared with the suspect’s footwear, marks made 
by jemmies and tools can be photographed 
same-size and the instrument “offered up” to 
the photograph. 

Identity Pictures. Photographs of the criminal 
aid the investigating officer in his hunt for the 
criminal. A true likeness is required as opposed 
to a portrait. Pin sharpness is essential, and 
under no circumstances must there be any 
retouching. AH facial blemishes, marks and 
scars must be clearly delineated. Profile and 
full face photographs are made to Jth scale 
and full length to 1 /27th scale. Special appara- 
tus is available where large numbers have 
to be dealt with, but police photographers 
usually make use of a special back fitted on to a 
half plate camera which will accommodate 
the regulation photograph. Operating indoors 
under controlled lighting conditions and using 
time and temperature technique for processing 
ensures a uniform standard of print. 
Questioned Documents. Document reproduc- 
tion is carried out on a large scale in cases of 
fraud and processes such as photostat, dyeline 
reflex printing and Autopos are commonly used. 

The examination and photography of ques- 
tioned documents form a large part of police 
photographic work and the special properties of 
the invisible light rays at both ends of the visible 
spectrum are utilized. 

Ultra-violet rays are turned to good account 
in a number of ways in police investigation. 
They are used in all cases in the preliminary 
examination of documents where forgery is 
suspected. The eradication of original written 
matter if effected by chemical agency and 
its substitution by other writing, can generally 
be detected; any application of chemicals 
to paper can nearly always be revealed be- 
cause the area so treated gives off a totally 
different fluorescence from the remaining part 
of the document. Usually the original writing 
is disclosed and when photographed provides 
irrefutable evidence of forgery. 


880 



POR 


Special Applications. “Secret” writing with so- 
called invisible inks or urine, milk, onion 
juice, etc., all give a characteristic fluorescence 
and are generally detectable with ultra-violet 
light. Oil and grease stains give off a particu- 
larly brilliant fluorescence and are easily re- 
corded. Blood stains on garments which have 
been washed to remove the stain can be photo- 
graphed in U.V. light. Invisible laundry marks 
which fluoresce strongly under U.V. light are 
sometimes found on articles of clothing left at 
scenes of crime and afford valuable evidence 
when photographed and produced in Court. 

The powers of penetration of infra-red rays 
are used in a variety of ways in police photo- 
graphy. Where written matter is obscured by 
other writing, scribble, dirt, oil, etc., infra-red 
photography will give a good recording within 
certain limits. Partially burnt and charred 
documents can be photographed with a fair 
degree of success. Faint pencil writing due to 
age, wear, or dirt can be “boosted" and ren- 
dered legible. Old scars and scarcely visible 
tattoo marks on bodies can be revealed by 
infra-red photography. These rays can also be 
used to determine the distance at which a fire- 
arm is discharged from the victim. Powder 
staining, invisible on dark garments, can be 
seen quite plainly on the photograph. This 
evidence is often of great value. 

Cine photography is used in police work 
mainly in recording traffic and crowd control. 
It has been used on a few occasions to catch 
the criminal in flagrante delicto, but these op- 
portunities, as can be well imagined, are rare, 
instructional films for the training of police are 
made but film strips are to be preferred for this 
purpose, and are used extensively. 

Colour photography, with its well known 
limitations as regards fidelity in the print, has 
yet to prove its worth. Colour transparencies, 
however, are being used on an ever increasing 
scale and have provided evidence on many 
occasions. P.G.L. 

See also: Crime photography: Evidence by photographs; 
Forgeries ; Idem ft y photographs. 

Books: Photographic Evidence, by C. C. Scott (Kansas 
City); Photography In Crime Defection, by J. A. Radley 
(London); Questioned Evidence, by A. S. Osborn (New 
York). 

PONTON, MUNGO, 1801-80. Scottish ama- 
teur scientist and photographer, secretary to 
the National Bank of Scotland. Discovered in 
1839 that paper impregnated with potassium 
bichromate is sensitive to light — the basis of 
most photomechanical printing processes — 
and used it for thermometer records (18451. 
Later attempted to employ silver chromates in 
photography. Wrote on optics. 

PORRO, IGNAZIO, 1801-75. Italian scientist. 
Described the first tele objective in 1851 
(later re-invented and manufactured by Dall- 
meyer, Duboscq, Miethe, Steinheil) and 
worked on photogeodetics in 1 855. 


PORTA, GIOVANNI BATTISTA DELLA, 
1538-1615. Italian scientist, usually known as 
Gianbattista Porta. The invention of the 
camera obscura is often ascribed to him because 
he was the first to publish a long and clear 
description of it in 1558. 

PORTRAIT ATTACHMENT. Positive sup- 
plementary lens which enables the user of a 
fixed focus camera to take close-up pictures. 
Generally, the close-up picture is a portrait 
(hence the name), but with suitable lenses large- 
scale pictures of objects as small as coins, 
postage stamps or flowers can be brought into 
the scope of the sort of camera that must 
otherwise work at least seven feet away from 
its subject. 

When a supplementary lens with a focal 
length of F inches is added to the lens of a fixed 
focus camera (or any camera with its lens set at 
infinity) the combined lens is then focused 
sharply on objects F inches away, and the 
effective aperture of the lens (and thus the 
exposure required) remains unchanged. 

This is the principle of the portrait attach- 
ment. The photographer merely has to fit the 
attachment over his lens, note the focal length 
(usually engraved on the edge of the supple- 
mentary lens mount) and set up his camera at 
that distance from the subject. 


SUPPLEMENTARY LENSES 
WITH FIXED FOCUS CAMERAS 


Supp/ementory Lers 
Focal Length Power 

cm. ins. ( Diopters ) 

Range Covered 
f t. and ins. cm. 

from to f rom to 







CO 

!0-0 

oo 

300 

120 

300 

0 33 

10-0 

7-6 

420 

225 

60 

200 

0-5 

&-0 

5-6 

240 

165 

60 

150 

0 67 

6-0 

4-3 

180 

125 

A0 

100 

10 

3-9 

3-0 

1 12 

90 

32 

BO 

1 25 

2-11 

2-5 

68 

73 

26 

67 

15 

2-5 

2-0 

73 

60 


This table assumes that the lens aperture is about f 1 1 
tofH. 


It is possible to select a series of portrait 
attachments in such a way that the depth of 
field on one lens starts more or less where that 
of its neighbour leaves off. In this way, using 
not more than about half a dozen lenses, the 
whole range of distances from a couple of feet 
to infinity can be brought into focus on a fixed 
focus camera. 

See also: Close-ups ; Supplementary lenses. 

PORTRAIT LENS. Lenses intended spe- 
cially for portraiture do not have to be de- 
signed to cover wide angular fields of view. 
Usually, the focal lengths selected are large in 
relation to the size of negative in order to avoid 
the unpleasant distortions of perspective 
created when the camera viewpoint is too near 
the subject. 

The first lens designed for portraiture was 
made by the Hungarian, J. Petzval, in the 
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middle of the nineteenth century. The accept- 
ance of a narrow field of view permitted him to 
utilize two widely separated doublet compon- 
ents which provided what was, in those days, 
the remarkably wide relative aperture of about 
/ 3 6. This basic lens f orm has been modified in 
a variety of ways to suit different optical re- 
quirements, but nearly ali the derivations are 
known as Petzval lenses. 

The Petzval lens has the characteristic of 
yielding very sharp definition in the centre 
of the field with a very rapid deterioration of 
quality towards the edges. This variation be- 
tween needle sharp central definition and poor 
edges is not always desirable or pleasing in 
portraiture and in more recent times there has 
been a demand for a more uniform type of 
definition at a softer or more dilfuss level 
than that produced in the centre of the field of 
a Petzval lens. 

Definition Control. Where the definition of a 
good modern lens is too hard for portraiture 
the necessary softness can be produced by 
devices such as diffusion discs in front of the 
camera or enlarger lens. There are several 
methods, both good and bad, of artificially 
softening definition in this wav. 

In normal photography every attempt is 
made to produce a standard of definition as 
near perfect as possible — i.e., to get the lens to 
yield a perfect point image of a point in the 
object. This is not usually the ideal type of 
image for portraiture; softer definition is 
obtained if the point image is surrounded by a 
circular fringe of light of low intensity. By 
retaining the point image as a hard nucleus in 
the image patch the lens designer can maintain 
the ability of the lens to record fine detail and 
he can vary the degree of softness by control- 
ling the diameter of the fringe and the relative 
light distribution between it and the hard 
central nucleus. 

This type of image formation can be pro- 
vided by deliberately introducing a type of 
optical error in the lens known as spherical 
aberration. It cannot be provided by merely 
moving a well corrected lens out of focus, as 
this gives an image patch of finite size but with 
a more or less even distribution of light inten- 
sity, so that spread of light is too severe and 
the effect is to spoil definition instead of 
softening it. 

There are two main types of portrait lens 
constructions which soften the image by intro- 
ducing spherical aberration: in the first type 
the amount of aberration is fixed, and in the 
second, it can be varied. 

Fixed Aberration Lenses. In the first type there 
is a fixed and substantial amount of spherical 
aberration and at full aperture the image patch 
corresponding to a point in the object has a 
pronounced fringe round the central nucleus. 
When the aperture of the lens is stopped down, 
the fringe gets smaller until, at about / 16, it is 
negligible and the definition is hard and sharp. 


In this type, therefore, softness is controlled by 
choice of relative aperture. 

Where a marked degree of softness is not 
required, some normal lenses not reaching a 
particularly high standard of performance in 
other branches of photography can act in a 
similar manner and be put to good use in 
portraiture. 

Variable Aberration Lenses. In these types the 
softness of definition is under control at any 
aperture. These forms are usually derived from 
the basic Cooke-Triplet construction with pro- 
vision for moving one or more of the lens com- 
ponents in relation to the others. This device 
introduces a variable amount of spherical 
aberration without seriously impairing the 
correction of other optical errors. Softness of 
definition also varies Irom aperture to aperture, 
but the control of softness at each aperture is 
particularly useful when exposure times and 
illumination levels are dictated by conditions 
outside the photographer’s control. 

When using portrait lenses of the second type 
it is important to realize that the relative move- 
ment of the lens components also changes the 
focal length and the position of focus. For this 
reason it is essential to focus on a screen in 
the camera at the aperture and diffusion setting 
that are to be used in making the exposure. 
Focal Length. The focal length of a portrait 
lens is generally longer than normal in rela- 
tion to the field covered. Where the normal 
lens has a focal length approximately equal to 
the diagonal of the field covered — equivalent 
to an angular field of about 55° — the portrait 
lens may have a focal length equal to If times 
the diagonal — equivalent to an angular field of 
45°. 

Portrait lenses are available in focal lengths 
from 1 in. (25 mm.) for 16 mm. cine cameras 
to 18 ins. and overforuse on 8 x 10 ins. studio 
cameras. G.H.C. 

See also : Lens history. 

Book: Photographic Optics, by A. Cox (London). 

PORTRAIT SERIES. In commercial studios 
these are produced with a semi-automatic 
camera (Phoiomaton or Polypose) which 
enables an unskilled operator to take a series 
of portraits and deliver a finished strip or 
sheet of prints. Machines of this type are 
popular in large department stores. 

The sitter is posed under a standard lighting 
arrangement and the operator simply moves 
levers to focus, expose, and transport the 
negative material. The negative material 
usually consists of a single plate. Only a small 
section is exposed at a time, and the plate 
moves to bring successive sections behind the 
lens until the whole surface has been exposed. 
One popular system gives 48 exposures mea- 
suring If x If ins. in 8 rows of 6 on a 9 x 12 
ins. plate. The customer is given a contact 
print of the plate from which he makes his own 
selection for enlarging. 
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PORTRAIT STUDIO. Modern portrait studios 
have developed with the psychology os well 
as the photography of the sitter in mind. They 
have grown to be a very different ptoposition 
from the early studios where gaslight and day- 
light were combined in a sort of greenhouse, 
equipped with clamps to screw the victim's 
head in position, and prodigiously bulky 
cameras. In those days it was said to be more 
pleasant to visit the dentist than the portrait 
studio. 

Throughout the country to-day there 
are innumerable studios specializing in por- 
traiture. These mostly consist of a small studio 
with a reception room, and the minimum space 
for darkrooms. In every case, the studio is 
tastefully decorated and shows the minimum 
amount of apparatus. The less ambitious may 
have walls decorated in pastel shades, bright 
chintz curtains, and a bowl of flowers on the 
window-sill. More elaborate establishments 
may boast of decorative hangings, a period 
fireplace, and other “props” which give the 
studio the necessary atmosphere and arc also 
useful as settings. 

Equipment. Many studios retain the large studio 
camera mounted on its heavy table-stand, 
especially those studios which use contact 
prints from large negatives to allow for 
extensive retouching on the negatives. But it is 
becoming more usual to find a smaller camera 
of modem design standing unobtrusively in a 
comer, with lighting equipment that blends 
with the general scheme of the room. 

Portrait studio lighting equipment usually 
consists of a top-unit where a row of large 
half-watt bulbs mounted in reflectors pro- 
vide a bright general light with the minimum 
amount of shadow. Facial modelling or round- 
ness is achieved with screened floodlights to 
the right or left of the sitter and the equipment 
is completed by a good focusing spot for adding 
local emphasis highlight. 

Unlike the commercial studio which has 
to be prepared to handle a variety of sub- 
jects, the portrait studio is concerned with one 
subject only, and its size as well as the possible 
viewpoints are limited. So most of the portrait 
studio equipment can be arranged in advance, 
leaving only minor adjustments to be made 
when the sitter arrives. Lights arc often fixed 
on extendible arms, or on easily moved wheeled 
stands with cables from the ceiling. The 
atmosphere aimed at is that of a private apart- 
ment rather than a technical work-room. In 
many cases the subject hardly knows when the 
actual exposure has been made. 

Children. Child photography is a very impor- 
tant branch of the portrait studio. Every por- 
traitist has a personal technique; but all seek to 
create a feeling of freedom and provide some- 
thing to occupy the young mind. Toys are a 
necessary part of the studio “props”. Compli- 
cated apparatus is kept well out of sight, and 
portable gadgets out of harm’s way. The 


success of the photograph largely depends 
upon the photographer's ability to handle his 
subject. With a young, highly imaginative mind 
there is no need for expensive and elaborate 
diversions; ordinary objects and simple ideas 
are always more successful in establishing the 
slate of mind required. 

The psychological reactions of the child must 
be borne in mind in designing a portrait studio. 
Apparently trivial points can exercise a pro- 
found effect on the mood of the sitter; doors 
that stick, or that look heavy and as though 
they would take a lot of effort to open. All such 
things, and any suggestion of technical mystery 
tend to destroy the desirable atmosphere of 
freedom. 

Expression. The retouching department is an 
important part of the portrait studio. The 
camera, left to itself, is apt to give the least 
attractive rendering of the human face. 

Special lighting facilities help to produce 
more pleasing results, but even so, few people 
like to see their faces as they appear in an un- 
retouched photograph. This is not vanity; we 
apply it to our friends as much as to ourselves. 
The reason is that we are accustomed to see a 
face in a state of animation. Constantly 
changing moods and expressions follow one 
after the other. A still picture freezes one 
particular expression or one viewpoint to the 
exclusion of all else; we see in the picture a 
single phase, instead of the complex sequence 
we are accustomed to. 

Early attempts to soften the too-f actual 
vision of the lens introduced gauze screens 
and a strange assortment of other objects into 
the studio. These have their modern equivalents 
in many studios. On the other hand there are 
studios that deliberately go in for hard lighting 
to emphasize character, particularly in photo- 
graphs of men and elderly people. Such studios 
have no retouching department in the accepted 
sense of the word. But in the average studio 
the camera operator with his lights (and per- 
haps, a soft focus lens) and the professional 
retoucher work together as a team to give the 
public the type of portraits it prefers. And the 
studio is planned on the basis of this partner- 
ship. B.A. 

See also: Portrait studio camera; Studio; Studio photo- 
graphy. 

Book: The Business of Photography, by C. Abel 

(London). 

PORTRAIT STUDIO CAMERA. Type of 
camera intended for taking portraits, full- 
length figures, and small groups arranged at 
one end of the studio and illuminated prin- 
cipally by fixed massed lighting. It is designed 
to move about on wheels but can be instantly 
anchored in any position. All controls are large, 
easy to handle, and silent. The whole design and 
construction of the camera are aimed at dis- 
tracting the attention of the sitter as little as 
possible. 
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As most studio photographs have to be 
retouched, the camera is made for large 
negative sizes — never smaller than half plate, 
and generally whole plate or 8 x 10 ins. 

As it is used exclusively for photographing 
people in more or less standardized poses 
under the same sort of lighting conditions, the 
camera has no use for camera movements like 
swing back and rising front, and it has no need 
to be either collapsible or portable. 

Camera Body. The body consists of a base- 
board with a lens panel and plate back, 
both of which can be racked backwards or 
forwards. An extra-long bellows is fitted and 
the camera has a generous extension to allow 
the use of relatively long focus portrait lenses. 
All focusing controls and movements are 
operated by large hand-wheels or handles. The 
body is supported on an elaborate stand on 
wheels which has controls for raising, lowering, 
and tilting the head, and a device for locking 
the wheels when once the camera has been 
pushed into position. 

Lens. The studio photographer does practically 
all his work with lenses of 10 ins. or more 
focal length and apertures of never less than 
f 4-5. Most of the lenses used in portrait 
cameras have a certain softness of definition; 


anastigmats have an unflattering sharpness 
generally undesirable for this class of work. 
Shutter. The favourite shutter for portrai- 
ture is the silent-opening, “eyelid” type. This 
type of shutter is quite noiseless and does not 
need to be pre-set. It is opened by pneumatic 
pressure applied by an indiarubber ball held 
in the operator’s hand and connected to the 
shutter mechanism through a long flexible 
tube. The shutter stays open until the operator 
releases the pressure, and the whole action is 
so silent that the sitter may not even notice. 
Negative Carrier. The back of the camera 
is equipped with a special negative carrier 
designed, like the shutter, to be smooth-work- 
ing and noiseless. It consists of a grooved frame 
carrying a special type of plate holder which is 
inserted into guides on the camera back. 

The guides also carry the focusing screen 
so that when the plate holder is pushed into 
position for exposure, the focusing screen auto- 
matically slides out of the way. At the same 
time, a stop on the negative frame engages 
with the dark slide of the plate holder and 
uncovers the plate as it is pushed into position. 
After exposure the dark slide covers the plate 
once more as the holder is withdrawn. 

See also : Portrait lens. 


PORTRAITURE 


Taking portraits can be one of the most 
rewarding branches of amateur photography 
and at its highest level it is probably the most 
difficult work in which a professional can 
specialize. This is because a successful portrait 
demands perfect photographic technique, a 
very definite measure of artistic ability and a 
flair for handling human beings. 

Individual style shows itself here more than 
in most kinds of photography, but there are 
certain basic principles that are common to 
every approach to the subject. These basic 
principles are concerned principally with the 
methods of controlling the subject and the 
lighting. 

POSING THE SITTER 

The successful portrait photographer is 
interested in people and can put them at ease, 
and remain at ease himself while he is taking a 
portrait. He uses the technical processes 
purely as a means to arrive at a live and 
characteristic likeness of the subject. He never 
forgets that his own mental attitude has an 
effect on the sitter, and he takes a keen and 
personal interest in the portrait in hand. His 
trained observation allows him to see a 
characteristic pose or expression, even during a 
session that is sometimes short. 

Making a portrait should be a pleasant 
experience on both sides of the camera, and 


everything depends on the personality and 
“managing” ability of the photographer. By 
keeping up a natural conversation he can break 
down any reserve or lack of co-operation from 
the sitter. He should suggest rather than 
command a pose, and by an occasional word 
of encouragement and praise, he can aid the 
confidence of the subject and banish camera- 
consciousness. A skilled photographer recog- 
nizes at once when the sitter looks and feels 
easy and natural, and he directs his efforts to 
that end. While there are many individual 
methods of approach, the object is always to 
secure a “live”, characteristic portrait. 

An efficient routine allows the work to 
proceed smoothly, without fluster or dis- 
turbance, and has a favourable influence on the 
sitter. Operations are usually directed from 
the camera, where the pose can best be studied. 
This arrangement allows the sitter to take up 
the suggested pose without having to be pushed 
into it by the photographer, a procedure which 
many people object to. Everything is done to 
make the sitter feel comfortable and relaxed, 
but the directing is pleasant and unobtrusive 
with a complete absence of the professional 
manner of earlier days. Some subjects are 
easy to approach, others difficult, and experi- 
ence in dealing with the various types of sitter 
helps the photographer to the desired result 
without wasting time. The most successful 
portrait photographers are those who have 
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cultivated this understanding of their sitters 
and the result shows itself in their work. 

The Pose. The required natural, easy pose is 
sometimes a spontaneous action on the part 
of the sitter, but it is the photographer who 
decides when it looks right or directs move- 
ments to achieve it. For a head and shoulders 
portrait the subject is rarely taken squarely 
facing the camera. The shoulders are slightly 
turned away from the camera, and the head 
towards it, giving a three-quarter or full-face 
view as desired. A little more action can be 
suggested if the sitter leans forward slightly 
into the picture. Enough of the shoulders or 
body is included to form an adequate base, 
avoiding equality in size with the head, but 
having two or three times its area in the picture. 
In a close-up the head generally fills the frame, 
and with suitable subjects parts of it may even 
be trimmed off. A feeling of action can often be 
imparted by giving the head a tilt either when 
enlarging or trimming the print. 

Three-quarter length poses usually include 
the whole of the figure to just below the knee 
when seated. A slight turn of the body is 
again useful, and the legs can be turned side- 
ways to avoid the appearance of fore-shortening 
produced when they point directly towards the 
lens. A more informal look is given in a 
man’s portrait if he crosses his legs, usually by 
placing the one nearest the camera on top of 
the other. 

This type of portrait includes the arms and 
hands, and they, too, must be carefully posed to 
avoid a look of angularity or stiffness. Any 
suggestion of arrested action is avoided by 
adopting only the quieter and simpler poses — 
e.g., a woman with her hands resting in her 
lap or a man resting his arms and hands on a 
table. Appropriate accessories that can be 
held naturally in the hands give the subject 
something to do with them, and help in 
achieving an unaffected pose. 

A suitable chair or stool of good but not 
assertive design is a necessary item; it must not 
be too low or the knees will tend to stick up 
awkwardly. When the subject is elderly or 
important the pose should be a simple and 
dignified pose, but more freedom is permissible 
with younger people, particularly in dealing 
with the more sophisticated and decorative 
types of women. The poise of the sitter — i.e., 
the manner of holding the body — is a vital 
part of successful posing: it should be neither 
stiff nor slouching. 

Full length portraits are confined more to the 
display of ceremonial attire and records of 
formal occasions. Here, too, great care is 
taken to secure a well-balanced pose. The 
subject must not seem to be falling backward 
by leaning too much on his heels or a support; 
it is a good rule for the weight to be thrown 
forward slightly on the ball of the foot. Move- 
ment of the subject can be avoided by using a 
short exposure, but it is always as well to have 


a support, such as a chair or table, near the 
subject to prevent the slight swaying that is 
difficult to control. Much of what has been 
said about the poses for three-quarter length 
portraits applies equally to full lengths. The 
problem of filling the larger area around a full 
length in order to make a pleasing picture is 
largely a matter of suitably lighting or furnish- 
ing the background. 

Expression. To please his sitter, the pro- 
fessional photographer must be able to secure 
a pleasing or characteristic expression. This 
requires sensitive observation on his part, and 
the restraint to avoid extremes. The broad 
grin or the hearty laugh is out of place in 
sincere portraiture which is to serve as a vivid 
and faithful record of the sitter. The expres- 
sion of the subject is the mirror of the mental 
state and the penetrating vision of the camera 
reveals at once any trace of artificiality. The 
photographer must start by deciding whether 
he is to portray the transient qualities of the 
snapshot, or seek to create something more 
permanent that can be looked at over a period 
of time without loss of interest. An instan- 
taneous exposure is no guarantee that the best 
expression will be captured; many a portrait 
that possesses all the freshness and spontaneity 
of a snapshot is the result of a time exposure 
lasting several seconds — it all depends upon 
the photographer’s ability to recognize the 
right moment to expose. 

The features that most directly influence 
expression are the eyes and the mouth. Apart 
from any mental Dr emotional feelings that the 
eyes may express, it is most important to see 
that they are looking in the right direction. 
Turning them to one side, even slightly, can 
give a furtive, suspicious look, and the whole 
effect can be ruined if they are looking too 
high, or too low, or half closed because of the 
brightness of the light. As a general rule the 
eyes should look in the direction to which the 
head is turned. Looking straight into the lens 
almost inevitably leads to an expression of 
forcefulness which may or may not be desired. 
If the subject habitually wears spectacles, he 
should be taken with them, or he will look and 
feel strange. 

The mouth is a mobile and expressive feature 
that can convey every emotion from anger to 
happiness. It is a great revealer of character, 
and as such must be watched very carefully 
when timing the instant of exposure. There 
is often a point before a full smile is reached, 
or after it has nearly gone, when the lips have a 
pleasant expression that suits most people. 
The popular trick of asking the sitter to pro- 
nounce some short word which results in a 
half-opened mouth at the moment of expo- 
sure, serves a similar purpose. 

With subjects where gravity and dignity are 
more suitable the photographer must wait for 
an expression of calm repose. The moods and 
emotions reflected in the human countenance 
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are many and varied and the eye of the photo- 
grapher must be trained to recognize them 
the instant they appear before he can expect 
the lens to record them. 

Features. The type of sitter that the portrait 
photographer refers to as “photogenic” 
possesses features of such regularity and pro- 
portions that a satisfactory portrait of them 
can be obtained fairly easily, from any one of 
a variety of angles. But with most subjects 
one of the greatest problems in taking a portrait 
is to choose a viewpoint and pose of the head 
that wilj minimize or avoid often considerable 
irregularities of features and proportions. With 
a studio portrait which must please the sitter 
this is imperative, although in a pictorial 
character study for an exhibition it may not 
be so necessary. A woman usually has a 
definite opinion about which is the best side 
of her face, but the camera does not always 
agree with her. 

If a line could be drawn down the centre of a 
face, it would be found, in many cases, that 
the nose was not quite straight, and that one 
side of the face was fuller than the other, while 
a line at right angles would show differences in 
level in the eyes and mouth; classical sym- 
metry is rare. 

One of the methods usually employed to 
overcome the appearance of a mouth that is 
not level is to turn the head away from the 
camera to a three-quarter or near-profile view, 
keeping the lower comer next to the lens. The 
same method is adopted when the distance from 
the outside corner of one eye to the comer of 
the mouth is greater than the corresponding 
distance on the other side. The longer side is 
kept next to the camera. 

A crooked nose is helped by photographing 
it from the side towards which it turns, and a 
broad nose is narrowed by taking it in three- 
quarter view with careful lighting to put the 
broader portion in shadow. A long nose or a 
weak chin is never emphasized by taking them 
from above or with the head tilted down. With 
some sitters a sideways tilt of the head can 
make the angle of the jaw look too prominent, 
and when the cheeks are seen in outline, they 
must be compared to make sure that they are 
symmetrical, as a slight turn can make the face 
look lopsided. 

In portraits of women the neck calls for 
special attention; too high a viewpoint makes 
it appear shortened, while the shoulders are 
made to look higher. The normal height of 
the camera, at the eye level of the subject, 
gives a satisfactory rendering and only slight 
variations of this are permissible, the more 
extreme angles being reserved for special 
subjects such as fashion photography. 

With men, bald heads are made to appear 
more prominent by over-lighting, and the light 
on top of the head should be toned down by 
a soft-edged shadow from a small head screen, 
or by a piece of card held in an assistant’s hand. 


The edge of a beam of light, being softer 
than its centre, should also be employed when- 
ever possible. 

Where the sitter possesses an interesting or 
beautiful profile, it often makes the best por- 
trait, particularly when certain irregularities can 
also be played down by taking the picture this 
way. The choice of the correct viewpoint in 
all such cases is most important and the move- 
ment of the lens an inch or two to one side or 
the other can have a critical effect on the final 
portrait. 

The lighting effects are chosen both to give 
the best modelling of the features and to be in 
keeping with the type of subject. A round, 
full face, for instance, is made to look even 
wider and fuller by a broad, frontal lighting, 
but by lighting it from the side to give the head 
some bold, firmly-drawn shadows, it can be 
given a much improved form and structure. 
Thinner features, on the other hand, can be 
flattered with the more open frontal type of 
lighting. Lines of character are brought out 
in a face by a bold layout of lights and shadows 
made by the chief source of light. 

Hands. The hands in a portrait are next in 
importance to the head as interesting and 
expressive features. Like faces, they vary in 
character and beauty. Some sitters are able 
to pose their hands easily at the suggestion of 
the photographer; those who cannot, or who 
have not good hands, call for a simple and 
unobtrusive treatment. 

Certain views and poses are in any case to be 
avoided with all types of hands. The broad, 
flat view of the back or front of the hand to the 
camera is unpleasing because it looks larger 
and lacks the slenderness, beauty of line and 
tapering proportions of the hand viewed from 
the side. This essential difference can be seen 
clearly by comparing the effect of placing the 
hand at the side of the head, and placing it 
under the chin with the fist closed and the back 
of it to the camera. Unusual or strange views of 
the hands should also be avoided — e.g., the 
acute foreshortened view of a hand pointing 
directly into the lens, fingers that are amputated, 
missing, or awkwardly interlaced. 

Stiffness, both mental and physical, prevents 
good poses, and anything that can be done to 
give the sitter a relaxed, easy feeling helps to 
produce a better result. A lot of directions 
make the subject conscious of his hands; it is 
usually easier to arrive at a satisfactory arrange- 
ment by simply giving him something to hold 
or rest them on. In most cases, and in 
particular, with men, the simplest treatment 
with the hands in repose is the best, but where 
a woman has particularly beautiful hands, they 
can be given greater prominence by expressive 
poses that reveal their line and style to advan- 
tage. There are many possibilities for elegant 
and expressive arrangements in posing the 
wrists, hands and fingers of younger and 
prettier women in particular. 
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Children's hands should be left alone: their 
hands will look well in almost any position so 
long as it is arrived at naturally. If they are 
given something to hold, the object should be 
small, so that their hands can grasp it easily 
and be seen instead of being hidden by the 
object. 

Backgrounds. The modern studio treatment of 
the background is generally simple. Painted 
landscape and rustic bridges belong to a bygone 
age. Head and shoulder portraits are taken 
against a plain background of black, dark grey, 
light cream, grey or white, and the variations 
in tone are produced by lighting. Even a 
white background can be made to photograph 
black if it is far enough behind the subject and 
all light is kept ofT it. 

When sitters are taken in their own homes 
or offices, etc., the background is usually con- 
f used by a multiplicity of objects, patterns and 
furniture. As far as possible these should be 
arranged or removed to leave a simple setting 
f or the subject. 

Draperies often make effective backgrounds, 
especially for portraits of women and children, 
but the obtrusive patterns must be avoided 
and the folds should be carefully arranged 
and not sharply defined. The sheen of silk, 
or light through a gauzy film of muslin can 
lend a pleasing decorative effect, but it must 
always be kept subordinate to the sitter. In 
three-quarter and full length portraits there 
is more background in proportion to the 
subject than in head and shoulder portraits. 
Here, the judicious use of a piece of furniture, 
curtains or other suitable props, and variation 
of the background’s lighting can help to create 
an effective composition and fill in the empty 
spaces. 

Clothes. For the more formal type of por- 
trait the appearance of the clothes, especially 
of women, needs careful attention. A dress 
that hangs in badly-arranged folds, or is 
creased and crumpled, or has a collar dis- 
arranged, etc., will not be acceptable to the 
sitter. So it pays the photographer to see that 
everything is in order at the sitting, to avoid 
the labour of correction on negative or print. 
Even a necklace must be properly arranged or 
it will mar the appearance of a well-groomed 
woman, and men’s suits must be checked for 
bulging collars and creases in the wrong places. 
Service uniforms in particular call for great 
attention down to the last button. No such 
care is necessary with the easy, informal type 
of portrait which may even be improved by a 
suggestion of untidiness. 

Make-up. Modem panchromatic emulsions 
give a smooth rendering to complexions, but 
occasionally more pronounced freckles and skin 
blemishes persist in showing. If these are 
objectionable to the sitter, they can be masked 
by the use of the correct make-up. This must 
be chosen to suit the type of lighting and 
sensitized material; ordinary make-up is rarely 


satisfactory. The use of make-up to create 
character or deliberately alter a face calls for 
special skill. H.J.Wi. 

LIGHTING 

Controlled lighting in portraiture, as opposed 
to mere general illumination, is used for 
modelling — i.e., to create an impression of 
roundness and solidity in the two dimensional 
reproduction of the sitter’s head and features — 
and to give a good likeness. Good lighting 
is not a matter of using a large number of 
high-powered lamps. Some of the best por- 
traits are produced by means of very simple 
lighting, just as many of the greatest master- 
pieces of portrait painting have been produced 
by the use of just one simple light source, 
generally a diffused form of daylight. 

Sunlight, diffused daylight, half-watt lighting 
and flash bulbs are the principal sources of 
light used in portraiture and there are many 
types of lighting that are capable of producing 
a first-class portrait. 

Because of its convenience and portability, 
half-watt lights have become the most popular 
form of lighting for portrait photography. 
Such lights are easy to move into any position 
or any angle, to give front light, side light, and 
back light as required. Among the most 
popular light sources for amateurs are Photo- 
flood lamps, which give a very intense light 
but have a more limited life than the ordinary 
half-watt lamp. 

These lamps are used in various types of 
reflectors and on a variety of stands which 
enable them to be placed in any desired posi- 
tion. The design of the reflector is important. 
A lamp with a narrow reflector will give a 
harder image than a lamp in a broader reflector, 
which tends to diffuse the light more. 

Spotlights give a stronger and more concen- 
trated form of light. They are useful princi- 
pally for back lighting or effect lighting, but 
can also be used as the main source for strong 
characterization or realistic skin texture. 
Photoflood Lighting. The photographer making 
a portrait by artificial lighting has to decide 
how many lamps he will use, how powerful 



MODELLING LAMP. One main light only produces hard and 
deep shadows on the side of the subject away from the lamp. 
The background tone gets darker farther away from the lamp. 


887 




USE OF REFLECTOR. A white card or other light-coloured area 
used as a reflector on the shadow side of the subject tends to 
relieve the blackness of the shadows. 

they must be, and where to place them. The 
commonest mistake is to use too many light 
sources with the result that one interferes with 
the other and there is no definite light or shade 
in the final picture. 

A good lighting scheme may include the 
following basic units: the modelling light or 
main light, the general light or “fill-in” light, 
the background light, and the effect light. 
Modelling Light. The purpose of this light is to 
form the actual light and shade areas in the 
portrait. All other lamps used are subsidiary 
to this light and are never allowed to compete 
with it. 

Just as there is only one sun in the sky, 
giving one definite light and shade, so a good 
portrait produced by artificial light should 
have one principal source which produces a 
definite light and shade pattern. 

General or Fill-in Light. The purpose of this 
light is to give an all-round illumination to the 
subject without throwing any definite shadows. 
Its object is to illuminate the shadows produced 
by the modelling light, and so improve the 
rendering of detail in these areas. 

Photographic negative material cannot 
accommodate itself to extreme contrasts in the 
same way as the human eye and deep shadows 
in which there is still detail discernible to the 
eye can frequently appear as blank areas on 
the negative. So there must always be 
sufficient general light to give the shadows the 
necessary detail. 

Much of the general lighting is provided by 
reflection from the surroundings. If the sitter 
is placed in a room where there is no daylight 
and where the surroundings are fairly dark, 
when the main source of light is switched on 
the shadows will appear extremely black and 
the whole lighting effect will be harsh and 
contrasty. On the other hand, if the walls of 
the room are white or light the shadows will 
appear very much softer and more luminous. 

The most convenient way of producing the 
necessary general light is by a second lamp 
placed at a greater distance from the sitter 
than the main or modelling light. It may be 
used direct, or turned to shine on a wall or a 
white screen to light up the subject indirectly. 


Great care must be taken that this second 
source of light does not throw any shadows on 
to the face. Alternatively, instead of a second 
lamp, a reflector consisting of a white screen 
or sheet can be used to give the necessary 
illumination of the shadow areas. 

A room in which there is daylight, particu- 
larly if it has light walls, can also be an ideal 
location for making a portrait, because the 
diffused daylight reflected from the walls 
provides an excellent type of general or 
foundation light. The window blinds or cur- 
tains can be opened or closed so that just the 
desired amount of reflected light is available. 
This method of lighting makes a separate 
fill-in light unnecessary. 

Importance of Shadows. The power and dis- 
tance of the fill-in light must be such that the 
shadows are neither too black nor over- 
illuminated. Too much general light weakens 
the shadows and destroys all the depth and 
roundness of the subject so that the resulting 
portrait looks insipid and lifeless. If too much 
fill-in light is used a portrait can be devoid of 
shadow altogether. This effect is sometimes 
produced deliberately to create a high key 
effect. Again, if the fill-in light is incorrectly 
placed, rival shadows can be produced which 
spoil the necessary positive character of the 
lighting. 

An excellent way for the beginner to train his 
eye in the use of artificial light is to practise 
on a plaster bust, or a display head used for 
showing off hats in shop windows. In this 
way he can experiment without tiring his sitter. 
He should also study the lighting of leading 
portrait photographers and painters. 
Background Light. The background light has a 
number of possible duties. It may simply be 
used to brighten the tone of the background 
where it is much darker than the subject by 
reason of its greater distance from the main 
light source. It may also be used to “kill” the 
shadow of the subject cast on the background 
by the modelling light. Or it may be used 
locally on the background to produce inten- 
tional differences of light and shade to com- 
plete the composition of the picture. It can 
consist of a half-watt lamp or a spotlight which 
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USE OF FILL-IN LIGHT. This lights up the shadows much more 
than a reflector can. and produces a more even light balance 
The background also becomes more uniform in tone. 
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BACKGROUND LIGHT. A third lamp directed an to the back- 
ground can give haloes and similar effects. The basic lighting 
balance on the subject itself is net affected. 

is projected from behind the sitter on to the 
background from a position in which it does 
not show in the picture. In such a case the 
sitter must be a little distance from the back- 
ground. Illumination of this type helps to 
detach the model from the background. It 
may also be made to produce various patterns 
of light and shade according to the photo- 
grapher’s individual ideas. 

It is a fairly common practice to illuminate 
the part of the background behind the darker 
side of the model leaving the part behind the 
lighter side of the model in shadow so that the 
subject stands out by contrast on each side. 
By shifting the background light, it is just as 
easy to allow the darker tones of the subject 
to merge gently into a dark area of the back- 
ground. When using a plain neutral back- 
ground, a background light can add a valuable 
play of light and shade to relieve an otherwise 
monotonous grey area. 

Effect Light. The effect light is popular for 
the production of what are known as glamour 
portraits. In its commonest form it consists 
of a spotlight or half-watt light directed on 
to the sitter from the rear, producing a kind 
of halo, or a rim of highlight. One or more 
such light sources may be used, and usually the 
more forceful the light the more glamorized 
the portrait. 

Effect lighting can also be used for em- 
phasizing the contours of the profile, but it 
must never be allowed to shine on the face 
generally because it can easily ruin the har- 
monious lighting of the modelling light. Again, 
if it shines on existing highlights, they become 
over-exposed and will print as blank areas in 
the finished portrait. 

Lighting Styles. Broadly speaking, there are 
two principal styles of lighting in portrait 
photography: dramatic lighting and classical 
lighting. 

Dramatic lighting is the type of lighting which 
has been popularized by the movie picture and 
by the advertising studio. This consists of the 
use of a great deal of effect light, both on the 
sitter and also on the background. 

Classical lighting is the type of lighting 
favoured by the great masters of traditional 


painting. It consists of only one dominating 
source of light giving a co-ordinated pattern of 
light and shadow without “effects.” 

Dramatic lighting is popular today, both in 
private portraiture and in commercial photo- 
graphy. Classical lighting may be less fashion- 
able, but it is more suited to sympathetic 
characterization. 

Lighting the Sitter. The standard approach in 
lighting the sitter is to start with one lamp. 
This is switched on and the effect of the shadows 
is studied. If these are too heavy for the type 
of portrait in view, the second lamp or general 
light is switched on and moved backwards and 
forwards until the shadows caused by the main 
light are sufficiently illuminated. The higher 
the main light, the longer the shadows under 
the nose and eyes of the sitter. When the 
main lamp is moved to one side of the sitter 
it will leave one side of the face more in shadow 
than the other. As the photographer moves his 
main light into different positions to achieve 
the lighting best suited to his sitter, the position 
of the fill-in light must also be altered so that 
the shadows are kept illuminated. 

Every sitter calls for a different arrangement 
of the lamps to suit his or her personal charac- 
ter and this offers tremendous scope for 
individual expression in manipulating the 
lighting. Diagrams and examples can provide 
only a rough guide. The beginner must learn to 
see photographically: experience alone can 
develop his feeling for the correct lighting. 
When he gains this he will instinctively place 
the lamps in the right position to give the best 
result for each type of sitter, without referring 
to diagrams. 

The form of lighting which will always give a 
good likeness is a simple top-front-side-light, 
but there are many variations to it. It is im- 
possible to lay down any hard and fast rule; 
the final arrangement is always a matter for 
the photographer. 

Except for special effects — e.g., high key — 
the main light should never be at the same level 
as the sitter and shining exactly from the 
direction of the camera. This arrangement 
produces shadowless and flat lighting. A main 
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USE OF EFFECT LIGHT. A fourth lamp completes the lighting 
set-up by adding highlights to the hair, or, from a lower 
level, producing a rim of light around the subject. 
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light placed below eye level gives an unnatural 
type of iighting that is generally not suitable for 
straight portraiture, although it is sometimes 
appropriate when taking stage photographs oi 
actors or actresses. 

Generally speaking, a good starting point for 
lighting experiments is with the main light 
shining down at an angle of roughly 45° on 
the sitter, and 45° to one side of the camera- 
subject line. 

The character of the subject is brought out 
by the shadows, so the weaker the fill-in 
lighting, the stronger will be the impression of 
character. 

A soft general lighting with few or no 
shadows tends to idealize the subject. When 
this effect is desired, well diffused frontal lighting 
some distance from the camera is employed. 
The nearer the lamp is brought to the sitter, the 
stronger the lighting becomes and the more it 
tends to emphasize heavy, rugged and male 
characteristics. So when photographing 
women a softer form of lighting employing 
diffusing screens is appropriate, whereas with 
men a stronger type of lighting is more suitable. 
Full Lengths and Groups. In a portrait of a full 
length figure, it is important to have the main 
light high enough. Lighting that would give a 
good top-front-side-lighting of a seated por- 
trait would, if used at the same height for a full 
length standing portrait, give an illumination 
too near head level. Some lighting stands, 
particularly those sold for amateur use, will 
not extend sufficiently high. The remedy is to 
get an assistant to hold the lamp at the correct 
height. In such portraits it is also important 
to remember that the lamp should be far 
enough away from the sitter to illuminate the 
whole of the figure. With a head and shoulder 
photograph this point is not important because 
the main lamp light may be anything from 4 
feet to It feet from the sitter and still give 
excellent lighting. This distance is much too 
close for a full length portrait. 

Artificial light falls off in strength rapidly as 
the source is moved away from the model. A 
lamp moved to twice the distance away from 
the sitter — say from 2 yards to 4 — would 
not require double the exposure but four times. 
So figure work calls for very much more 
powerful lighting and when working with full 
length portraits it is often an advantage to use 
two or three modelling lights in a vertical row 
to cut down the exposure while ensuring that 
the whole of the figure is evenly illuminated. 
With groups too, it is necessary to move the 
lamps farther away and allow extra exposure. 
One Lamp Only. There is no hard and fast 
rule about the number of lamps needed for a 
portrait photograph. Excellent portrait studies 
can be secured with one lamp only. 

When there is sufficient general daylight in 
the room, then a single lamp can be used. The 
artificial light will then serve as the modelling 
light and the daylight as the fill-in light. In 


rooms with light walls and with windows in 
more than one side of the room, one lamp can 
be made to give excellent results. The lighting 
is best arranged so that the shadow side of the 
model receives the direct daylight. On the 
other hand, if there is a strong source of day- 
light, the model can be brought quite close to 
the window, and the daylight used as the 
modelling light, while the Photoflood lamp is 
used to illuminate the shadows formed by the 
daylight. But nearly always it is more satis- 
factory to use artificial light as the modelling 
light and daylight as fill-in light. 

Sometimes the subject can be placed so that 
the daylight from a window comes from behind 
and a little to one side. This arrangement 
creates an attractive backlight effect. The 
effect can be intensified by bringing the model 
nearer the window, but if this is overdone it 
will overpower the main light and the highest 
effect lights formed by the daylight will be so 
dense on the negative that they will print as 
white paper. 

A single lamp can also be used with a reflector 
to light up the shadows where there is no day- 
light available as the fill-in light. An additional 
backlight effect can be obtained by using a 
mirror from the rear of the model to reflect 
back the main light as an effect light, to illu- 
minate the hair or the contours of the face. 

So that even a single lamp offers a selection 
of lighting arrangements by which good por- 
traits may be made. 

Two Lamps. When there are two lamps avail- 
able, one is used as the main light, and the 
other as the fill-in or general light. If there is 
some daylight available but not enough to light 
up the shadows, the second lamp may be used 
to augment it. If the daylight in the room is 
strong enough to provide all the general 
lighting, the second lamp may be used as an 
effect light placed behind the model and a little 
to one side so that the light comes more or less 
towards the camera. 

The second lamp may also be used for 
illuminating the background, being placed so 
that it shines from behind the model on to the 
wall. It may equally serve as a combined effect 
and background light. This is done by 
placing the lamp a little behind the sitter as it 
would be if it were serving as a background 
light but turned slightly towards the sitter so 
that part of its rays outline the model’s head 
and part fall on the background at a slant. 
Three Lamps. When three lamps are available 
it is usual to employ one as the modelling light, 
one as the fill-in or general light in the absence 
of daylight, and the third as a background 
light or to backlight the model. This lamp may 
also be made to operate as both a background 
and effect light as already described above. 

If there is enough daylight for general 
lighting, the lighting set-up might be: one lamp 
as the main light, the second as an effect light, 
and the third as a background light. Or a 
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double effect lighting might be arranged by 
having a lamp behind the model on each side. 
Or the background might be illuminated by 
having one or both of these effect lamps 
shining partly on the background at a slant. 
Four Lamps. If four lamps are available one 
lamp might serve as the modelling light, the 
second as the fill-in light, the third as the effect 
light, and the fourth as the background light. 
With sufficient daylight for general lighting, 
the fill-in lamp could be dispensed with and 
used as an additional backlight effect. When 
photographing a group of four or five models 
two lamps can often be brought close together 
to provide the modelling light so as to give a 
bigger area of illumination and at the same 
time to cut down the exposure. In this case 
the third lamp could be used as the fill-in or 
general light and the fourth as background 
light or a backlight effect. 

Often one lamp is used as the modelling 
light, one as the effect light on one side, 
another as a fairly high top effect light on the 
other side of the model. This type of lighting 
is particularly useful for lighting up blonde 
hair which has a tendency to come out darker 
than it really is under ordinary front or side 
lighting. The remaining lamp could be used 
for the background, or as the fill-in light. 

Every position and face requires a different 
arrangement of the lamps. If the lamps are 
in a correct position for a full face or three- 
quarter face portrait, they must be readjusted 
if the face is moved to profile position other- 
wise the profile will be too flatly illuminated. 
Lighting the Profile. What has been said above 
applies to full and three-quarter views of the 
face. The profile is best illuminated so that 
the main source of light comes from between 
the profile and the background either illu- 
minating the profile or the contours of the 
profile, or shining across the contours so 
that the near side of the face is illuminated 
with a patch of light and the remainder of the 
face is in deep shadow. 

Flash. Satisfactory portraits can be made with 
flash bulbs. The disadvantage of this form of 
lighting is that unlike half- watt lighting one is 
unable to see the net result of the lighting 
before making the exposure. After some 
actual trials, however, backed by a thorough 
knowledge of half -watt lighting, the photo- 
grapher can predict with certainty the effect of 
any arrangement of flash bulbs. 

Cameras today are mostly sold with an 
attachment for a flash bulb unit on the top or 
the side of the body. This by itself does not 
give satisfactory portrait lighting because it 
produces no shadows, and the result tends to 
be flat. In practice a larger size bulb than 
would be used for flash-on-camera is con- 
nected to an extension lead and used to 
provide the main light. The flash bulbs are, 
in fact, placed more or less where the ordinary 
half -watt lighting would be. 


A broadly diffused general lighting can be 
created by “bouncing” a flash off a white wall 
or ceiling. 

Sunlight. Much good portraiture is done with 
sunlight alone. 

Low angle or slightly diffused sunlight gives 
the best results; high midday sunlight in 
summer is normally too harsh. Fill in light 
for the shadows is given by a white card or 
sheet used as a reflector. A small flash bulb 
may be used to illuminate the heavy shadows, 
but the technique must be used with restraint 
or the shadows become over-illuminated and 
the whole effect of sunshine is lost. 

Flash bulbs are also useful out of doors for 
illuminating the camera side of the subject in 
against-the-light effects. On a dull day a flash 
bulb will give an impression of sunlight out of 
doors if it is fired from above and to the side 
of the subject. 

Diffused Light. Diffused daylight from a 
window, with a white card as a reflector, makes 
a satisfactory lighting set up for portraiture. 
In this case as the light source cannot be 
adjusted, the sitter must be moved into the 
position that gives the most favourable lighting 
angle. If the window has curtains or blinds 
these can be opened or closed to control the 
area and placing of the light falling on the 
sitter. 

When a white card is used as a reflector 
either indoors or out of doors it is important 
not to bring it so close that the depth of the 
shadows is destroyed by too much reflection or 
the result will look unbalanced. A.M. 


TECHNIQUE 

When the subject has been posed and the 
most suitable lighting arranged, the final 
important phase is the actual technique of 
producing the photograph. 

Camera. Studio cameras are usually half or 
whole plate size with a square bellows of long 
extension, allowing lenses of long focal length 
to be used, and a ground glass screen on which 
to compose the picture. The back of the camera 
should have side and back-swing movements. 
The lenses can be from 12 to 20 ins. focal 
length; used on a quarter- or half -plate they 
give a head and shoulders portrait to fill the 
frame without going too close to the subject, 
thus avoiding distortion. The relatively small 
depth of field of these long focus lenses requires 
a stop of / 5-6 to /II to give good definition 
on important parts of the subject. 

A really solid studio stand is necessary to 
hold the weight of this type of camera and 
lens. It should be either of the central pillar 
type with a platform on top, or have a platform 
mounted between two vertical columns. The 
stand should be designed to allow the camera 
to be tilted, raised and lowered, and the whole 
apparatus should move easily on castors. The 
shutter is often behind the lens and should be 
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silent. It is usually operated by a bulb and the 
photographer judges the exposure, although 
some makes can be pre-set to give the required 
exposure automatically. 

Many successful photographers of children 
use a studio camera, but for this purpose the 
miniature or miniature reflex camera with 
quick focusing and automatic film transport is 
a very suitable instrument. The mobility and 
unobtrusiveness of the smaller camera enable 
the photographer to secure pictures with a 
spontaneous, unposed look. Excellent portraits 
of adults can also be taken with a miniature, 
using a long focus lens for close-ups. 

Focusing. In the early days of portraiture 
lenses of the Petzval type, which gave soft 
definition except in the centre of the field, made 
it necessary to focus on the eyes, nose and 
mouth, leaving the rest of the head softly 
defined. This gave a pleasant effect of round- 
ness, and present-day photographers using an 
anastigmat do this by selective focusing at a 
stop that avoids too great a depth of field. The 
ability of the modem anastigmat lens to give 
critical definition and show the texture of the 
skin and every line and wrinkle is exploited by 
some photographers to achieve a more literal 
and realistic treatment. 

Negative. The miniature camera uses rolls of 
film, but for the studio camera there is a 
choice of plates or cut film. The latter has many 
advantages, being lighter, unbreakable, and less 
bulky than plates. Some panchromatic emul- 
sions of high speed in artificial light, owing to 
their great red sensitivity, make the skin look 
like plaster, the lips pale and blue eyes un- 
naturally dark. A film of medium speed gives 
better flesh tones and finer grain. 

Over-lighting, over-exposure and over- 
development are the enemies of good modelling. 


After a suitable balance of lighting has been 
secured by a few trials, the production of a good 
negative should present no difficulties, so long 
as exposures are kept within fairly narrow 
limits and the time and temperature of develop- 
ment are standardized. 

A good negative is the halfway stage in 
making a print of fine quality. 

Retouching. As some retouching is necessary 
in professional studio portraits, the image of 
the head should be at least 1 £ to 2 ins. high. The 
once popular smooth, empty faces with all 
lines of character removed are fortunately rare 
now, and many of the best modern portraits 
are made from unretouched negatives. 

Print. The key of the picture, high or low, and 
the contrast, soft or bold, in relation to the 
type of sitter and the depth of print are impor- 
tant factors that can be altered to control the 
final result. The size and position of the 
image on the enlarging easel and the final 
trimming of the print can be used to vary the 
composition. A successful portrait, however, is 
a work of art and not merely of technique, so 
that it is not possible to lay down set rules on 
the subject. The nature of the subject and the 
individual taste of the photographer should 
decide the treatment. H.J.Wi. 

See also: Babies; Children; Close-ups; High key; 
Lighting equipment; Lighting the subject; Low key; Make- 
up for photography; Portrait attachment; Portrait lenses; 
Portrait series; Portrait studio; Portrait studio camera; 
Portraiture at home; Portraiture outdoors. 

Books: All About Portraits, by H. van Wadenoyen 
(London); All About Portraits In Colour , by G. Wells 
(London); All About Taking Children in Colour , by G. 
Wells (London); Erith on Portraiture, by J. Erith (Lon- 
don); Faces Before My Camera, by A. Morath (London); 
Group Photography, by G. Catling (London); Photo- 
graphic Portraiture, by H. J. Williams (London); Lighting 
for Portraiture, by W. Nurnberg (London); Wedding 
Photography, by G. Catling (London). 


PORTRAITURE AT HOME 


Today, when fast emulsions have made por- 
traits of people by ordinary room lighting a 
simple matter, the possibilities of this method 
of approach are not commonly realized. So 
many photographers nowadays think that a 
portrait cannot be really effective without 
elaborate lighting effects in a proper studio. 
Yet it is in their homes that people and children 
are to be found in their most characteristic 
activities and intimate moods. It is there that 
we get the authentic background that gives the 
key to their interests and outlook. The com- 
fortable lived-in room, too often looked upon 
as merely a poor makeshift studio, is an infinitely 
better place for making true character studies 
than a studio can ever be. It should be left as 
far as possible undisturbed; to rearrange it is 
to destroy its authenticity. 

The Best Camera. The camera must be quick in 
action and have a reasonably fast lens — / 3-5 


at least — and a fair selection of shutter speeds, 
the slower ones being especially desirable. The 
more foolproof and automatic the camera is 
the better, so that more attention can be given 
to the subject. Quick and easy focusing is most 
important, especially for fairly close-up pictures 
of moving children ; and portability, so that the 
level and angle of approach can be rapidly 
changed. Therefore a small reflex or coupled 
rangefinder camera is indicated. 

Coupled rangefinder cameras with inter- 
changeable lenses would seem the ideal, but, 
f or taking moving subjects at fairly close range, 
many people claim that a focusing screen is 
quicker. Again, the eye-level position makes the 
camera more conspicuous and alarming than 
one held more casually at a lower level. Also, 
with a camera held to the face, it is difficult to 
converse with the sitter; with a reflex it is easy 
and also possible to take unexpected shots. 
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DAYLIGHT INDOORS. Left: The light is often better in an upstairs room, as there is less obstruction from trees, etc., outside the 
window. Centre left: The farther the subject is from the window, the less light reaches it. The lighting also becomes softer. Centre 
right: The lower part of the room receives more light thanthetop—an important point when taking full-length portraits. Right: A 
reflector is usually desirable for indoor shots so that the light is well distributed and is not too contrasty. 


Camera Stand. The use of some form of sup- 
port is often necessary when the lighting is too 
weak for fast exposure. This is unfortunate, 
because it makes the small camera almost as 
immobile as the traditional studio outfit. 

The perfect camera stand does not exist; the 
nearest thing is the tripod with adjustable 
centre pillar, although this does not come down 
low enough for taking children at their own 
level on the floor. 

Something home-made is generally ' the 
answer — e.g., a broomstick firmly held in a 
heavy base and fitted with a small sliding and 
tilting platform, held at the desired level by a 
suitable screw-clamp. 

Lights and Reflectors. Though it is always wise 
to make the best of the existing lighting in 
order to preserve natural atmosphere, it will 
often be necessary to amplify or modify it 
considerably. To be prepared for all emergen- 
cies some sort of portable reflector is needed, a 
few Photofloods for use in ordinary light 
sockets, and one or two larger lamps on adjust- 
able stands (with plenty of flex). 

A synchro-flash outfit that can be used at 
some distance from the camera is another satis- 
factory type of light source. 

The portable reflector need not be large — if 
it is it gets in the way; a piece of white oil- 
cloth such as is used for table tops is very 
suitable. It should be about 3x4 feet, attached 
to two laths so that it can be rolled up when 
not in use; there should be some sort of 
collapsible stand to hang it on. It is an advant- 
age to have some arrangement for holding the 
reflector at an angle. 

Reflectors are easy to improvise, e.g., from 
a folding screen or clothes-horse with a white 
sheet draped over it. 

Mirrors give a more directional lighting and 
are especially useful for backlighting effects; a 
suitable tilting mirror can be found in almost 
any house. 

Portable lamps should have heavy bases so 
that they are not easily knocked over. The flex 
should either go through a hook or eye at the 
base, or be suspended overhead and clipped or 
hooked on to the picture rail or some other 


suitable anchorage. One lamp should pre- 
ferably have a fairly large matt reflector, 
fitted with some form of detachable diffusing 
screen; the other reflector can be smaller and 
have a polished surface to provide a sharper, 
more concentrated light. 

Flash has obvious advantages: it is powerful 
and portable. The disadvantage is that its 
effect cannot be studied beforehand and the 
result may show unpleasant surprises in the 
way of cast shadows and glaring reflections in 
spectacle lenses and other polished articles. 
Also, in its most common form — i.e., per- 
manently attached to the camera — it gives a 
low flat lighting that tends to destroy modelling. 

Perhaps the most useful method of employ- 
ing flash in at-home portraiture is to bounce it 
from wall or ceiling. This floods the whole 
scene with soft secondary light which brings 
out shadow detail that would otherwise be lost. 

A similar effect, though hardly as good, can 
be got by heavily diffusing the light with, say, 
a couple of handkerchiefs. This device is also 
useful with flash-on-camera as a method cf 
controlling light intensity to get the right 
balance with the rest of the lighting. 

General Lighting. It is better to look for an 
appropriate natural setting first and then decide 
if it is getting enough light for reasonably short 
exposures rather than to look for a setting 
where the light is right. There is no such thing 
as right lighting or wrong lighting in the 
absolute sense; any kind of lighting may be 
suitable in that it may be appropriate to the 
general scene and part of its mood or atmos- 
phere, although it will not necessarily be possible 
to take photographs by it. However, with a 
fairly static subject it should be possible to 
catch the sitter with a characteristic pose and 
expression quite easily at 1/10 second or per- 
haps even f second. 

When exposures must be short, the best thing 
is to look for light places — i.e., light rooms 
with the more high windows the better. (If 
they are in more than one wall, better still, for 
this will make it possible to get interesting 
cross-lighting effects.) Upstairs rooms are 
often better than lower rooms, where the light 
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THE LICHT FROM ONE WINDOW. I. With the window more or less central in the wall, the sitter should be Co one side of it, 
mo:: rrPcetor on the shadow side. 2. Dead front lighting yields Pat results ; Che more the camera moves round, the more 
:r':-n becomes visible, until behind the subject the comero sees only a silhouette outlined by light. 3. A mirror behind the sitter 
■ jc: iike a second window. A. The mirror can be placed Co provide secondary side lighting. 


is apt to be obstructed by trees or buildings. 

. ;nr-tor.ed walls are to be preferred because 
they reflect a soft light throughout the room, 
whereas dark surfaces absorb light, and make 
ior heavy shadows, long exposures and con- 
trasty lighting. 

The lightest place is always on the floor near 
the winoow and this is the ideal spot for taking 
cniidren at play. But the light weakens rapidly 
as you move away in the room and it also be- 
comes softer in character — i.e.. the boundary 
between light and shadow becomes less marked. 
The upper part of the room always receives 
less light than the lower and this has to be 
borne in mind when taking grown-ups at full 
length, for, unless they are close to the window, 
the feet will get noticeably more illumination 
than the head. All this can be easily checked 
with an exposure meter. 

"Abiffi Lighting. When using electric lamps and 
daylight together it should be remembered 
that, though to the eye the artificial lighting 
may apppear the stronger, the daylight may 
have the greater effect on the film. The result 
of any particular combination can only be 
foretold h‘ practice. Judgement is easier if the 
excess of reel -sk' v.’liow, which causes the 
lamp-light to lO'r-'r. ' so strong to the eye, is 
held back a little :y a pale blue filter in front 
of the lane A orcle of pale blue gelatin 
(described ns “daylight blue”) such as is fixed 



on stage lights in the theatre can be used. It 
should be large enough to cut out the direct 
light from the bulb, but should not fit flush 
over the lamp reflector or it will over-heat. 

The comparative values of artificial light 
and daylight can be worked out by means of 
tables and an exposure meter, but in practice 
past experience will be found the best guide. 
Sunlight Indoors. Sunlight effects indoors look 
most attractive, but the contrast between light 
and shadow is usually so extreme that the film 
cannot handle it unless the shadows are flooded 
with fill-in lighting. It will only very occasion- 
ally be possible to do this with a white reflector 
placed near enough to the subject for it to be 
able both to receive direct sunlight, and reflect 
it in the right direction. Sometimes a mirror 
will provide the right sort of reflection if it can 
be kept out of the sun. Direct sunshine re- 
flected from a mirror would be much too fierce 
and probably also patchy. 

the simplest way out is to supplement the 
fill-in lighting with one or two lamps or, per- 
haps better still, flash. If there is a light wall 
not too far away the flash can probably be 
bounced; if used direct it will have to be a fair 
distance away or suitably diffused. A photo- 
lamp can be used at fairly close range, and pre- 
ferably diffused to avoid too definite secondary 
shadows. T wo, close together, both diff used and 
rather farther away are likely to give an even 



0AY WINDOWS. With the subject actually placed in the bay window, additional lighting effects are possible. I. If positioned to 
one end of the bay, the subject receives a combined front and side light against a window background. 2. Placed in the middle of the 
bo/, the subject is lit by double side lighting. The sitter should not be quite in the middle, or the light becomes too uniformly 
be nnced from both sides. The rePector should be strongly directional as the shadows facing the camera are quite heavy. 
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INDOOR BACKGROUNDS. I. With the subject to one side of the window, taken against the corner of the room, the background 
gets gradually darker and contrasts against the light side of the face. Movement of camera includes more or less of dork rcrner. 
2. If the subject faces the window, the profile will again stand out against the dark wall. 3. If no rePector is available, moving the 
subject farther into the room will soften the lighting, but also increase the exposure required. 


better effect, which will look more like normal 
reflected light. Usually it is best to let the fill-in 
light come from the direction of the camera. 

Exposure should now be set for the sunlight 
and will usually turn out to be very much less 
than might be expected. 

Artificial Light Only. When there is no day- 
light at all, the effect of normal room lighting 
can be achieved by bouncing a soft flood of 
light from walls or ceiling with either lamps or 
flash. If short exposures are required, lamps or 
flash can be used direct and the general balance 
of light corrected by putting small Photofloods 
in the light fittings. This will preserve the 
natural appearance of a room, when using 
artificial lighting only, but care must be taken 
not to make conspicuous shadows and not to 
take away all the characteristic shadowy 
comers. 

Unless Photofloods are used with restraint 
the home atmosphere is bound to go, so 
dramatic or fancy lighting effects should be 
avoided. For adults one lamp will generally be 
enough for the main lighting and a second one 
for shadow illumination. But in a large room it 
is sometimes wise to light up a distant part of 
the scene, which would otherwise come out too 
dark, and so make the subject stand out in per- 
spective. 

Most of the best pictures come from taking 
chances, and accidental effects of lighting often 


prove much more fascinating than those which 
are carefully planned. But it is never a t.ood 
idea to place two lamps at equal distances from 
the subject, so that the one entirely cancels cat 
the shadows cast by the other; this produce*, a 
really ghastly effect. 

Light on the Background. When c..pcrimenuhg 
with the lighting on the sifter and trying various 
camera angles, the changing background should 
be taken into account. From one angle it may 
be the dark comer next to the window, titan 
with a change of camera position a fairly well 
lighted wall comes into view. These variations 
in tone can be exploited, together with various 
items of geography such as the position of 
doors, furniture, pictures, etc., in providing 
suitable background effects. In the shady parts 
details are subdued, in the lighter ones they 
will be more noticeable. Thus the placing of the 
sitter and choice of camera angle can more or 
less determine the emphasis given to the 
features and character of the surroundings. 

Special attention should also be given to the 
effect of each lamp on the background, which 
in a small room may have to be shielded in 
some way from direct light to prevent it from 
becoming conspicuous. 

Furniture and pictures can easily be over- 
stressed and there may be awkward heavy 
masses of shadow or bright reflections from 
polished edges. 





TWO WINDOWS. I. Two windows in the same wall can be used for side-front and side-rear lighting respectively, with the sitter 
between them. 2. If one window is covered with net curtains, it conserve as background and at the same time provide o soft back 
light 3. Two wlndtnvs at right angles can serve as main and flll-ln light. Varying effect s obtainable by camera movement. A. /v'ovc- 
ment of the subject adjusts the relative light on It from the windows. 
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The variations in the tone of the background 
can be largely chosen to suit the effect of light 
on the sitter. A dark corner can be used to 
enhance the effect of strong side lighting, a 
paler tone will go with a more delicate effect, 
and so on. Often the background changes 
gradually as the camera is moved, but some- 
times even a very slight shift may bring in view 
a light patch which may be just what is wanted 
to show up the shadow side of the model. 

There are occasions when the whole setting 
should be clearly and sharply defined in detail, 
but where it has no special value or is positively 
inappropriate it must be played down or com- 
pletely suppressed. Leaving space behind the 
sitter helps to put the background out of focus 
— perhaps the most effective method of sup- 
pression. In this way, when taking a close-up 
portrait, there is no difficulty at all in reducing 
a fussy background to a series of indefinite 
shapes and blobs, which can suggest perspec- 
tive and local atmosphere without really pic- 
turing anything in recognizable form. It is 
helpful if the effect can be studied on a focusing 
screen so that the abstract shapes may be 
arranged to the best advantage, and the lighter 
parts perhaps used to silhouette the contours of 
the subject on the shadow side. A very slight 
change in the angle of approach will often make 
all the difference. 

Managing the Sitter. It is only on rare occasions 
that the subject looks right from the start; 
generally it is necessary to do a certain amount 
of staging. This does not mean starting with a 
rigid preconceived plan, but the subject will 
often have to be pursuaded at least to move to a 
suitable place. 

The methods adopted should be indirect. A 
definite pose should never be asked for; it will 
invariably look wrong. A better approach is. 
“How would it be if you sat there and went 
on with your knitting?” And, obviously, to 
ask for a smile merely results in a self-conscious 
smirk. The only way to get a genuine expres- 
sion, whether amused or serious, is to say some- 
thing appropriate, do something or create 
conditions which will produce spontaneously 
the characteristic subtle tum of the head and 
look in the eyes. 

Speed is necessary once the desired effect has 
been achieved, but the preparatory work should 
be unhurried. The sitter must be made to relax 
first. Unforced conversation helps and an 
intelligent friend, who can make occasional 
appropriate remarks, is the ideal foil. But the 
spectator who makes comments about the 
sitter’s expression, clothing or hair should be 
avoided at all cost. 

Nearly always the best way of achieving 
naturalness is to get the sitter to do something — 
to move rather than just sit. There is no diffi- 
culty with children: they may show a little 
curiosity about the camera at first, but it wears 
off if they are encouraged to play about. The 
photographer should be friendly, and treat 


children as equals, answer their questions 
honestly and, if necessary, let them look into 
the camera. He may even enter into their play, 
although as far as possible he should remain a 
detached observer. Parents can be useful here, 
but not those who fuss about clothes and make 
suggestions at critical moments. 

A small infant can be simply put down in a 
light place; older children can be induced to 
play near the window if they are told quite 
honestly why they are wanted to stay there. 
With a child that has got to the stage where it 
crawls like lightning from one end of the room 
to the other there is nothing for it but to follow 
it round and hope for the best. Patience, an 
easily moved lamp, and constant adjustment of 
shutter or stop are the ingredients of success 
in this branch of at-home portraiture. 

The photographer should never allow his 
sitters to “dress up”, or be dressed up: it will 
make them more than normally self-conscious. 
Ordinary, everyday things that have had some 
wear acquire character of their own and look 
more natural. 

Groups. It is not easy to arrange a group in 
such a way that it does not look posed: the 
only possibility is to bunch the people roughly 
and leave them awhile to relax into something 
approaching naturalness. They should be en- 
couraged to talk or, if there are not too many of 
them, to look at something, play cards, have 
tea — anything at all that breaks the tension. It 
is inevitable that there should be someone 
with his back turned to the camera, but even 
this can add to the natural appearance, and a 
back view can sometimes make a very good 
portrait. It is always wise to take very many 
shots for it is only occasionally that the whole 
group will look just right at the same mo- 
ment. 

Children are on the whole perhaps easier to 
manage; they can often be induced to play 
amicably together for a while, and, if later a 
fight develops, even that may make an excel- 
lent picture. Most trouble arises if the children 
vary greatly in age and interests and one of 
them is at the roving stage. 

It is rarely possible to get satisfactory light- 
ing over a group of more than two or three; 
unless the windows are exceptionally high the 
light will always be uneven. This can be put 
right by augmenting the light source with 
Photofloods or flash. Generally a soft, even 
light, slightly from the side and fairly high, 
will be found best, and it is important to see 
that no member of the group is too much in 
shadow. General diff used shadow illumination 
is almost essential. 

Sharpness. With indoor light it is never possible 
to stop down very much, but lack of depth at 
wide apertures has its advantages when dealing 
with unsuitable backgrounds. But the portrait 
itself need not necessarily have over-sharpness 
either. One part may be emphasized sharply 
and the rest allowed to go more or less out of 
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focus. The out-of -focus image can still be extra- 
ordinarily expressive. 

For instance, in photographing a sitter with 
unusually expressive hands or gestures, the 
hands might be focused sharply with the face 
slightly softer; or the focusing might concen- 
trate on the character of the face and let the 
hands be a mere suggestion to give point to the 
posture or emphasize the rhythm of a move- 
ment. Again, in a close-up head, there is no 
reason why a part should not be allowed to go 
out of focus. This will in fact help to give the 
portrait a three-dimensional quality. Such 
treatment is of course a matter of taste, but it 
should be stressed that over-all sharpness is 
not necessarily always a virtue. 


The other kind of unsharpness due to move- 
ment of the subject itseir often results in sur- 
prisingly live and expressive pictures. Nega- 
tives with blur of this kind should never be 
scrapped without first making a trial print, 
for they may turn out to be more expressive 
than the technically perfect exposures. It is 
always possible that among several blurred 
negatives of a lively child there may be a master- 
piece. The fact that it was obtained by accident 
should make no difference. H.v.W. 

Sec also : Lighting the subject; Portraiture. 

Books: All About Daylight Indoors, by H. van 

Wadcnoyen (London); All About One Lamp Only, by 
H. van Wadenoyen (London); AH About the Second 
Lamp, by H. van Wadenoyen (London); All About 
Children Indoors , by H. van Wadenoyen (London). 


PORTRAITURE OUTDOORS 


Nowadays daylight portraiture has by 
common consent come to mean largely outdoor 
portraiture. With artificial light, the photo- 
grapher has at his disposal a variety of lighting 
effects which he can alter at will; out of doors 
he has to make the best of the existing lighting 
conditions. On the other hand, an infinite 
choice of scene is available in the open and 
there is no end to the outdoor activities which 
provide opportunities for portraying people. 

The vital qualities of outdoor portraits are 
naturalness and simplicity; there must be no 
forced artificial posing. While one may get 
away with such effects in a studio, outdoors 
they become conspicuous and insincere. Be- 
cause of this need for naturalness, outdoor 
portraiture comes quite near to snapshooting 
with the difference that it still needs careful 
planning and technique if it is to be reasonably 
successful. 

None of the fundamental principles of por- 
traiture may be neglected; one must not go 
nearer to the subject than the camera will 
focus, nor take such extreme close-ups with 
supplementary lenses that the features nearest 
the camera, for instance the nose or chin, be- 
come distorted. Arms and legs must not be 
stretched out towards the camera. 


It is important always to give subjects some- 
thing to do even if it is only resting on the sand. 
And their hands should be occupied; they 
should not just stand somewhere with their 
arms dangling helplessly. 

Backgrounds. One sure way to spoil an outdoor 
portrait is by selecting an unsuitable back- 
ground. Unless the background is deliberately 
made part and parcel of the picture, as for 
instance in a portrait taken in a boat or car, 
the subject must be well separated from the 
background. And the background must not 
be f ussy and distracting, nor should it be ugly — 
a gasometer is no setting for a glamorous young 
woman. Trees, bushes and brick walls are 
popular but unsuitable backgrounds. Excep- 
tions are when the sitter is in the sun and the 
background is in the shade. If bushes and 
trees form the background they should be very 
dense and not show patches of sky through the 
leaves and branches; light patches produce 
bright round circles on the print. The subject 
must be placed so that branches and other 
objects do not appear to sprout from the head 
in the finished portrait. 

And when portraying one person, passers-by 
should not be strolling about at random in the 
background. 



OUTDOOR PORTRAITURE. Left: Overcast sky conditions yield very flat results without any modelling, or shadows. Centre: In dull 
weather a flash bulb can simulate the effect of sunshine, and has the advantage that it can come from any direction. Right: Hazy 
sunlight is the ideal lighting for outdoor portraits, as it casts soft shadows without excessive contrasts. 
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FILL-IN LIGHT 0UrC>G0.\5. Left: Strong sun/ifht produces strong shadows and brilliant highlights. The lighting contrast may easily 
become excessive, especially for colour film. Centre: A reflector, such as a white card, casts light into too dark shadows. Right: A 
synchronized flash bulb can also act as fill-in light, and has the advantage of being more mobile and permitting wider light control. 


The best way to get rid of an unsuitable back- 
ground is to take the subject against the sky; 
the outdoor effect is unmistakable and there 
is nothing to mar its simplicity. Other ways are 
to make sure that the background is completely 
out of focus or, with a head and shoulder close- 
up, to trim off the unwanted background alto- 
gether. 

Sunlight. Strong sunlight is a much more con- 
trasty light source than anyone would nor- 
mally employ in a studio. It is unkind to any 
but very youthf ul complexions, and emphasizes 
wrinkles and rough or large-pored skin, simply 
because even the tiniest irregularity throws a 
strong though small shadow. The larger 
shadows thrown by the nose and chin are also 
strong and very dark, and so is the heavy 
shadow caused by a large hat brim. This high 
contrast is greatest when the sun shines from a 
cloudless blue sky and there is little scattered 
light to soften the shadows. 

White clouds in the sky are very efficient 
reflectors and throw an appreciable amount of 
reflected light into the shadow areas, which 
greatly reduces the contrast and gives a more 
pleasing portrait. There is also less contrast 
when the subject is placed in a wide open 
space where reflected light radiates from all 
sides. 

A little light is also reflected from the ground. 
When the subject is standing on dry sand or 
snow, the ground reflects enough light to 
brighten all shadows to an almost ideal degree. 

If nature will not help, some kind of artificial 
reflector must be contrived. It may be possible 
to place the subject near a brightly painted wall. 
While it may not be practicable to carry a 
large, light-coloured board outdoors, a sheet 
of newspaper is perfectly efficient. Its effect 
can be clearly seen and a few experiments 
soon show the correct distance. It should not 
be so near the sitter’s face that it cancels the 
shadows out completely or robs them of their 
modelling effect. 

When the sun is slightly diffused by haze or 
light cloud, the lighting becomes very soft and 
ideal for outdoor portraits; contrast is low and 
shadows become faint and blurred, yet good 
modelling remains. 


Direction of the Light. The position of the sun 
in the sky determines the type of modelling of 
a portrait. Front lighting, that is with the sun 
behind the camera, can be effective with colour 
film but it is too flat with black-and-white 
material. There are no shadows and therefore 
there is no impression of depth. It is also the 
most uncomfortable position for the sitter, 
who will be hard put to keep from squinting 
or peeping through half-closed eyes; children 
certainly cannot be expected to keep a natural 
expression with the sun in their eyes. 

Better modelling as well as less discomfort 
for the sitter is given by the well-known 
45° lighting, that is with the sun still behind 
the camera but very much to one side. It 
also means that the light must shine down 
from above the level of the subject and, al- 
though the sun may be too high or low in the 
sky, a willing sitter can correct this simply with 
a suitable inclination of the head. That may 
even provide a better composition than an 
upright pose. 

A completely all-round variety of lighting 
effects can be produced by portraying the 
sitter lying down — a very natural pose on the 
beach or in a meadow. 

Partial or complete backlighting, with the 
sun more or less behind the sitter, makes for 
beautiful portraits. A rim of light, either 
down the edge of the cheek or in the hair, more 
than makes up for flat lighting of the shaded 
part of the face. The exposure must be cal- 
culated for the shadows. An efficient lens hood 
should in any case always be used; but if 
even that does not prevent the sun from shining 
into the lens with against-the-light shots, it 
may be possible to shoot from the shade of a 
tree or building, or a hat or book can be used 
to shield the lens if it is held high enough not to 
intrude into the picture area. 

Without Sun. Very pleasing portraits can be 
taken without sunlight. In fact, when the sun 
is very strong and there are no means of illu- 
minating the shadows, it is far better to place 
the sitter in open shade, such as that provided 
by a large building. 

The light, although very diffused, will still 
give good modelling. 
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Under a completely overcast sky the light 
becomes altogether too flat because it falls on 
the subject from all sides with almost equal 
strength, giving at the most only a faint 
shadow under the chin. In these conditions the 
sky is not a good background; among other 
drawbacks, irradiation may occur and blur the 
outlines. Portraits taken under a dull sky can be 
given more life and sparkle by printing on a 
hard grade of paper. 

Flash. The compact and in some cases even 
pocketable flash guns, available for use with 
the synchronized shutters of modem cameras, 
provide the best means of overcoming the 
problems set by the existing lighting out of 
doors. 

There are two distinct ways of using flash in 
daylight : to illuminate shadows in strong sun- 
light (fill-in flash), to act as modelling light on 
dull days (synchro-sun). 

In both methods, a lighting ratio of about 
three or four to one between main light and 
shadows should be aimed at for both colour 
and black-and-white films. It is important to be 
quite certain of your personal version of the 
guide number which will depend on your 
working methods, flash reflector, develop- 
ment and the type of negative aimed at. The 
guide numbers given by the flash manufac- 
turers are usually valid for use indoors in 
rooms of average size and with light-coloured 
walls and ceiling. Outdoors it becomes neces- 
sary to apply a smaller guide number, the 
reduction corresponding to one or two stops. 
Fill-in Flash. First find the correct exposure for 
the sunlit subject and set the camera controls 
accordingly, ignoring the flash. The guide 
number then determines the distance f rom the 
subject at which the flash (not necessarily the 
camera) has to be used. 

Dividing the guide number by the stop gives 
the distance at which the flash will exactly 
balance the sunlight, whereas it must contribute 
only one-third. Therefore the guide number 
must be divided, not by the stop used, but by 
the figure corresponding to opening up two 
stops. 

Example: sunlight exposure 1/50 second at 
/ 11. Set the camera controls accordingly. 
Correct guide number: 77. Divide guide number 
by / 5-6 instead of /II (two stops larger), i.e., 
77 4- 5-6 = 14. So the flash must be used at 
14 feet. 

This ratio is correct with black-and-white 
film, but, with colour film which demands 
greater care in exposure, the fact that the flash 
illuminates the sunlit part of the subject as 
well as the shaded part must be compensated 
for by closing the aperture by half a stop for 
absolutely correct exposure. 

If it is inconvenient to set up the flash gun at 
the distance dictated by the guide number, the 
light output can be reduced by hanging one or 
more white handkerchiefs over the bulb. Each 
handkerchief will roughly halve the light. 


Synchro-sun. When using flash to produce the 
effect of sunlight on dull days great care is 
necessary because the background must 
necessarily remain dull and darker than the 
subject. Over-lighting the subject by the flash 
is one of the worst effects of faking in photo- 
graphy, and spoils the picture. A sunlit figure 
in front of a black open background looks un- 
natural, but as long as the correct guide number 
is used the degree of contrast is easily con- 
trollable. 

Even so, in portraits it is preferable to make 
the picture a close-up with little background, or 
take it against the sky. In fact, the slight under- 
exposure of the sky makes it darker (bluer with 
colour film) and therefore a much better back- 
ground. Flash, in effect, can then take the place 
of a filter. 

With this method, the daylight provides the 
fill-in light for the shadows thrown by the flash. 
So first determine the exposure for the existing 
light and set the camera controls accordingly, 
then, to subdue the daylight and achieve the 
necessary contrast, close the aperture by one 
stop. Now divide the guide number by the stop 
in use, and the answer gives the distance of the 
flash from the subject. 

Example: guide number 77. Daylight expo- 
sure 1/50 second at /8. Set camera to 1/50 
second at /II. Divide guide number by stop 
used — i.e., 77 — 1 1 =7. The flash must be 
used at 7 feet. 

The ratio of main to fill-in light here appears 
to be 2 : 1 but this is not so, because the flash is 
additional to the prevailing light. This method, 
while satisfactory with black-and-white film, is 
therefore not so suited to the small latitude 
of colour material, for the absolutely correct 
exposure for the existing light plus the flash is 
difficult to determine. It varies with the quality 
and intensity of the prevailing light. Stopping 
down by half a number is a good average 
allowance to make. 

Blue flash bulbs must be used with colour 
film, but electronic flash is suitable for both 
colour and black-and-white. 

Films and Filters. All films are more or less 
suitable for daylight portraits. Ortho film is 
better for children and girls with good com- 
plexions and not too much lipstick. It gives good 
skin rendering but over-darkens lips and 
blemishes. Pan film is kinder to the not-so- 
perfect complexion. 

When taking portraits against a blue sky, it is 
necessary to darken the sky by means of a filter. 
A blank, white sky makes a very unpleasant 
background. With ortho film a light to medium 
yellow filter should be used ; with pan, a yellow 
or yellow-green. The yellow-green is preferable 
because it gives skin a beautifully smooth and 
sun-tanned appearance. H.W. 

Sec also: Against the light; Daylight ; Portraiture. 

Books: All About Children Outdoors, by H. van 
Wadenoyen (London); All About Portraits, by H. van 
Wadenoyen (London); Outdoor Portraiture, by W. 
Mortensen (San Francisco), 
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PORTUGAL. There is no photographic in- 
dustry in Portugal, nor have Portuguese 
inventors or scientists made any contribution 
to the advancement of photography. A few 
skilled amateurs have designed and constructed 
their own cameras and enlargers, but none of 
their apparatus was intended for sale commer- 
cially. In fact, as recently as 1920, Portuguese 
professional photographers were still preparing 
their own photographic papers. 

Nowadays all photographic apparatus and 
sensitive materials are imported from the 
principal firms in France, Germany, Great 
Britain, Italy, Switzerland and U.S.A. A large 
variety of cameras, accessories and materials 
is thus usually available. 

Popular Interest. Photography is extremely 
popular in Portugal ; it is a favourite hobby with 
many thousands of amateurs. Even in the 
remotest localities roll films are available, and 
this increasing enthusiasm can be attributed to 
the artistic temperament of the Portuguese 
people, combined with the brilliant light and 
the beauty and variety of subjects which the 
country offers. 

Professionals. Portrait photographers are to be 
found in most towns, and in Lisbon several 
workers rival the best foreign photographers in 
this field and have gained international recogni- 
tion. 

Excellent photographic coverage of social, 
sporting and political events is provided by a 
number of professional photographers. Lisbon 
and Oporto are particularly noteworthy for the 
high quality of photographic work performed 
in the scientific, industrial and artistic fields. 
The standard compares favourably with the 
level of achievement in other countries. Evi- 
dence of this fact is provided by some notable 
publications on the fine arts, also by those 
issued by government departments and private 
firms. 

In Portugal as in other countries photo- 
graphy is much used in science and industry, 
particularly in the former. The ministries, 
departments of state and most of the large 
laboratories maintain their own photographic 
departments. 

In industry photography is less widely used, 

« a considerable amount of work is done 
cumentary, record and publicity pur- 
poses. 

The availability of high quality apparatus 
and materials and of the best foreign publica- 
tions, together with the attractive displays in 
dealers’ windows, enables workers to keep 
abreast of the latest developments and at the 
same time educates public taste. Photography 
can be said to have established itself as an 
essential element of the national life. The 
government itself encourages and supports it, 
notably through its tourist services. 

Clubs and Societies. Leading amateurs have 
formed clubs with select membership. The 
following is a list of such clubs, those with the 


largest membership being placed first: Foto- 
Club 6x6 (Lisbon); Grupo Cimara (the 
Camera Group) in Coimbra; Associapflo 
Fotogrifica do Porto (The Photographic 
Association) in Oporto; Gremio PortuguSs de 
Fotografia (the Portuguese Photographic 
Society) in Lisbon; Associapdo Fotogrifica 
de Santar6m (the Photographic Association) 
in Santarem. The first four have an average 
membership of 200. Other clubs are in process 
of formation in other towns, and a general 
increase of membership is to be anticipated in 
the future. 

Exhibitions. In recent years national and 
international exhibitions of considerable merit 
have been held in several Portuguese towns 
under the auspices of the amateur photographic 
clubs, which have done much to improve the 
technical and artistic quality of photographic 
work in Portugal. The average level of work is as 
high as in other countries in the forefront of 
photography, and the Lisbon International 
Salon is recognized as one of the finest in the 
world. There are few photographic year-books 
which do not publish photographs by Portu- 
guese pictorialists, many of whom enjoy an 
international reputation. 

Amateurs and clubs regularly send in both 
individual and collective entries to the best 
international exhibitions held in other coun- 
tries, and high awards have been gained in com- 
petition with leading foreign workers. 

It is interesting to note that, although many 
amateurs are devotees of the modernist schools 
at present in favour, the majority prefer to go 
after typically Portuguese themes, and to treat 
them in the traditional pictorial manner. 
Magazines. Few photographic journals have 
succeeded in maintaining themselves over a 
period of years ; many have ceased publication 
after a short period. In spite of the value of 
such publications, Portuguese photographers 
generally prefer foreign magazines, which are 
superior and are on regular sale in Portugal. 

More than ten years ago several photo- 
graphic magazines were published in Portugal, 
but they were of no more than local interest. 
In the past fifteen years, which was a period of 
increasing expansion of amateur photography, 
greater participation in international exhibi- 
tions and technical progress, the magazine 
Objectiva appeared. It was an excellent publi- 
cation and succeeded in maintaining itself for 
a number of years, performing excellent service 
for amateur photographers. After its dis- 
appearance the magazine Cinema e Fotografia 
de Amadores was published: later came the 
Boletim Mensal do Grupo Camara of Coimbra 
and at the present time the only current publi- 
cation is a small magazine entitled Fotografia, 
which is well produced and has interesting 
articles. A short time ago the first issue of the 
Almanaque Portugues de Fotografia came out 
and was well received by the photographic 
public. A.Pr. 
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POSING. Technique of arranging people to be 
photographed in characteristic or pleasing 
attitudes. 

See alio: Banquets; Glamour ; Groups; Portraiture. 

POSITIVE. In photography, a print or trans- 
parency showing an image composed of light 
(or transparent) and dark (or opaque) areas 
which correspond to the light and shade of the 
original image. In a colour positive, the colours 
of the image correspond to the actual colours 
of the original subject. 

The term positive is also used in electricity 
to define a contact which has a higher potential 
of electromotive force than an associated con- 
tact (the negative). 

POSTCARD. Standard size, 3} x 5J ins., 
of a picture-card for transmission through the 
post. Many millions of such cards are printed 
every year and all makers of sensitized materials 
supply bromide and contact paper either cut 
to this size or in continuous rolls of the correct 
width, and already printed with the standard 
matter on the back. 

See alio : Postcard manufacture ; Sizes and packings. 

POSTCARD MANUFACTURE. A few firms 
specialize in producing photographic postcards; 
these are sold as picture postcards in all the 
principal holiday resorts as well as other places 
of interest. The largest manufacturers can 
turn out close on a million photo postcards 
In a week. 

The photographs are procured by the firm’s 
own staff photographers working to planned 
journeys and on continuous tour from May to 
September. The number of new and replace- 
ment photographs taken in a year depends 
very much on the weather and on features 
like changes in scenery, etc. 

The Negative. The staff photographers work 
with half -plate size field cameras loaded with 
cut film. They send their negatives to head- 
quarters at regular intervals for processing. 
At the factory the negatives are projected for 
detailed examination, and after the best have 
been selected, postcard-sized copy negatives 
are made on film. The o iginal negatives are 
carefully catalogued and filed after the reduced 
negatives have been made. 

The cards are printed from the copy nega- 
tives under modern factory conditions. 

Printing. A typical photographic postcard 
printing plant consists of three main sections: 
the mechanical printing box, the processing 
machine, the cutting-off knife. Usually fourteen 
postcard-size negatives (but sometimes twenty- 
eight smaller ones for sets of views) are fitted 
together in a printing frame which is then 
inserted in the mechanical printing box. On 
the side of this is fixed a 1,000-foot roll of 
special bromide paper, which is mechanically 
fed to the printing frame, brought in contact 


with the negatives and exposed for -03 minute. 
The illumination is by means of sixteen 100 
watt bulbs controlled by rheostat. 

A single grade of printing paper is used for 
all negatives alike, such standardization being 
made possible by printing from the copy nega- 
tives which are exposed and processed to pro- 
duce the opacity range required by the exposure 
scale of the bromide paper. This procedure 
also prevents the original negatives from be- 
coming damaged. 

The exposed paper is next transported to a 
container and from there to the processing 
station. This consists of a series of 120-gallon 
wooden tanks equipped with pipes and con- 
nexions for the supply of water and chemicals, 
and suitable drainage. Four tanks for develop- 
ing, rinsing and fixing are housed in the dark- 
room close by the mechanical printing box. 
Nine washing, bleaching and toning tanks are 
housed in a room with normal daylight illumi- 
nation. 

The tanks are approximately three feet deep 
by two feet wide, and the paper is propelled 
through the machine under and over rollers 
about two and a half feet apart in height, 
driven by an electric motor. 

The paper travels at a speed of fourteen 
sheets of fou teen postcards per minute, and 
this caterpillar-like movement extends over a 
distance of several yards. The temperature in 
the processing tanks is thermostatically con- 
trolled. The dimensions of the tanks and the 
time the paper takes to traverse them are so 
arranged that the whole processing Is carried 
out automatically without a pause and requires 
only one person to supervise it. In one and a 
half hours such a plant can print 1,000 sheets 
of fourteen postcards. 

As the processed paper band leaves the last 
rinsing bath, a woman operator guillotines off 
each sheet of fou teen prints. The cut-up 
sheets, measuring roughly 13 x 25 ins., are 
then glass glazed, after which they are cut into 
single postcards. 

Picture Requirements. Commercial postcard 
printers are always willing to consider the 
work of amateur photographers. Negatives 
should possess good depth of field. Subjects are 
best chosen by considering as a picture just 
what a tourist would readily buy as a souvenir 
of a visit. The view should be above all readily 
recognized as local — i.e., it should always 
include some familiar feature, building or 
landmark associated with the place. G.I.B. 

See also: Processing machines. 

POSTERIZATION. Extreme tone separation 
can produce strong poster-like effects in as 
few as four tones, in which most of the image 
detail is suppressed. 

For pictures in four tones, three separation 
negatives are required. They are processed 
for extreme contrast to give negatives consisting 
of an opaque image on a clear ground — like a 
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silhouette. (Repeated duplication on contrasty 
films or plates may be necessary to produce the 
right type of negative.) 

The Negatives. The highlight negative image 
covers only the highlight areas. 

The medium tone image covers highlight and 
medium tone areas. 

The shadow negative image masks every- 
thing but the deepest shadows. 

The highlight, medium tone, and shadow 
negatives are then printed successively in order 
on the same sheet of printing paper, and in 
exact register, like ordinary tone separation 
negatives. 

Exposing the Print. The exposure through the 
highlight negative is the shortest. It should just 
be long enough to produce a light grey all 
over the test strip, but leaving the extreme high- 
lights white. 

The second exposure through the medium 
tone negative is longer. The image in this case 
protects the highlights and medium tones from 
further exposure, but allows a dark grey tone 
to print over the entire shadow area of the 
picture. 

During the final exposure, the image of the 
shadow negative protects all but the deepest 
shadows, and these print full black once the 
whole print has been developed. 

The final picture, therefore, has four tones: 
white highlights, light grey medium tones, 
dark grey tones, and full black shadows. 

Five tones (including three greys: light grey 
just off white, medium and dark) may be 
obtained in the same way by using a fourth 
separation negative. L.A.M. 

See also: Ton e separation. 

POTASH ALUM. Hardening agent used in 
fixing baths. Full chemical name, potassium 
aluminium sulphate. 

See also: Alum, potash. 

POTASSIUM ALUMINIUM SULPHATE. 
Full chemical name of hardening agent used 
in fixing baths. Also known as potassium or 
potash alum. 

See also: Alum , potash. 

POTASSIUM BICHROMATE. Potassium 
dichromate. Used in chromium intensifier 
and carbon, carbro, and gum-bichromate 
sensitisers. 

Formula and molecular weight: K s Cr,0,; 
294. 

Characteristics: Orange red crystals. 

Solubility: Fairly soluble in water at room 
temperature. Freely soluble in hot water. 

POTASSIUM BROMIDE. Restrainer in 
developers, also in bleachers. 

Formula and molecular weight: KBr; 119. 

Characteristics: Colourless cubical crystals. 

Solubility: Freely soluble in water at room 
temperature. 


POTASSIUM CARBONATE. Alkali in de- 
velopers. 

Formula and molecular weight: K 2 C0 3 ; 
138. 

Characteristics: Very hygroscopic white 
powder. Keeps in well stoppered bottles. 

Solubility: Highly soluble in water at room 
temperature. 

POTASSIUM CHLORIDE. Used in some 
bleachers and sensitizers. 

Formula and molecular weight. KC1; 74-5. 
Characteristics: White crystalline powder. 
Solubility: Freely soluble in water at room 
temperature. 

POTASSIUM CHLOROPLATINITE. Used 
in certain toners and intensifies. 

Formula and molecular weight: K 2 PtCl 4 ; 
415. 

Characteristics : Red crystals. 

Solubility: Very slightly soluble in water. 

POTASSIUM CHROMATE. Used in certain 
toners. 

Formula and molecular weight: K 2 Cr0 4 ; 
194. 

Characteristics: Yellow crystals. 

Solubility: Highly soluble in water at room 
temperature. 

POTASSIUM CHROMIUM SULPHATE. 
Full chemical name of hardening agent used 
in fixing baths. Also known as chrome alum 
by analogy with the chemically related ordinary 
alum. 

Sec also : Alum chrome. 

POTASSIUM CITRATE. Used in many 
toners. 

Formula and molecular weight: K 3 C,H 5 0 7 . 
H t O;324. 

Characteristics: White crystals. 

Solubility: Highly soluble in water. 

POTASSIUM CYANIDE. Used in reducers 
and solvents for silver. 

Formula and molecular weight: KCN; 65 
Characteristics: White lumps. Very poison- 
ous. Must be kept in stoppered bottles to 
prevent deterioration. 

Solubility: Highly soluble in water. Solutions 
smell of bitter almonds. 

POTASSIUM DICHROMATE. Sensitizer 
used in carbro, gum bichromate and other pro- 
cesses. 

See also: Potassium bichromate. 

POTASSIUM FERRICYANIDE. Red prus- 
siate of potash. Used in Farmer’s reducer and 
some bleachers and toners. 

Formula and molecular weight: K a Fe(CN),; 
329. 
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Characteristics: Red crystals, giving an 
intensely yellow solution. Poisonous. 

Solubility: Freely soluble in water at room 
temperature. 

POTASSIUM HYDROXIDE. Caustic potash; 
potassium hydrate. Strong alkali i n developers. 
Formula and molecular weight: KOH; 56. 
Characteristics: White hygroscopic sticks or 
pellets. Both the solid and the solution are 
corrosive. 

Solubility: Highly soluble in water at room 
temperature. 

POTASSIUM IODIDE. Used in certain 
bleachers, reducers and intensifiers. 

Formula and molecular weight: KI; 166. 
Characteristics: White crystals. 

Solubility: Highly soluble in water at room 
temperature. 

POTASSIUM METABISULPHITE. Acidi- 
fying agent in acid fixers and stop baths, pre- 
servative in developers. 

Formula and molecular weight: K 2 S s O;,; 222. 
Characteristics: White crystals. 

Solubility: Freely soluble in water at room 
temperature. 

POTASSIUM OXALATE. Used in certain 
toners. 

Formula and molecular weight: K a (CO t ),. 
H t O; 184. 

Characteristics : White crystals. Poisonous. 
Solubility: Freely soluble in water at room 
temperature. 

POTASSIUM PERMANGANATE. Used in 
reducers, bleachers, stain removers. 

Formula and molecular weight: KMnO,; 
158. 

Characteristics: Violet-black crystals, giving 
an intensely purple solution. 

Solubility: Fairly soluble in water at room 
temperature. 

POTASSIUM PERSULPHATE. Used instead 
of ammonium persulphate in reducers. 

Formula and molecular weight: K,S z O,; 270. 
Characteristics: While powder. 

Solubility: Slightly soluble in water at room 
temperature. 

POTASSIUM PYROSULPHITE. Obsolete 
name for potassium metabisulphite, used as 
an acidifying agent in stop baths, hardeners, 
and fixers, and also as a preservative in certain 
developers. 

POTASSIUM QUADROXALATE. Potassium 
tetroxalate. Used in certain toners. 

Formula and molecular weight: KH(CO,)!. 
H,(C0,),.2H,0; 254. 

Characteristics : White powder. Poisonous. 
Solubility: Fairly soluble in water. 


POTASSIUM SULPHIDE. Liver of sulphur. 
Used in some sulphide toners. 

Formula and molecular weight: K,S; 110. 

Characteristics: When pure, white very 
hygroscopic powder. The commercial liver of 
sulphur contains rather more sulphur than 
suggested by the chemical formula; it is a 
reddish substance. 

Solubility : Highly soluble in water. 

POTASSIUM SULPHOCYANIDE. Potas- 
sium thiocyanate; potassium rhodanate. Addi- 
tion to fine grain developers, also may replace 
ammonium sulphocyanide in gold toners. 

Formula and molecular weight: KCNS; 97. 

Characteristics: White hygroscopic crystals. 
Keep in stoppered bottles. 

Solubility: Highly soluble in water at room 
temperature. 

POTASSIUM TETROXALATE. Constituent 
of certain toning baths. It is a white powder 
which is poisonous. 

Set alto: Potassium quadr oxalate 

POTASSIUM THIOCYANATE. Chemical 
used in fine grain developers and sometimes in 
gold toners . 

See also: Potassium sulphocyanide * 

PRESERVATIVE. Chemical included in a 
developer mainly to protect the developing 
agent in the solution from premature oxidation. 
Sodium Sulphite. The most common preserva- 
tive is sodium sulphite. This is available in two 
forms: powder (anhydrous) and crystals. The 
two are interchangeable in all formulae; one 
part (by weight) of anhydrous sodium sul- 
phite is exactly equivalent to two parts of the 
crystalline salt. The other part is merely water 
combined in the crystals. 

The advantages of using anhydrous sodium 
sulphite are: it dissolves more quickly and 
easily, and it is cheaper than the equivalent 
amount of crystals. 

The disadvantage of the anhydrous salt is 
that any deterioration can only be determined 
by chemical analysis. Sodium sulphite slowly 
changes into sodium sulphate which looks 
much the same as sodium sulphite powder. 
But on sodium sulphite crystals the sulphate 
forms a white deposit which can be seen at 
once. If this deposit is serious, the crystals 
should be quickly rinsed in cold water and 
dried before they are weighed out. This will 
leave pure sodium sulphite only. 

The amount of sodium sulphite used in a 
formula varies with the type of developer. 

Normal negative and positive developers 
contain about 1-4 per cent sodium sulphite in 
the working solution. 

Pyro-metol developers and also special 
tanning formulae may contain as little as 0-05 
per cent, or in some cases none at all. 
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On the other hand, many concentrated fine- 
grain developers contain as much as 10 per 
cent sodium sulphite. 

Other Preservatives. The only other preserva- 
tives of any importance are the bisulphites 
and metabisulphites of sodium and potassium. 
They are freely interchangeable with each other, 
but not always with sodium sulphite. The 
chemically equivalent amounts are as below. 


EQUIVALENTS OF BISULPHITES 


Potassium 
Metabi - 
sulphite 

Sodium 

Metobi- 

sulphite 

Sodium 

Bisulphite 

Sodium 
Sulphite 
( anhyd ) 

100 parts 

86 parts 

94 parts 

1 14 paras 

1 17 parts 

100 parts 

1 1 0 parts 

133 parts 

106 parts 

91 parts 

100 parts 

121 parts 

88 parts 

76 parts 

83 parts 

100 parts 


For most practical purposes the difference 
between the bisulphites and metabisulphites 


can be ignored. The maximum error of about 
1 5 per cent is too small to matter. 

The main difference between sodium sul- 
phite and the bisulphites is that the bisulphites 
are acid in solution, while the sulphite is 
weakly alkaline. Bisulphites are particularly 
useful as preservatives in concentrated devel- 
opers made up in two solutions, e.g., pyro 
developers. One solution contains only develop- 
ing agent and preservative, while the alkali is 
kept separately as the other solution until 
required for use. 

As most developing agents will keep much 
better in acid solution, considerably less bisul- 
phite is needed than the equivalent amount of 
sodium sulphite. The chemical equivalent of 
the bisulphites is less than for sodium sul- 
phite; the practical equivalents are less still. 
As the acid bisulphites reduce the alkalinity of 
the developer, the formula must contain 
enough excess alkali. L.A.M. 


PRESS CAMERA 


While press photographers nowadays may 
use several advanced cameras such as pre- 
cision miniatures, twin lens and single lens 
reflex models, etc., there is a traditional camera 
type specifically associated with press work. This 
is derived from a medium-size folding plate 
camera, and notable features are instant readi- 
ness for action, higher shutter speeds, and a 
considerable degree of versatility to cope with 
any type of subject. 

Negative Material. Press cameras mostly use 
plates or sheet film in suitable holders. The 
usual plate sizes are from 2J x 3i ins. (6x9 
cm.) to 4 x 5 ins. (10 x 12-5 cm.). The 
9 x 12 cm. (34 x 4} ins.) size is particularly 
popular on the Continent. 

The plates or films are mostly carried in 
double plate holders to permit quick changing 
over from one shot to a second one. The expo- 
sures are processed individually — almost a 
“must” for press photography. 

If required roll film holders can be fitted to 
several press cameras for use of roll film 
material. Film packs (in adapters) can also be 
used as an alternative to plates or sheet film. 
Body Construction. The body is usually collap- 
sible, the lens unit being joined to the back by 
bellows. The standard lens may move on 
runners on a f olding baseboard or alternatively 
it may be mounted on an extending lazy-tongs 
system. In either case, positive stops permit 
rapid opening of the camera. Often several 
such stops are provided to cater for the 
different extensions necessary with inter- 
changeable lenses of various focal lengths. 

Press cameras with a folding baseboard may 
incorporate a limited range of camera move- 
ments to cope with unusual subjects requiring 
perspective correction. 


A few cameras of this type have a rigid body; 
this makes for quicker operation but limits the 
use of interchangeable lenses, as well as the 
focusing range. 

On a number of models the back carrying 
the plate holder rotates through 90° or 360* 
to permit upright or horizontal shots without 
changing the grip on the camera. 

The plate holders slide into retaining grooves 
in the back, being interchangeable against a 
ground glass screen. On quite a few modem 
models the ground glass screen remains per- 
manently in position, being held by spring- 
loaded arms. The plate holder then simply 
slides underneath the screen, pushing the 
latter back, for the exposure. This makes in- 
sertion and removal of the plate holders a 
specially rapid operation. 

A leather strap and sometimes a special 
handle, provides a steady grip on the camera. 

An important point is that all exposed metal 
parts must be corrosion proof, since press 
cameras are often used in all kinds of advene 
weather. 

Focusing. Professional press photographen 
habitually estimate the distance of the subject, 
and focus the lens by scale. In experienced 
hands this is the quickest method. 

The focusing movement is usually a rack and 
pinion drive, controlled by a handy knob 
on one or both sides of the camera. The 
focusing scale may be mounted on the base- 
board ; some modem models carry it on the 
body so that it is easily visible from the shoot- 
ing position. 

The folding baseboard type of press camera 
usually provides double bellows extension for 
close-ups and macrophotography with the 
standard or wide angle lens. 


904 



PRE 



PROFESSIONAL PRESS CAMERA. This takes plates or sheet films (o permit individual processing of single exposures. The most 
popular negative sizes range from quarter-plate (3J x 4J ins. or 0 2 x 10-8 cm.) to 4 X 5 ins. (10 x 12-7 cm.). Top left: Camera 
against I in. square grid. Top right: Front view. Bottom: Side view. 

A, rangefinder eyepiece. 8, winding knob for focal plane shutter. C, focal plane shutter speeds. D, coupled rangefinder. 
E, focal plane and diaphragm shutter selector switch (a number of press cameras carry both a focal plane shutter — for the highest 
shutter speeds^and a between-lens shutter which is more versatile for flash synchronization). F, focal plane shutter flash socket. 
G, spring-loaded ground glass screen for rapid insertion of plate holders. H, body release ( for both shutters). I, rangefinder windows. 
J, optical viewfinder. K, wire frame finder. L, lens panel. M, diaphragm shutter. N, lens. O, catch for lens panel. P, carriage lock. 
Q, release linkage. R, rising front control. S, tilt for front standard. T, double ei tension runners. U, focusing knob. V, baseboard. 
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In common with nearly ail plate cameras, 
press models carry a ground glass rear focusing 
screen for accurate focusing. This is not, 
however, used in norma', press work, since 
that method of focusing is much t#o slow for 
rr jst purposes. 

A number of press cameras carry a coupled 
or uncoupled rangefinder mounted on, or built 
into, die body. This again is employed as an 
auxiliary rather than a main means of focusing 
but is very useful in sport and - etion work. In a 
lew crises the rangefinder incorporates a small 
torch bulb powered by u x::cy: this can be 
mod? to project a light beam through each 
ruegefneier window. When the beams meet 
in the subject plane, the convergence is the 
r.-:r - as for rays of light from the subject to 
the rangefinder. That therefore indicates that 
the rangefinder is set to the correct distance 
and provides a useful focusing aid when the 
fight is too poor for more orthodox focusing. 
Viewfinders. The standard finder for most press 
cameras is the traditional full-size wire frame, 
it indicates the field limits reasonably accur- 
ately (some cameras provide a parallax adjust- 
ment) 'i: ! allows the photographer to follow 
rr <!-ni movement in sports and similar subjects 
with certainty. 

■VT.crc the front frame of the finder is fixed 
on the lens panel, the finder automatically com- 
pensates for the change in angle of view (not 
parallax) at close subject distances, and also 
indicates the correct field area with wide angle 
and long focus lenses. This is because the lens 
r-"i has to be rocked back or forward to a 
r e.-/ infinity position, which obviously brings 
the f ront frame nearer to, or farther away from 
t' e rear sight. 

n: nddiiion, several press cameras employ 
accessory or built-in optical finders. On 
advanced camera models such finders may 
feature automatic parallax correction (by a 
mask movement coupled to the focusing 
mechanism), and an adjustable angle of view 
to cope with different lenses. 

Lenses. Most press cameras take interchange- 
able lenses, changing over being effected by the 


use of removaole lens panels. In a camera 
intended for a betwecn-t.ic-icns shutter each 
lens may be mounted in its own shutter. Alter- 
natively, the lens may screw or clip into the 
front of a fixed shutter. 

Certain press models with coupled range- 
finders extend this coupling to a wide angle 
and a long focus lens in addition to the 
standard one. Interchangeable cams adapt the 
rangefinder system to the lens movement. The 
cams may be individually ground to shape to 
allow for small variations in focal length, etc. 
This practice is common with high-precision 
cameras; the camera is once and for all set to 
a particular lens outfit until a completely 
different series of cams is fitted. 

Standard focal lengths range from 4 ins. 
(10 cm.) for the 2i x 3i ins. models up to 
5j ins. (13-8 cm.) for 4 x 5 ins. (10 x 12-7 cm.) 
negatives. 

Shutters. Many press cameras carry a focal 
plane shutter; between-the-lens shutters seem 
to be less popular, but are far from absent. 

The focal plane shutter can yield shorter 
effective exposures (to 1/1000 second) and 
makes lens changing easier. Between-the-lens 
shutters, though rarely exceeding 1 / 500 second 
as top speed, are more convenient to syn- 
chronize with all types of flash bulbs and 
electronic flash at all shutter speeds. The use of 
separate shutters for each lens does, however, 
increase the cost of alternative lenses. 

To utilize the advantages of each type, some 
press cameras carry both a focal plane and a 
between-the-lens shutter. The release may be 
coupled so as to trip either shutter at will. 
Naturally, the between-the-lens shutter must 
be set open (on “Time”) for exposures with the 
focal plane unit, and vice versa. 

Focal plane shutter units are also available 
as accessory attachments for specific models. 

Certain cameras incorporate further refine- 
ments in the form of built-in magnetic syn- 
chronizers complete with a flash gun firing 
circuit and batteries. For flash shots it is only 
necessary to plug into the camera a lamp 
reflector, carrying the bulb. L.A.M. 


PRESS PHOTOGRAPHY. The news photo- 
grapher today is interested in everything and 
everybody. In some newspapers and periodicals 
photographic illustrations occupy as much 
space as the text, and sometimes more. The 
function o; news photography is to keep the 
; iljiic informed of leading events and per- 
sc.afi'i-s i.iraughout the world. 

Sources. News photographs fall into three 
categories — those taken by newspaper and 
periodical photographers, those taken by big 
agencies which have representatives in every 
•rr of r he globe, and (in most countries) 
i o taken by small agencies, free-lances, and 


Of these the main supply of news photo- 
graphs of international and general interest 
comes from the big agencies. They employ a 
number of photographers, some of whom, like 
many newspaper correspondents, live in the 
countries in which they operate; others are 
continually moving from place to place. 
Together, these photographers cover every 
happening of outstanding interest. The more 
important of their pictures are as a rule sent 
to the capitals of the world by radio or by wire ; 
they are then “piped” or retransmitted simul- 
taneously to newspaper and agency offices in 
other cities and towns. This system is very 
highly developed in the United States. Photo- 
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graphs not of the first importance are sent by 
air freight or air mail. 

Newspapers employ much the same methods, 
but their operations are usually limited to 
places where important stories have broken. 
Today the newspapers tend to employ their 
own photographers on events comparatively 
near home, and to rely on the big agencies for 
international news. The difficulty and expense 
of complete coverage are so great that no 
individual newspaper can compete with the 
agencies in this field. The mass of photographs 
produced by the small agency, the freelance 
and the amateur help to fill a considerable 
amount of space in publications of all kinds. 
But the pictures from domestic sources, in 
whatever country they are taken, are usually 
of no more than local interest. Only amateurs 
who have the good fortune to be engaged in 
foreign expeditions, or to be present on some 
important occasion, or who have similar 
special opportunities, can hope to secure photo- 
graphs of any real news value. 

Publication of the news photographs from 
these various sources is shared by the daily 
and Sunday papers and periodicals. It is 
probable that the periodical press now devotes 
more space to illustrations than do the news- 
papers. The requirements differ: newspapers 
will give one or two pictures to a subject, but a 
periodical will frequently spread a subject over 
several pages, perhaps using as many as twenty 
pictures. 

Equipment. This variation in presentation of a 
story may call for more than one type of equip- 
ment. In general, the larger press camera is 
more popular for daily newspaper work and 
the smaller sires for series or sets of photo- 
graphs for periodical publications. 4x5 ins. 
and 9 x 12 cm. press cameras are still very 
popular with newspaper and agency photo- 
graphers. They are usually loaded with pan- 
chromatic plates or cut film, and are fitted 
with Hash bulb or electronic flash equipment 
(which gives a much faster speed). When series 
of photographs are in demand for periodical 
work, 35 mm. or roll film cameras are more 
suitable. Colour news photography is well 
established for periodical publications and 
some Sunday newspapers in the United States. 

News subjects cover such a great range 
that both newspapers and agencies must be 
equipped with a wide variety of apparatus from 
copying cameras to special telephoto cameras 
equipped with lenses up to 60 ins. focal length. 
Television wire and radio and receiving instru- 
ments and portable transmitters are also in 
general use in the bigger offices. The latter 
instruments are usually operated by trained 
telegraphists who work in the newspaper or 
agency offices and accompany the photo- 
graphers on their assignments. Satisfactory 
reproductions are made even though the 
picture may be broken both by the television 
signal and by the half-tone screen. In addition. 


many agencies and newspapers have studu.-.. 
in which fashion and other subjects are photo- 
graphed for editorial features. 

Speed is necessarily the main control '1:13 
factor in the production of newspaper 
trations, and though the results of v 
radio transmissions can be excellent. i f - 
often have to be rushed to such an ex. 
quality is lost. 

Reproduction. Glossy bromide papers a.o ; 
for newspaper half-tone reproduction. Tu. 
printer aims at turning out reasonably strong, 
well-balanced prints to reduce time spent in 
retouching. Even so, all newspaper process 
departments employ artist retouchers to em- 
phasize or tone down parts of the picture as 
required by the blockmaker. Retouching is 
necessary because of the loss caused by the use 
of relatively coarse half-tone screens of sixty 
to seventy lines to the inch (which produce the 
dot formation in the reproduction) and bv 
hurried printing on poor paper. This cues not 
apply in the same degree to periodic.! printing. 
Here some retouching is necessary, but the 
finer screens used and better quality paper 
ensure a more faithful reproduction of the 
original photograph. In photogravure printing 
the retouching is usually done on the positives 
after the original photographs have been 
copied. But whatever the process, the better 
the original print the better the result. 

The electronic “block-making” process, in 
which the printing surface is cut in plastic, 
calls for a strong print. In principle this process 
is similar to that employed for transmitting 
photographs by wire or radio. The various 
tones of the picture are scanned by a beam cf 
light transmitted through a photo-electric cell, 
which operates a stylus. The stylus cuts or 
bums the plastic and builds up a pattern cf 
dots similar to that formed by the half-tone 
screen. 

Restrictions and Censorship. Freedom to photo- 
graph varies in different countries. In Great 
Britain photography is not allowed in any court 
of law, or in the Houses of Parliament wften 
they are sitting. 

Press photography is restricted at functions 
when royalty is present, or wherever lack of 
space prevents more than a limited number of 
photographers from working together at the 
same time. To ensure fairness of representation 
a rota system of permits, in which newspapers 
and agencies share, is in operation in Great 
Britain. In London the system is administered 
by the Newspaper Proprietors Association, 
whose secretary, with the advice of representa- 
tives of the various concerns interested, allo- 
cates permits in rotation from the list of 
applicants. On the very few occasions wtien 
only one photographer is allowed, the pictures 
are pooled aDd made available to all publica- 
tions. 

Press photographers have in general a great 
deal of freedom. In London the majority hold 
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a Press card, carrying a portrait of the photo- 
grapher, issued by Scotland Yard. In the 
United States press photographers are still 
less restricted, and photography is permitted 
even In courts of law, the Senate, and the House 
of Representatives. The press photographer is 
allowed considerable freedom in the countries 
of Western Europe, though special permits are 
necessary for important indoor functions. In 
Great Britain there is little in the way of cen- 
sorship in peacetime; the exceptions are new 
aircraft, new weapons, and new naval equip- 
ment, but these are rarely visible to the press 
or public. Sometimes during naval exercises 
the Admiralty ask that all pictures taken by the 
press shall be submitted to be passed by the 
Naval Censor, but it is unusual for a photo- 
graph to be stopped. 

Other photographs which may be classed in 
the category of news are those supplied to the 
press generally by the press or public relations’ 
officers of business firms, the big industries, 
film companies, the entertainment world, 
transport companies, travel agents, and other 
bodies. These sources usually offer the pictures 
of their activities for reproduction without fee 
in return for the publicity. U.V.B. 

See also: Freelance photography ; Magazine photography; 
Photo journalism; Phototelegraphy; Press camera; 
Reproduction quality. 

Books: How to Take Photographs that Editors will Buy , 
by R. Spillman (London); Kemsley Manual of Journalism 
(London); My Way With the Miniature , by L. Vining 
(London); Photography as a Career (London). 

PRETSCH, PAUL, 1 808-73. Austrian printer, 
photographer and photomechanical inventor. 
Lived in England (1854-63) and in Vienna. 
Invented in 1854 photogalvanography (photo- 
galvanographic printing plates from gelatin 
reliefs), in 1855 the rotogravure printing (of 
textiles), and in 1856 the preparation of daguer- 
reotypes for printing by spray etching. 

PRICES OF COMMERCIAL PHOTO- 
GRAPHS. Shrewd and careful pricing of 
photographic work is essential to the success of 
a commercial, industrial or portrait studio. The 
real danger is in fixing charges too low through 
not making a proper assessment of the costs 
involved. But the making of photographs is 
largely a manufacturing process and is subject 
to detailed costing like any other industry. 

Costs can be divided under two headings: 

(1) Photographic materials — plates and films, 
chemicals, printing papers, mounts, mounting 
tissue, frames, colouring. 

(2) Non-photographic expenses — proprie- 

tor’s salary, staff wages, rent and rates, in- 
surances, services (gas, electricity, water, tele- 
phone), depreciation of equipment and repairs, 
advertising, stationery, packing and postage, 
professional fees, transport, trade expenses, 
bank charges. 

The percentage of the turnover to be allo- 
cated to each of these items varies considerably 


with the type of business, commercial or por- 
traiture. 

Commercial Photography. A large percentage of 
the over-all expenses is taken up by such items 
as models’ fees, extensive fabricated scenery, 
travelling, and the transport of heavy equip- 
ment. Time is also a big factor; not only the 
actual time spent operating the camera, but 
also waiting time. In some industries this is so 
great that the photographer may find it best to 
charge a daily rate for his services irrespective 
of how many photographs are taken; this is 
preferable to trying to assess charges on a cost 
per photograph basis. 

For normal commissions the British Institute 
of Photographers recommended in 1950 a scale 
of charges. 

COMMERCIAL PHOTOGRAPHY CHARGES 

Service Charge 

£ a. d. 

Photographing 

Attending premises within a radius of five miles, 
taking one photograph and supplying one finished 


print ... ... 2 2 0 

Subsequent views up to five taken on same 

visit, with one finished print of each I 10 0 

Subsequent views after the first five with one 

finished print of each ... ISO 

Supplying additional prints and slides 

x 6^ ins. or smaller ... ... ... ... 3 6 

6} x B} ins. 4 0 

0x10 ins 5 0 

10 x 12 ins 6 6 

12 x I S ins. ... B 6 

16 x 20 ins 15 0 

Over 16 x 20 ins., per square foot ... ... 7 6 

2x2 ins. or 31 x 3i ins. slides 5 0 


In addition to these, the photographer may 
make the following extra charges : 

(1) Models’ fees at cost, plus a percentage to 
cover overheads. 

(2) Substantial fee for use of photograph for 
a poster. 

(3) Fee to cover hiring charge of properties, 
or use of properties if belonging to photo- 
grapher, plus percentage to cover overheads. 

(4) Charge for operator’s travelling time on 
outdoor work beyond a five mile radius of 
studio, plus 100 per cent to allow for unpro- 
ductive time. 

(5) Operator’s hotel and travelling expenses 
at cost. 

(6) Charge for delays caused by customer 
and not expected at time order accepted, on 
basis of time lost plus 100 per cent. 

Further points are that in cases where addi- 
tional expense has been incurred owing to work 
having to be done at abnormal times, a higher 
rate should be charged to recover the extra 
costs. Also an original negative should not be 
lent, but a copy negative made for this purpose, 
invoiced as for total surrender and credited on 
its return less any charge which may be agreed. 
And if prints of stock negatives are supplied to 
publishers, advertising agencies, art studios, 
printers, etc., for possible selection, these 
should be invoiced out and credited on return. 
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Colour Photographs. Professional photo- 
graphers who supply colour photographs, either 
as transparencies or prints, for advertising and 
reproduction, etc., are under no illusion as to 
the technical problems encountered arising 
from the client requiring faithful colour 
rendering of his subject and from the lack of 
latitude and other properties peculiar only to 
colour materials. 

As a result of these restrictions and the com- 
paratively high cost of materials, charges for 
all forms of colour photography should be 
considerably higher than for blacic-and-white 
work. The charges recommended by the I.B.P., 
for simple, straightforward record work range 
from 5 to 15 guineas per transparency and 
from 15 to 30 guineas per colour print, accord- 
ing to size and location. Charges for creative 
and scientifically accurate colour photography, 
and with models, should be correspondingly 
higher, especially to allow for the extra dark- 
room work involved and it is impossible to lay 
down specific recommendations for work in 
these highly specialized fields. 

Portraiture. Compared to the commercial 
photographer, the portrait photographer con- 
centrating on studio work spends relatively 
little on advertising, travelling, wages and 
postage, and has an easier task in assessing 
costs and prices. 

Prevailing charges are by no means as stable 
over the country as those for commercial work 
and variations can be observed depending on 
the type of district in which the studio is 
situated. 

The following examples give some idea of the 
charges made: 

(1) A seaside town in Essex, two towns on 
the south coast and a large town in the south- 
west: sitting fee, two to four proofs supplied, 
10s. 6d. single figures, 15s. groups. Portraits, 
from 5s. for 3 x 4 ins. to £1. Is. for 8 x 10 ins. 

(2) London, two seaside towns on the south 
coast, a small town in the south-east, a small 
seaside town in the south-west and a large 
town in the Midlands: minimum charge pay- 
able at the time of the sitting — 3 guineas in- 
cluding sitting, submission of proofs and one 
finished portrait any size up to 9 x 11 ins., 
or one 6x8 ins., or three 6x8 ins., or two 
4x6 ins. 

(3) I^pndon outskirts, a fairly large seaside 
town in the west, a small provincial town in the 
south-west and a south-west port: minimum 
charge payable at the time of the sitting — 2 
guineas including sitting, submission of proofs 
and three 6x8 ins. finished portraits, or four 
4 x 6 ins. 

(4) A seaside town in the south-west, a town 
in Kent and Northern Ireland : sitting and one 
6x8 ins. print, 1 guinea; three copies 2i 
guineas. Sitting and one 4x6 ins. print, 
15s.; three copies 2 guineas. Deposit payable at 
time of sitting and afterwards deducted from 
order. 


PR1 

I.B.P. Guide to Prices. For further assistance 
with this complex question of pricing the photo- 
grapher is referred to the Institute of British 
Photographers which in 1950 issued a Guide to 
Prices listing the minimum charges for com- 
mercial and industrial photography. This gives 
general notes on the methods of charging and 
six price schedules as follows: 

(1) Interior or exterior work away from the 
studio (monochrome). 

(2) Prices recommended for photographs 
taken (for example on a tour of inspection) 
when a considerable number of people will 
require copies. 

(3) Work in studio (monochrome). 

(4) Copying. 

(5) Price list of additional prints and slides. 

(6) Colour photography. 

Prices in the U.S.A. Costing and determination 
of prices run along similar lines to British 
practice, though the expenses, wages, and 
salaries are of course different. 

Typical figures for an average small com- 
mercial job are $25 to $35 with one 8 x 10 ins. 
print; additional prints being charged at $1 
each. Portraits run from $25 with one 8x10 
ins. print, with additional prints from $2.50 
each. Average colour jobs cost around $100, 
and additional 8 x 10 ins. prints from $10 
each. J.B1. 

See also: Costing; Reproduction fees; Selling photo- 
graphs. 

Book: Business of Photography, by C. Abd (London) 

PRIMARY COLOURS. Three main colour 
bands each covering about one-third of the 
visible spectrum (blue, green, and red) which 
on additive mixing will produce white. Theore- 
tically, any colour can be obtained by suitable 
combination of the three primary colours only. 

See also: Colour synthesis. 

PRIMULINE PROCESS. Alternative name 
for the diazotype process, by which an image 
could be printed on to a variety of supports 
(e.g., fabrics, paper). 

PRIMULINE YELLOW. Bright yellow ani- 
line dye used in diazotype printing. It is used 
in preparing the sensitized support. 

See also: Fabric printing; Obsolete printing processes. 

PRINCIPAL AXIS. Straight line about which 
a lens is symmetrical — i.e., the line passing 
through the centres of curvature of all the 
lens elements, and normal to all plane surfaces. 

PRINCIPAL LIGHT. Source of subject lighting 
which creates the dominating highlights and 
shadows on the subject. This is the light that 
gives the basic impression of relief, or round- 
ness, to the subject. If there is no principal 
light the subject is apt to appear flat and lacking 
in three-dimensional form. 
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In daylight, the principal light is the sun. 
This is the most usual and natural form of 
lighting, so when an orthodox photograph is 
taken with artificial lighting it is usual to place 
the principal light more or less above the 
subject to produce the same effect. 

See also: Lighting the subject. 

PRINCIPAL PLANES. Term in optics re- 
ferring to planes passing through the nodal 
points of a lens at right angles to its optical 
axis. 

PRINT. In photography, a positive image 
created on a prepared surface — generally 
paper — by the agency of a photographic 
negative. 

More than one print can be produced in this 
way from the same negative, and the positive 
image may be created by photographic means 
or it may involve physical or chemical effects. 

Sec also: Printing materials. 

PRINT FINISHING. Term for all the various 
non-photographic operations carried out on 
the print after it has been processed and 
washed. The finishing operations are intended 
to improve the appearance of the print and 
present it in a form which makes the most of 
its qualities. 

The methods in common use are : 

(1) Spotting with opaque pigment or dye to 
obliterate white spots or scratches due to dust, 
air bubbles, etc. 

(2) Knifing away black spots to convert 
them into white marks which can then be 
spotted out. 

(3) Retouching with artists’ brushes or with 
an airbrush to emphasize or subdue outlines or 
whole areas of tone. 

(4) Building up density by handwork with 
either oil pigment or graphite powder. 

(5) Colouring by hand with oil pigments, 
water colours or coloured dyes. 

(6) Doping or waxing to subdue broken 
reflections from the surface of the paper and so 
deepen the dark tones of the picture. 

(7) Glazing by which a paper with a glossy 
surface is given a still higher glaze by squeegee- 
ing it while wet into contact with a highly 
polished glass or metal surface. 

(8) Trimming the edges of the print to 
remove distracting detail and give better 
balance to the composition. 

(9) Mounting the print on a support to give 
it importance and to protect its edges from 
injury. 

(10) Framing to isolate the photograph 
from its surroundings and prevent the atten- 
tion of the observer from straying away. F.P. 

See also: Air brush; Colouring prints: Doping prints; 
Framing photographs ; Glazing; Mounting prints; Oil 
reinforcement; Retouching; Trimmers; Waxing prints. 

Books: All About Print Finishing, by R. M. Fanstone 
(London); Retouching, by O. R. Croy (London). 


PRINTING. Process by which an image is 
made by exposing sensitized material to light 
passing through a negative or positive trans- 
parency. This exposure is made either with the 
negative in contact with the sensitized material 
(contact printing) or by projecting an image of 
the negative on to the material (projection 
printing). Because it is usually intended to 
give an enlarged image projection printing is 
more commonly known as enlarging. 

Printing is mostly done by artificial light, 
but when daylight is used (as occasionally for 
contact printing) the process is commonly 
called “daylight printing”. 

PRINTING BOX. Improved type of print- 
ing frame. A box contains the printing light, 
and the negative and paper are held down on to 
a glass window in the top. The exposure is 
controlled by switching the light in the box on 
and off. 

See al so : Contact printers. 

PRINTING FRAME. Wood, metal or plastic 
frame in which a piece of sensitized paper is 
exposed behind a negative to produce a photo- 
graphic positive print. 

See also: Contact printers. 

PRINTING IN. Selective exposure which is 
sometimes given, in enlarging, to certain parts 
of a print. This local increase in exposure is 
used to bring out detail or increase density in 
areas of the print that would otherwise appear 
too light. 

The method is to use a sheet of metal or 
opaque card having a hole of the required 
shape cut in it. The main exposure for the 
print is given, and then the mask is held above 
the printing paper so as further to expose the 
required area through the hole. The mask is 
kept in constant motion so that the additional 
density will blend with the surrounding parts. 

To print in large areas, such as a sky, a 
plain card is used to shade the remainder of the 
image; its edge may be straight, or cut or 
roughly tom to the required outline. 

Some photographers are skilled in shading 
with the hands, arranging them to throw the 
required shadow outline or spot of light. 

The term is also used to describe methods of 
improving a photograph by supplementary 
exposures through other negatives at the 
printing stage — e.g., adding clouds to fill in an 
otherwise blank sky. 

See also: Cloud negatives ; Combination printing; Flash- 
ing; Shading and spot printing. 

PRINTING MATERIALS. There are two 
principal types of material used for making 
positive prints from a negative: printing-out 
emulsions and development emulsions. 
Printing-out Emulsions. These usually are 
coated on a paper base. When they are exposed 
to daylight behind a negative they gradually 
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form a visible image. When the image has 
printed out sufficiently, the unused salts are 
removed by fixing, leaving a permanent print. 

Printing-out papers are suitable for contact 
printing by daylight only. 

Development Emulsions. These may be coated 
on paper for making prints, or on glass to make 
lantern plates, or positive film for making 
transparencies. When these materials are 
exposed behind a negative they form a latent 
image which must be developed. 

Development materials are almost always 
printed by exposure to artificial light. The 
slow development papers and transparency 
materials are used for contact printing, while 
the faster types are used for printing by pro- 
jection in an enlarger. 


TYPES OF PRINTING MATERIAL 


Type 

Characteristics 

Uses 

Papers 

Chloride 

Slow silver chloride 
emulsion; in up to 6 
contrast grades 

Contact printing 
of normal nega- 
tives 

Slow chloro- 
bromide 

Predominantly silver 
chloride emulsion with 
silver bromide; in 
1 or 2 contrast grades 

Warm-tone con- 
tact prints or 
enlargements 

Fast chloro 
bromide 

Predominantly silver 
bromide emulsion with 
silver chloride; in 
3—4 contrast grades and 
wide range of surfaces 

Warm-tone en- 
largements of 
ordinary nega- 
tives 

Bromide 

Fast silver bromide 
emulsion; in up to 5 
contrast grades and wide 
rangeof surfaces 

General enlarg- 
ing work 

Waterproof 

bromide 

Bromide paper coated 
on lacquered paper base 
which is practically 
waterproof 

High-speed 
printing, also 
where dimen- 
sional stability is 
important 

Variable 

contrast 

Two bromide emulsions 
of different colour 
sensitivity and contrast 
either mixed or coated 
on top of each other; 
contrast of image con- 
trolled by varying colour 
of printing light. 

General enlarging 
work, especially 
when it is incon- 
venient to keep 
several paper 
grades in stock 

Document 

Chloride or bromide 
emulsions, sometimes 
orthochromatic, of 
extreme contrast; may 
be on extra thin paper 

Direct document 
copying or 
printing line 
negatives 

Reflex 

Chloride emulsion of 
extreme contrast, 
for reflex printing 
processes 

Reflex printing 
of documents and 
line originals 

Direct 

reversal 

Extremely slow pre- 
fogged emulsion de- 
signed for direct 
reversal 

Making positive 
prints from 
positive images 

P.O.P. 

(printing-out 

paper) 

Silver chloride emulsion 
containing free silver 
nitrate, producing an 
image by printing 
out without development 

Contact printing 
of normal nega- 
tives by daylight 


Type 

Characteristics 

Uses 

Films 

Positive film 

Sheet or 35 mm. minia- 
ture film with silver 
bromide emulsion 
(sheet film similar to 
blue-sensitive negative 
film) 

Making positive 
transparencies 
and film strips 

Contact film 

Extremely slow silver 
chloride emulsion 
of very high contrast 

Contact printing 
of document and 
line negatives 

Document 

miniature 

35 mm. miniature film 
with extra-fmegrain 
high contrast emulsion 

Printing micro- 
film negatives 

Plates 

Chloride 

lantern 

Silver chloride emulsion 

Making lantern 
slides by contact 
printing only 

Warm tone 
lantern 

Silver chloride and 
bromide emulsion 

Making lantern 
slides by contact 
or projection, 
to yield warm- 
tone images by 
direct develop- 
ment 

Bromide 

lantern 

Silver bromide emul- 
sion; available in 3 
contrast grades 

Making lantern 
slides by contact 
or projection to 
yield black tones 
(blue-sensitive, 
slow, negative 
emulsions are 
sometimes used 
for same purpose 


Other Materials. Special materials are also 
manufactured for some modem printing pro- 
cesses. These include matrix film, for making 
dye transfer colour prints, integral tripack 
colour printing materials, and stripping emul- 
sions used in certain monochrome and colour 
processes. 

In addition to the commercially available 
printing materials, there are also numerous 
formulae for the sensitizing of various supports 
for printing. Most of these are intended for 
daylight printing, although it is possible to 
prepare an emulsion sufficiently sensitive for 
printing by artificial light. The majority of 
these formulae originated as early printing 
processes, but a few still survive and are used 
for fabric printing, document photography, 
etc. L.A.M. 

See also: Cine films {substandard); Colour materials; 
Document photography; Fabric printing ; Obsolete print- 
ing processes; Papers; Printing on special supports; 
Reversal materials; Stripping; Transfer coating; Trans- 
parency materials. 

PRINTING ON SPECIAL SUPPORTS. There 
are four ways of printing photographic images 
on special supports: 

(1) Daylight printing, using sensitive silver 
salts or dye intermediates. This is mainly suit- 
able for fabrics, but it can also be used for 
printing on other supports, including metal 
surfaces. The negative must be the same size 
as the image required, so it may be necessary 
to make enlarged negatives for large pictures. 
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(2) Daylight printing, using bichromated 
colloids, like gum or gelatin. These methods 
are mainly suitable for hard, non-porous 
surfaces like glass, glazed porcelain and enamel. 
They can also be used on specially prepared 
metal or even wooden surfaces. 

(3) Artificial light printing, using silver salts 
or emulsions. Under certain circumstances 
this is suitable for fabrics as well as specially 
prepared solid surfaces. Such materials can 
usually be printed by contact or projection, 
and require development. 

(4) Transfer printing methods. These also 
use silver salt emulsions which are exposed by 
contact or projection, and have to be developed. 
They are suitable for almost any prepared hard 
surface. 

The best method for any particular case 
depends on the nature of the support. Most 
of the processes can be used equally well for 
making paper prints. 

Solid Supports. Photographic images may be 
printed on to flat surfaces of wood, metal, glass 
and glazed articles by either daylight or arti- 
ficial light. 

The surface must first of all be prepared to 
prevent either absorption of the sensitized 
coating or subsequent chemical action on the 
image. 

Glass and non-porous and chemically-neutral 
supports like glazed porcelain, china, and 
enamel, can be coated without further prepara- 
tion, apart from cleaning the surface. 

Wood may be painted with white cellulose 
enamel, or coated with a 10 per cent gelatin 
solution containing enough white zinc oxide to 
hide the grain. Any other surfaces of the wood 
support that are likely to get wet during pro- 
cessing are waterproofed with wax or varnish. 

Metals may be protected by varnishing all 
the surfaces liable to come into contact with 
the processing solutions. 

Large Supports. Printing and processing have 
to be modified if the support is part of an 
object too large for handling in a printing 
frame or processing dish. In such cases it is 
generally possible to improvise some form of 
clamp to keep the negative and sensitized 
surface in close contact under a sheet of plate- 
glass during exposure. 

Large sensitized surfaces have to be swabbed 
or brushed over with the various processing 
solutions. Such surfaces can be most con- 
veniently washed and rinsed by playing a spray 
or jet of water gently on them for the required 
time. 

Daylight Printing. The surface after prepara- 
tion is brushed over with a 10 per cent solution 
of potassium bromide, allowed to dry, and then 
brushed over with a 10 per cent solution of 
silver nitrate. The final coating must be 
applied in the darkroom by the light of a 
bromide paper type of safelight. 

The sensitized surface is printed out by day- 
light behind the negative. Printing is con- 


tinued until a faint image is visible. This is 
not the final image; the final image is developed 
in a 0- 1 per cent solution of metol containing 
2 per cent glacial acetic acid. The exact 
printing period is arrived at by exposing a 
sensitized control strip at the same time. 
Processing. If the article is too bulky to be 
immersed in a developing dish, it may be 
developed by swabbing it over with cotton 
wool soaked in the developer. 

As soon as the image is dense enough, it is 
washed over with clean water and immersed 
in or swabbed over with a 10 per cent sodium 
thiosulphate solution to fix it. A final washing 
for about thirty minutes completes the process. 
Artificial Light Printing. Sensitized silver-halide 
gelatin emulsions are available for coating on 
to solid surfaces to be printed photographically. 
Such emulsions are usually supplied in the 
form of a powder which is mixed with warm 
water to give an emulsion thin enough to be 
sprayed — or spread by whirling — on the pre- 
pared surface. 

Small objects are coated by whirling as in 
the wet collodion process, but larger surfaces 
are coated by spraying. The procedure calls 
for special equipment and is certainly beyond 
the scope of the ordinary photographer. 

This is the method adopted for coating wall 
surfaces for printing photo murals in situ by 
projection. 

Transfer coating is a much more practical 
method for the photographer who only needs 
to make such prints occasionally. This is also 
the method used for printing photographic 
templates on sheet metal to mark it out for 
machining. 

An alternative method is to use the surface 
as the final support for a print made by the 
carbon or carbro process. 

Fabric Printing. Fabrics like linen, canvas, 
silk, cotton, etc., can also be used as supports 
for a photographic image. Usually the fabric 
is prepared by sizing, followed by treatment in 
a halide solution and finally in a silver nitrate 
solution. Alternatively a ferric oxalate and 
silver nitrate mixture may be used for sensi- 
tization. It is then printed out by daylight, 
washed, and fixed like printing-out paper. 

Alternatively, the image may be formed by 
dyes in the fabric itself, using a process like 
diazotype. Even a mordant image can be pro- 
duced by the action of light (e.g., using a 
bichromate sensitized fabric) which will then 
take mordant dyes. L.A.M. 

See also: Carbon process: Carbro process: Dusting on 
process; Fabric printing: Glass pictures: Gum bichromate 
process: Stripping; Transfer coating. 

PRINTING-OUT PAPERS (P.O.P.). Contact 
printing papers which form a visible image on 
exposure as distinct from those (development 
papers) which form an invisible latent image 
requiring subsequent development. 

See also: Papers 
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PRINT LIBRARIES. The principal source 
from which prints can be obtained are the 
photographic agencies. Names and addressees 
of these are to be found in directories published 
for the use of journalists. Among the largest 
are Hulton Press Ltd., Kemsley Picture Service, 
Mirrorpic and Odhams Press Ltd. 

In addition, the larger newspapers and 
pictorial magazines usually have a department 
which supplies prints, not only of pictures 
which they have published, but also of other 
photographs in their hies. The bigger agencies 
and periodicals cover a wide range of material ; 
some of the smaller ones specialize in particu- 
lar subjects. 

The fees charged depend to a large extent on 
the medium in which the print is to be repro- 
duced. Some agencies lend prints for a reduced 
fee if they are not wanted for reproduction. 

Following is a list of the principal subjects of 
which photographs may be wanted with an 
indication of sources of supply other than 
photographic agencies. 

Aerial views: aeronautical societies: aero- 
nautical journals; commercial air lines; 
archaeological societies. 

Agriculture: agricultural societies; agricul- 
tural journals; makers of agricultural machin- 
ery; commercial companies growing their own 
raw materials. 

Architecture: architectural societies; archi- 
tectural journals; housing research organiza- 
tions; societies for preservation and recording 
of historic buildings. 

Art (paintings, sculpture, ceramics, furniture, 
etc.): art galleries; museums; art journals; 
cultural societies; art dealers. 

Children: local newspapers and pictorial 
journals; individual photographers; child 
welfare societies. 

Industry: trade associations; individual com- 
panies; large-scale distributors; research in- 
stitutes; specialized press. 

Landscapes: local newspapers and pictorial 
journals; individual photographers; railway 
companies; shipping lines; air lines; geographi- 
cal societies; tourist associations. 

Pets: local newspapers and pictorial jour- 
nals : individual photographers. 

Science: scientific societies; scientific jour- 
nals; professional bodies; research institutes. 

Sport: sporting associations and journals. 

Personalities: organizations for which the 
persons concerned are working, including 
theatrical managements, film companies, broad- 
casting companies; cultural and scientific 
societies; direct from individuals. 

Zoology (and birds, fish, insects): scientific 
societies; scientific journals; journals dealing 
with nature study. 

Names and addresses can be found by con- 
sulting relevant directories: press directories; 
directories of museums and art galleries; 
directories of scientific and learned societies; 
trade directories; directories of photographers. 
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If photographs are wanted of anything con- 
nected with countries abroad, the press repre- 
sentative at the embassy or legation of that 
country will usually be willing either to supply 
prints or to say where they can be obtained. 
Other sources for photographs of things and 
places abroad are travel agencies and societies 
for promoting cultural relations between 
nations. 

Some public libraries have collections of 
prints which may be borrowed for reference 
or reproduction and some of them will obtain, 
on special request, prints of subjects which are 
not on their own files. Among the more im- 
portant of such sources are the Central 
Libraries of Bermondsey (London), Birming- 
ham. Cardiff and Manchester. 

Apart from agencies the most important 
print libraries in the U.S.A. are the George 
Eastman House of Photography in Rochester, 
N. Y., the University Library at the Northwestern 
University in Evanston, 111., the Library of 
Congress in Washington, the New York 
Public Library, the Library of the Standard 
Oil Co. of New Jersey, and the library in the 
museum of the City of New York. 

To obtain a print of a photograph which has 
been published in a newspaper or magazine, a 
letter requesting the print should be addressed 
to the art editor of the journal. It is advisable to 
enclose another letter to the photographer who 
has taken the picture, since the journal may 
not be able to supply prints and will have to 
forward requests to him. N.W. 

See also : Agencies ; Information and Inquiries; Literature 
on photography: Museums and collections. 

Books; British Sources of Photographs and Pictures 
(London); Libraries , Museums and Art Galleries Year 
Book (London); Who's Who In Photography (London); 
Willing’s Press Guide (London); The Writers' and Artists' 
Year Book (London). 

PRINT PADDLE. Flat perforated plate fitted 
to the end of a long rod, and usad for moving 
prints around in the various processing solu- 
tions. Print paddles may be made of plastic or 
stainless steel. 

See also; Forceps. 

PRINT QUALITY. This is a term much used 
by amateurs — and judges of their work — to 
indicate technical perfection. It is seldom used 
in professional and commercial photography. 
In this field, technical perfection is expected as 
a matter of course even from the most modest 
establishment — without it the firm would go 
out of business. 

The commercial photographer can achieve 
consistently high quality for a number of 
reasons: he uses appropriate equipment; he 
very quickly arrives at a rigidly standardized 
technique; his turnover of sensitized materials 
and chemicals is rapid enough to ensure that 
they are always fresh ; his printing staff do the 
same job day after day and they almost always 
print from negatives of good, standard quality. 
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All these things work for the professional 
and against the amateur who generally: has 
to put up with an improvised darkroom and 
cheaper equipment; docs not do enough 
routine photography to acquire a flawless 
technique; does not use materials quickly 
enough to have them always fresh; is con- 
stantly experimenting with new materials and 
processing techniques, papers and print sizes; 
and prints from a mixed bag of negatives of a 
wide range of contrasts and densities but with- 
out a correspondingly wide choice of paper 
grades. 

Only the rare amateur possesses the necessary 
patience and technical knowledge to overcome 
all these characteristic handicaps and turn out, 
with much labour and many rejections, a single 
exhibition print that will stand comparison — at 
least on technical grounds — with the product 
of the commercial studio. The result has been 
the appearance in the amateur vocabulary of 
the term print quality which has been invested 
with a false aura of magic and ju-ju. Some 
prints have it, and others, just as mysteriously 
lack it ; some workers are famous for it, others 
despair of ever being able to achieve it. 

In fact print quality is the result of printing a 
good negative on the right grade of paper in a 
safely lighted room with the chemicals recom- 
mended by the manufacturer of the paper. The 
result of following ihis deceitfully simple 
specification will be a print which makes full 
use of the tone range of the paper, reproducing 
the deepest shadow as a pure, intense black 
and the brightest highlight as white paper. 
Between these extreme tones there will be a 
well-ma ked variety of shades of grey. All 
sharp lines will be crisply defined; the print 
will have no trace of fog, the blacks will be 
of good colour, and there will be no uninten- 
tional blur. As a print it will be technically 
perfect; it will possess print quality. 

The defects that most often rob a print of 
print quality are: poor blacks, wrong tones, 
fog, and blur. There is a cause and a cure 
for each. 

Poor blacks can result if the exposure is 
wrong and an attempt is made to mend matters 
by giving a longer or shorter development 
time than the makers of the paper recommend. 
They are also caused by using stale paper or 
an incorrect developer or one that is either 
exhausted or at the wrong temperature. The 
remedy is to develop according to the maker’s 
instructions using fresh chemicals. 

Wrong tones may be the result of using a 
paper that is either too hard or too soft for 
the negative. Any of the causes of poor blacks 
outlined above will also ruin the tone values 
of the print. 

Fog is mostly the result of unsafe light falling 
on the print — either because white light is 
leaking into the darkroom, or from the enlarger 
lamphouse or because the safelight is either 
the wrong colour or too bright, or too close 


to the print. Other causes of fog are: stale 
paper, wrong developer, wrong developer 
temperature (generally too high) and extended 
development. 

Blur may be caused by incorrect focusing 
or vibration of the enlarger during exposure. 
The image may also be diffused by dirt or 
condensed moisture on the lens. 

In the commercial darkroom, if any of these 
enemies of print quality makes its appearance, 
it is detected and disposed of at once — generally 
for all time. But for the amateur, the battle 
start afresh at every printing session. F.P. 

See also: Faults. 

Books: Enlarging, by C L Jacobson (London); The 
Complete Art of Printing and Enlarging, by O. R. Cloy 
(London). 

PRISM. Transparent substance bounded by 
plane polished surfaces inclined to one an- 
other. The simplest form of prism is used to 
refract light and needs only two polished sur- 
faces, one where the light enters, and the other 
where it leaves the prism. Reflecting prisms, 
however, need three or more polished surfaces. 
Refracting Prisms. When light rays from a near 
object point fall on a prism, they meet the 
surface at different angles, and as the deviation 
of the ray produced by a prism depends upon 
the angle between the ray and the first prism 
face, the various rays of the pencil will be 
deviated by different amounts. The light leaving 
the prism no longer proceeds as though it came 
from a point, so the prism forms an imperfect 
image. 

If the light from the object is white, it is 
dispersed by the prism into its component 
colours, the violet light being bent most and 
the red least. Thus, a small white object 
looked at through a prism appears as a spec- 
trum with the violet end bent farthest away 
from the sight line. The colours of the image are 
the same as the colours of the rainbow, i.e., 
red, orange, yellow, green, blue, violet. 

Refracting prisms are mainly used in spectro- 
scopic instruments. 

Reflecting Prisms. Reflecting prisms are often 
used in place of silvered mirrors because they 



DISPERSION BY PRISM : A Prism bends light rays to different 
degrees, violet rays being bent most and red least. The over-all 
bending power depends on tfie refractive index, the difference 
in refraction for various colours on the dispersive power. 
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RIGHT-ANGLE PRISM. A prism with two faces at right angles 
and the third at 45 ’ can act like a plane mirror , and is opti- 
cally more efficient, losing virtually no light. 

are free from the disadvantages of back- 
silvered mirrors which produce a double image 
due to reflection from the glass as well as the 
main reflection from the silver. Also a prism is 


not as delicate and easily tarnished as a mirror 
made by silvering the front surface of a glass 
plate — a type which requires frequent resiiver- 
ing. 

The mirror effect is, if possible, obtained by 
total internal reflection from the surface of the 
prism. Even in those cases where total reflec- 
tion is not possible and the reflecting surfaces 
must be silvered, the prism can be so arranged 
that no trouble is caused by the reflections 
from the unsilvered surfaces. Reflecting prisms 
are used in the rangefinders which are fitted to 
some cameras and are also used in front of the 
lens on certain process cameras for reversing 
the image from right to left. 

Prisms of more complex shape are incor- 
porated in eye-level reflex cameras; there the 
prism reflects the light several times to tum 
the ground glass screen image upright and 
right-way round. 


PROCESS CAMERA 


The printing blocks used in the photo- 
mechanical reproduction processes are made 
from negatives which are exposed in a process 
camera — sometimes alternatively called a 
copying camera. 

The process camera is generally used for 
making copies to a reduced, or at most, a 
same-size scale. It is only very occasionally 
needed to make an enlarged copy. 

Construction. The process camera is a per- 
manent piece of equipment which is bolted 
down to the floor of the room or carried on 
runners which are bolted to the floor. The 
camera consists essentially of two vertical 
f rames mounted on a set of horizontal rails. One 
frame carries the lens panel and the other the 
plate holder and process screen. The frames are 
connected by a square bellows fitted with 
supports to stop it from sagging when extended. 
The maximum extension is usually a little 
more than twice the focal length of the normal 
lens. This allows for same-size reproduction at 
full extension. 

The distance between the copy and the 
camera is varied either by moving the camera or 
copy holder, depending on the design of the 
apparatus. 

The runners on which the camera or copy 
holder move may be fitted with a vernier scale; 
also the focusing mechanism of the camera. It 
is then possible accurately to re-set the equip- 
ment to a known position (useful in colour 
separation work). 

The lens panel and plate back can be moved 
by some form of mechanical traversing gear — 
e.g., a rack and pinion, or worm and nut — 
operated from behind the camera. This enables 
the operator to focus the image on the screen 
without changing his position. (When copying 
on a scale of 1 : 1 with a 20 x 20 ins. camera. 


the lens panel may be 4 feet or more in front 
of the focusing screen.) 

Mounted in front of the plate back there is 
a holder for the half-tone screen. The holder 
can be moved forwards or backwards to bring 
the ruled screen to the correct position in 
relation to the surface of the plate. The screen 
must be moved out of the way when the plate 
loaded into the holder. 

An indicator or other device at the side 
enables the operator to bring the screen back 
to the original position. 

Both the lens panel and plate back are 
strongly constructed and accurately mounted 
so that they remain rigidly parallel over the 
whole range of adjustment. Any distortion 
produces dimensional errors which are in- 
tolerable in this kind of photography, particu- 
larly when making separation negatives from 
coloured originals. 

Sensitized Materials. Process cameras are made 
to take plates up to 12 x 10 ins. and larger, 
the plates being held between a pair of guides 
that can be adjusted to take any size. Wet 
plates are commonly used for copying black- 
and-white originals, but dry plates and film are 
used for colour reproduction. 

Some large cameras are installed with the 
plate holder assembly in the darkroom and the 
lens panel and copying board in the outer room. 
This arrangement makes focusing easier and 
enables the plate to be inserted in the holder 
without a dark slide. 

Lens. The lens in medium-sized copying 
cameras generally has a focal length equal to 
the diameter of the plate. A lens of shorter focal 
length is used for making enlarged reproduc- 
tions when the maximum extension is insuffi- 
cient. The aperture is not of first importance 
because the subject is still, and long exposures 
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UNIVERSAL PROCESS AND REPRODUCTION CAMERA. These cameras take negatives up to 24 x 30 ins. large, and with the copy 
holder, stand and carriage may weigh I to 1} tons, occupying a floor space up to 15 x 25 feet. Owing to the large size, all controls 
are usually arranged at or near the rear of the camera. Top left: Camera set up for working with a process prism, shown against 
a I foot square grid. Top right: Front view (with prism in position). Bottom: Side view ( without prism over lens). 

A, lens ( may be 12 to 36 ins. in focal length). B, timer control box with seconds timer, minute timer, and selector switch. 
Connected directly to shutter behind lens. C, camera sub-base. D, stand. E, brake lock for camera carriage. F. fine focusing control 
to camera carriage. G, focusing control connected to the front body ( i.e lens board, etc.). H, controls for cross front and for rising 
front movement of lens panel. I, fine focusing handwheels (one on each side of camera). J, stand. K, front body, carrying lens board, 
prism ( when used), and diaphragm control. L, prism to reverse image from left to right when required. M. diaphragm control 
scale; automatically sets the aperture to the correct value to allow for diff erent camera extensions and scales of reproduction. 
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can be given virtually at will without risk of 
movement. 

A very high degree of correction is called for, 
however; in particular the lens must have a 
flat, evenly illuminated field right to the comers, 
and be free from astigmatism and chromatic 
aberration. For colour reproduction it must 
be fully corrected to bring all the colours to a 
focus at the same point. 

The lens panel is equipped to take a prism to 
correct the lateral inversion of the image formed 
by the lens. In normal photography this is 
unnecessary since reversal in the printing 
operation cancels out the effect. In process 
work, however, the printed image is made 
direct from the block so that the inversion 
remains unless it is corrected by a prism in 
front of or behind the lens. Process cameras 
normally operate with a prism over the lens, 
and with the camera body parallel to the copy. 
The camera can be swung through a right 
angle if it is necessary to use it without the 
prism. 

Copy Holder. The copy is held vertically in a 
hinged frame similar to a normal contact 
printing frame. This has a sprung pressure 
back which holds the copy flat against the 
surface of the cover glass. The whole assembly 
usually may be swung into a horizontal posi- 
tion for convenience in loading the copy into 
the frame. 

If the camera itself is mounted on to runners, 
the distance of the copy holder is fixed; size 
adjustment is then effected by moving the 
camera. Cross movement of the copy holder is 
provided so that the copy can be re-centred 
when the camera is rotated for operation with- 
out the prism. 

For convenience, especially when handling 
flimsy copy (such as tracings) the conventional 
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copy holder may be replaced with a vacuum 
holder. 

Lighting. It is essential for the copy to be evenly 
illuminated. Carbon arc or mercury vapour 
lamps are generally used because their highly 
actinic light makes up for the slowness of the 
sensitized materials. 

The best type of illumination is given by four 
lamps, one on each side of the board, spaced 
from each other about 2-5 times their distance 
from the board. But two lamps may be made 
to give reasonably good illumination by care- 
ful adjustment. 

Transparencies to be photographed by trans- 
mitted light are normally supported in a mask- 
ing frame in front of the copy board. The light- 
ing comes from a white surface illuminated 
by the normal lamps or by a series of tubes for 
cold cathode illumination fitted behind the 
transparency. 

Exposure Regulation. Fluctuations in the 
voltage supply to carbon arc lighting can 
seriously affect the intensity of light; other 
factors may also cause variation in the lighting. 
If this occurs during exposure but after the 
exposure reading is taken, an incorrectly 
exposed negative will result. To avoid this, 
the process camera may be fitted with an inte- 
grating exposure meter. 

The integrating exposure meter, of the 
photo-electric type, is fitted on to the copy 
holder so that it receives the same illumination 
as the copy. The required exposure is pre-set 
on the meter which is coupled to an electro- 
magnetic shutter on the camera. The meter 
then "adds" the total effect of exposure over 
time, automatically controlling the exposure 
received by the plate so that fluctuations in the 
lighting do not affect the final result. F.P. 

See also: Process lent. 


PROCESSING MACHINES. Special machines 
in which films are automatically developed, 
rinsed, fixed, washed and dried. They operate in 
a darkroom and are primarily intended for 
processing large quantities of exposed film. A 


typical machine for the processing of short 
lengths can handle approximately 360 per hour. 
Machines for continuous processing (as in 
aerial photography) operate at speeds in excess 
of 4 feet per minute. 



CONTINUOUS PAPER PROCESSOR. This processes long strips of prints, wound up in rolls from a roll-head printer. The unit remains 
in continuous use, fresh strips being constantly spliced on. A .feed roll. B, splicer unit. C, rack forming bottom of loop. D, solution 
flow meter. E, developer .F , stop bath. G, fixer. H , washing tank. I, drier and glazer. J, take-up roll. 
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The machine usually consists of a series of 
large tanks, containing the appropriate solu- 
tions and a suitable system for conveying the 
exposed films from one to the other. Short 
film lengths may be suspended from a moving 
chain driven by suitable gearing so that the 
films are moved through and lifted from one 
tank and passed on to the next. Speed of travel 
of the chain is regulated to give the correct 
developing time. The time of immersion in 
any tank can be altered — e.g., by using tanks of 
differing lengths — to suit the times of pro- 
cessing in the other solutions. 

When continuous lengths of film are used, a 
slightly different system is employed. The 
film is fed in and out of each tank over a series 
of rollers. Times of immersion in each solution 
are varied by altering the separation between 
the upper and lower sets of rollers. This method 
is also used for processing paper prints which 
are exposed in continuous rolls. 

In both systems, there is thermostatic control 
of the processing solutions. The film, after 
washing, passes through a current of warm air 
in a drying chamber heated by normal filament 
heaters or it may pass a series of inf ra-red lamps. 
In the case of prints, the drying may be effected 
instead by feeding the roll over a drying drum 
similar to a rotary glazer; this in tum may 
feed the strip to an automatic trimmer which 
cuts the paper into separate photographs. 

Processing machines are used for cine film by 
motion picture laboratories, and also by 
wholesale photo finishers and by the armed 
forces where quantity and speed are important 
— e.g., for aerial reconnaissance. J.D.C. 

See also: Postcard manufacture; Wholesale photo finish - 
lng. 

PROCESSIONS. There are various kinds of 
processions and each needs a slightly different 
approach, but in the main essentials all proces- 
sions are alike in consisting of a number of 
people proceeding with colourful pomp along a 
route lined by a great many spectators. 

The best known processions are the state 
occasions when there are probably a number 
of horse-drawn landaus forming the main 
centre of interest but followed and preceded by 
a troop of cavalry and possibly also a detach- 
ment of Foot-guards. 

The first thing to do is to find out in advance 
where the procession is going. If the route is 
not known well it is advisable to look it over in 
advance to find a good spot to stand. Try to 
find a place which is slightly higher than the 
surrounding area. It will permit a clear view 
even if with a crowd. Having found the right 
viewpoint, get there early and stay there. 

Work out beforehand from which direction 
the sun will be shining; don’t leave it until the 
day because once the ceremony has begun no 
spectators will be allowed to cross the street. 
Setting-up. Any kind of camera will serve on 
these occasions so long as it has a convenient 



SHOOTING OVER CROWDS. Top left: A twln-lem rtflti 
camera can be held aloft upside down on a walking stick. 
Bottom left: A tripod screw through the handle of the stick 
will hold smaller cameras. A bracket on the shaft of the stick 
will act as sighting device. Right: A more elaborate support 
holds the camera on top of a periscope arrangement. 

eye level viewfinder. Waist level finders are no 
good because it is essential to shoot over the 
heads of the people in front. A temporary eye 
level finder can be made out of a piece of wire 
bent into a rectangle the same size as the 
negative. Mount this on top of the camera, 
parallel to the lens, and then mount an eyepiece 
made from another piece of wire bent into a 
small ring with a stalk on it on the back of the 
camera, parallel with the film plane. The ring 
of the eyepiece should be opposite the centre 
of the frame. A reflex camera can be held 
upside down above the head to gain height. 

Having taken up position, take an exposure 
reading and set the camera, allowing plenty of 
depth of field by stopping down well. A fast 
shutter speed is not likely to be needed; no 
procession travels at spued. Finally focus on the 
middle of the road and set the shutter. 
Subjects. Several kinds of picture may be 
wanted, but it will not be possible to get them 
all. Although the whole of the procession 
may be wanted in one photograph, it is rarely 
possible to get it. Most streets are too narrow 
to allow inclusion of much more than a section, 
so under these conditions concentrate on the 
occupants of the carriages. The closer the 
better for this kind of picture. But for shots of 
the mounted cavalry, be either some distance 
away and include both horse and rider, or as 
close as possible and shoot against the sky. 
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Look out for the picturesque costumes of 
heralds or pikemen in a procession. They make 
good subjects for close-ups. 

If a vantage spot can be found somewhere 
up in a window overlooking the processional 
route, it is then easy to include everything in 
the picture. This may also afford an opportun- 
ity to include some of the flags and street decor- 
ations which are almost certain to be there. 
Arrange the picture so that the flags serve to 
label the scene. For example, a state visit by 
the ruler of some foreign power might be 
marked by including his country’s flag with 
that of the nation visited, together with the 
rulers concerned. 

Of course, processions can also include cars 
instead of open carriages. But there is nothing 
very interesting in a picture of rows of motor 
cars, so concentrate on getting as close as possi- 
ble and then aim the camera through the car 
window. It will be necessary to open up the 
aperture by two or three stops to give ade- 
quate exposure for the inside of a car. 

Gaining Height The camera may have to be 
held to look over the heads of people in 
front. A reflex can be simply turned upside 
down and held over the head giving a height 
advantage of a couple of feet. Look up into 
the viewing screen and continue to face towards 
the procession. The image will not be inverted 
and with a little practice it is quite easy to 
centre it on the screen. 

Other ways of gaining height involve a certain 
amount of manufacturing. The camera can be 
mounted on the end of a short pole with a piece 
of string or wire attached to the shutter release. 
A better method is to use a periscope, preferably 
not a collapsible type, and mount the camera 
on top. This provides a method of viewing 
which is fairly reliable. 

In most streets a normal focal length lens 
will give acceptable image size. If a large 
image is needed, it is possible to move closer. 
A view of the vanguard of the procession as it 
approaches is the only general picture possible 
in narrow streets where the spectators press 
closely on to the road. Otherwise it is best to 
concentrate on close-ups. In wider thorough- 
fares general views of various units of the pro- 
cession are easy to get. 

If a position is taken some way away, perhaps 
in a window overlooking the route, use a tele- 
photo lens or attach a telescope in front of the 
camera lens. This necessitates making a clamp 
to hold both the camera and the telescope 
rigidly. Make some experiments beforehand 
with this arrangement, to establish the image 
size produced by the telescope and the minim um 
aperture for the required depth of field. G.S.D. 

Book: All About Taking Great Occasions, by O. C atli ng 
(London). 

PROCESS LENS. The process lens takes 
its name from the photomechanical pro- 
cesses used in the printing trade. These demand 


lenses of long focal length in which all the 
monochromatic aberrations are unusually well 
corrected relative to the size of the lens. Where 
colour separation work is required, axial and 
transverse chromatic aberrations also have to 
be corrected to a degree beyond anything 
necessary in ordinary lenses. 

Normal achromatic lenses have the ability 
tobring light of two colours to acommon focus, 
but correction in at least three colours is 
essential in process work. Lenses corrected in 
this way are termed apochromatic. 

Fortunately, a high lens speed and short 
exposures are not required and an adequate 
standard of performance can be provided 
without undue complexity of lens form at 
relative apertures in the region of / 11. These 
small apertures give the designer additional 
freedom to choose the best types of optical 
glass for achieving apochromatic correction. 

Since lens aberrations are not usually stable 
with radical change of object distance, process 
lenses are corrected for use over a small range 
of copying magnifications and, as a rule, they 
do not perform very well with distant objects. 

Certain photomechanical processes require 
reversed negatives and this is achieved by 
placing a mirror or prism in front of, or 
behind, the lens at an angle of 45° to its 
axis and pointing the camera at right angles to 
the object. The mirror or prism has to be in- 
conveniently large if it has to cover a wide 
angular field from the lens and process lenses 
are usually designed to cover angular fields 
varying between 35° in long focal lengths 
to 50° in the smaller sizes. A coverage of 50° 
is a wide angle in process lenses. 

Large copy and large negative sizes are 
unavoidable in process work so that focal 
lengths of these lenses are considerable, 
reaching a maximum at about 70 ins. 

Where the range of conjugate distances only 
varies slightly from unit magnification, per- 
fectly symmetrical lens forms are adopted. 
When such lenses are used at unit magnifica- 
tion this symmetry automatically provides 
perfect correction of coma, distortion and 
transverse chromatic aberration. Lenses in- 
tended for use over a wider range of conjugate 
distances and some lenses covering wider 
fields are rarely of the symmetrical form. 

Process lenses can also be used for other 
jobs of a similar nature. G.H.C. 

See oho: Lens history; Process camera. 

PROCESS PLATES. Slow plates with a very 
contrasty emulsion used for copying and photo- 
mechanical reproduction. Process plates are 
usually blue-sensitive only, although both 
orthochromatic and panchromatic process 
plates of a variety of speeds and spectral sensi- 
tivities are used in colour reproduction of line 
and tone originals. 

See also : Negative materials. 
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PROFESSIONAL PHOTOGRAPHY 


The essential difference between the amateur 
and the professional photographer is not so 
much in the quality of the photography — for 
often good amateurs produce better pictures 
than many professionals — as in the attitude 
towards photography. 

The amateur may select his subjects, his time, 
his place and take as much time as he chooses; 
what he makes is to please himself, to satisfy 
his own conception of the subject. 

The professional photographer must photo- 
graph what his client or his employer orders. He 
will generally not choose the subject. He may 
not be able to choose the time. He may not 
have control over the conditions. With these 
restrictions he must maintain a good level of 
quality, whatever he photographs, and tum out 
work at a speed which will enable him to pay 
charges for rent, rates, light, telephone, in- 
surance, postage, water, depreciation of 
equipment, materials and so forth, and in the 
end leave a reasonable income for himself. 

This work is not easy, as very many have 
found to their cost. It is an exacting occupation 
and requires consistent hard work. The actual 
taking of photographs is only a part of many 
activities. 

Scope. The range of professional photography 
is very wide. One industrial company, for 
example, may employ a photographer to aid 
research by such methods as photo-elastic 
stress analysis, while another company will 
send their photographer to out of the way parts 
of the world to make records for public rela- 
tions or advertising. The photographer may 
work in a research laboratory, a coal mine, a 
hospital, a museum, a test farm, in an aeroplane 
or in the water. He may work amid luxury in a 
fashion studio or amid dirt and heat in a steel 
works. He may be occupied in photographing 
fine buildings, deciphering ancient manuscripts 
or taking portraits in a studio. 

The professional photographer may choose 
to work for an employer in one of these fields 
or many others, and with adequate basic 
training, and continued study he can become a 
specialist in one particular branch — e.g., 
historical research, shipbuilding or portrait- 
ure. 

While many photographers take up such 
specialized employment, often in charge of 
departments, in big industries, public utilities, 
hospitals, etc., many eventually decide to be 
their own masters. 

Here the field of choice is limited virtually 
to portraiture, commercial, industrial, and 
advertising photography, photo- journalism and 
a few highly specialized applications of photo- 
graphy where the demand is proportionately 
small. 

In most of these the professional photo- 
grapher must be prepared to serve and study an 
exacting market. And he will need to know 


about a bewildering range of regulations and 
practices — e.g., copyright law, purchase tax, 
factory act requirements, registration of busi- 
ness names, right to photograph, insurance, 
liability for clients* goods, and what is done or 
not done, either on ethical grounds or for good 
business reasons. In this he can obtain a great 
deal of guidance and help by joining a pro- 
fessional association. 

Before purchasing an established business or 
starting a new one, he should make sure that 
he possesses; the right temperament, physical 
and personal qualities; enough skill, training 
and experience; the necessary artistic and 
business ability; and finally sufficient capital 
to buy, equip, and maintain a business. 

In all but the scientific and recording applica- 
tions of photography he must have some 
artistic appreciation. It is also essential that 
he should have general business ability, with 
a knowledge of simple accountancy and cost- 
ing. In some branches good salesmanship is 
indispensable. Whether buying or starting a 
business, he should engage a good solicitor and 
a good accountant and he would be wise to 
budget for no income at all during the first year. 
Premises. The choice of the site will depend 
upon the type of work to be undertaken. 

The portrait photographer will consider the 
type of client he wishes to attract. If he seeks 
to photograph a large number of people at low 
prices, he must look for the most prominent 
site in the busiest street in the town, with a good 
shop window, and he will have to rely on a 
big turnover to cover the heavy rent. Very 
careful study of the neighbourhood by observa- 
tion and local inquiries is necessary because 
even a particular street may have a good and a 
bad side. 

If he wishes to serve a more discriminating 
public and provide high quality work he will 
need to have premises in quieter and more 
dignified surroundings. 

Position is of less importance to a commercial 
photographer whose premises simply need to 
be reasonably accessible to business men and 
have ample space. The latter generally renders 
a main road site too expensive. 

The industrial photographer only requires 
an office and workrooms, because most of his 
work will be done away from the premises. He 
should at the same time equip a small studio, 
since he will often be asked to undertake a 
certain amount of commercial work. 

For portraiture the premises must be suit- 
able for conversion into reception room, studio 
and workrooms. The commercial photographer 
will need more than one studio, or one big 
enough to take several sets at once. In this case 
space is the primary requirement and the main 
studio should be at least 20 x 15 x 10 feet 
high, and larger if possible. There must be 
large doors and plenty of storage space for 
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articles waiting to be returned. If advertising 
work is undertaken there must be provision 
fora model’s dressing-room. 

In leasing a building it is necessary to bear 
in mind that in most leases the tenant is 
responsible for repairs and dilapidations and 
that heavy expenditure may have to be met 
when the lease expires. Meanwhile decorations 
and improvements will be necessary, and it is 
important that the parts of the premises to 
which the public will have access should be 
attractive. This is particularly important in a 
portrait studio, and the photographer, in 
choosing his scheme of decoration, must bear 
in mind the type of client he wishes to attract. 

Finally the buyer should take into account 
that he may in time wish to expand, and it is 
important to know whether there is room for 
such expansion. 

Security of tenure is of the utmost import- 
ance. A short lease is valueless unless it carries 
an option to renew. An established business 
with a very short unexpired lease should only 
be purchased if arrangements can be made with 
the owner of the property to secure an option 
for renewal or to take out a new lease. 
Equipment In buying an established business, 
the photographer is likely to find that some of 
the equipment may be out of date and capital 
will have to be available for new equipment. 

In starting a new portrait business expendi- 
ture on equipment can hardly be less than £500, 
while for a commercial business £1,000 would 
be the least that one would expect to spend. 
About the same expenditure will be required 
by the industrial photographer. 

Some reserve capital is desirable in com- 
mercial photography to cover the amount 
which will always be outstanding in model 
fees and hire of equipment and apparatus which 
may not be paid for some time. 

Goodwill. When an established business is 
purchased, goodwill may be worth very little. 
The goodwill of a popular business in a main 
thoroughfare may have some value, but an 
individual business which has been built up 
on the personality of the outgoing photo- 
grapher may have little goodwill. There is no 
standard by which to judge the purchase price. 
It is currently held that a business may be 
worth one year’s e^oss takings or three years’ 
net profit, but it is very important to know 
whether the takings of the preceding years give 
a true valuation of normal business. 

When purchasing a business it is important to 
include in the contract a clause which will pre- 
vent the outgoing photographer from practising 
as a photographer within a reasonable dis- 
tance for a specified time and taking the good- 
will with him. 

Charges. Every business should adopt some 
system of costing, however simple. The Institute 
of British Photographers publishes a guide to 
charges for commercial photography, and a 
guide to reproduction fees. There can, how- 


ever, be no such guide to charges for portrait- 
ure, because there are so many variables. Some 
indication of the right price may be arrived at 
by adding all items of expenditure, including 
rent, rates, light, heating, material, deprecia- 
tion, wages of staff, photographer’s own salary, 
and dividing this by the number of clients it is 
anticipated may be photographed. This 
number will depend on whether a lot of time 
will be given to each individual or whether it is 
intended to photograph large numbers in the 
shortest possible time. So the charge in this 
case is related to the type of client catered for 
and the type of service given. 

Spare-time Professionals. This is a period when 
many, with more leisure owing to shorter hours, 
seek to add to their income by some part-time 
occupation. Such photographers have been 
able to attract the public by low charges based 
on the fact that their normal occupation is 
paying nearly all their overheads, and too often 
they pay no income tax on their earnings. 

A little knowledge is a particularly dangerous 
thing in photography. In other part-time 
occupations the potential purchaser knows what 
he is buying. In journalism, for example, the 
limitations of the writer, of which he himself 
may be unaware, are harmless enough because 
the editor will return the work if it is not what 
he requires. Members of the public who accept 
the services of a photographer have no such 
freedom. If, as is most usual, it is a wedding 
that is photographed, they risk sad disappoint- 
ment should the pictures of this great event in 
their lives not be good. Of course there are many 
instances in which the photographer satisfies 
them, but there are many more in which they 
are profoundly dissatisfied, and the Institute 
of British Photographers frequently receives 
complaints. The profession is thus brought into 
disrepute, and the side-line photographer 
should appreciate his responsibility to the 
public. 

Social Contacts. It is not enough just to buy a 
business. The photographer has to become 
known and respected in the district where he 
makes his living. So he should take an active 
part in the social life of the community. 

He must also pursue cultural development. 
The camera is only a tool, but because the 
technique of photography is complicated and 
fascinating, many remain obsessed with it. 
That is not the way to success. The photo- 
grapher must constantly broaden his outlook 
and develop his sensibility. He should be able 
to converse easily with a variety of people on a 
variety of subjects. There is, too, an ethical 
standard to maintain. He must command the 
respect not only of the public but of his fellow 
photographers. A.F.B. 

See also: Careers In photography: Commercial photo- 
graphy: Costing ; Prices of commercial photographs; 
Studio photography; Training for photography. 

Books: Photography as a Career, ed. by A. Kraszna- 
Krausz (London); The Business of Photography, by 
C Abel (London). 
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PROJECTION LAMPS. Special high inten- 
sity light sources designed to conform to the 
requirements of projection systems. 

See also: Carbon arc lamp: Filament lamps: Lamp caps 
and fittings ; Light sources; Point source lamp; Projection 
principles. 

PROJECTION LENS. The principal differ- 
ences between a projection lens and a photo- 
graphic lens is the result of their completely 
different conditions of use. Projection lenses 
are corrected for colour aberrations to suit the 
spectral sensitivity of the eye and the character 
of the light emitted by projector lamps, whereas 
camera lenses are corrected to suit the pan- 
chromatic emulsions used in photography. 
The projection lens is also used in conjunction 
with an illuminating system which may focus 
heat as well as light on the lens, so it must not 
incorporate any delicate cemented surfaces or 
unstable components. Again, there is rarely 
any need for a projection lens to cover a wide 
angular held, but the demand for high levels of 
illumination on large viewing screens calls for 
lenses of wide relative aperture. 

A large proportion of the projection lenses 
now in general use have been developed from 
the early Petzval lens form originally designed 
as a portrait lens or from an early form of 
microscope objective designed by Lister. Both 
the Petzval and Lister types consist of two 
widely separated doublet lens components and 
they are similar in performance. They are both 
capable of providing relative apertures wider 
than / 2 but their field of view is restricted by 
vignetting and poor definition in the outer parts 
of the field. 

Calculation of Focal Length. The focal length 
of the lens required for any combination of 
film size, screen, and length of throw is given 
by the equation : 

F = H 

M + 1 

where M is the optical magnification (obtained 
by dividing the width of the required screen 
picture by the width of the object or film to be 
projected) and U is the distance between the 
projection lens and the screen. 

This calculation will give the focal length of 
the required lens, but in practice it may turn 
out that none of the available lenses of that 
focal length has a wide enough covering power. 
When that happens, the focal length must be 
increased either by increasing U or decreasing 
M. 

For example, a 16 mm. film (width about 
0-4 in.) has to be projected to give a picture 
width of 5 feet (60 ins.) on a screen 12 feet from 
the lens. The magnification M = 60/0-4 - 
150. So, from the formula, the focal length of 
the lens (in inches) = 144/(150 + 1) = 0-96 — 
i.e., a 1 in. lens. But this value of focal length is 
only twice the diagonal of the 16 mm. film 
image to be projected, and in such a lens a high 


standard of definition at a relative aperture 
wider than / 2 is not possible with Petzval or 
Lister type construction. If only these forms 
are available the focal length must be increased 
to at least 1 j ins. by accepting a screen picture 
width of less than 40 ins. or by increasing the 
screen distance to more than 19 feet for a 
greater screen width. 

Covering Power. As a very general rule the 
angular coverage of Petzval and Lister type 
lenses can only be increased by reducing the 
relative aperture. A lens with a focal length of 
approximately twice the diameter of the film 
image will not usually cover the whole of the 
area unless it has an effective aperture of/3-5 
or smaller. 

If the lens must be designed for a larger aper- 
ture than this — i.e., so that it gives a more 
brilliant screen picture — then the focal length 
must be increased to three times the diagonal 
of the film image, or more. 

Where the lens must have a short focal length 
in situations where the screen distance is 
limited, it is necessary to utilize special pro- 
jection lenses developed from various forms of 
photographic anastigmat lenses. These alter- 
natives are usually of the Cooke Triplet or 
Tessar constructions and permit the selected 
focal lengths to be between one and two times 
the film diagonal. 

Relative apertures of such lenses vary 
between / 4 and /2-8; they sometime replace 
Petzval type lenses when these medium aper- 
tures are acceptable and cost of manufacture 
has to be kept down. 

Alternative Constructions. Whilst fundamental 
differences between the two constructions pre- 
vent projection lenses from being used as 
photographic lenses, a photographic lens can 
sometimes be used satisfactorily for projection. 
But caution must be exercised in using complex 
lenses in this manner. The damage done by the 
heat of the projection lamp is not always 
obvious except by photographic testing and 
repairs (possibly involving separation and 
re-cementing) can be costly if the original 
standard of performance is to be restored. 

Other more complex anastigmatic photo- 
graphic lens constructions have been con- 
siderably modified and developed as projec- 
tion lenses for special applications requiring a 
very high standard of definition under critical 
conditions — e.g., wide-screen cinema projec- 
tion. These lenses are more expensive than the 
normal types, but they have the wide relative 
apertures necessary to provide adequate illu- 
mination and can compete with the good 
central definition of the Petzval or Lister type. 
Their ability to maintain such a high standard 
at the edges of the picture as well as at the 
centre more than justifies their cost. G.H.C. 

See also: Lens history; Projection principles; Projectors 
(still). 

Books: Lenses in Photography, by P. Kingslake (New 
York); Photographic Optics, by A. Co* (London). 
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When several observers wish to view a posi- 
tive at the same time, an enlarged image of it 
may be projected by a suitable optical system 
on to a viewing screen. 

OPTICAL FACTORS 

A number of optical factors determine the 
quality of the image, its apparent brightness 
and its size. 

Image Quality. The quality of the image is 
affected by aberrations in the optical system. 
These aberrations are reduced by using optical 
components specially designed for the pur- 
pose. 

Then the quantity of light passing through 
the system must be sufficient to provide an 
adequate level of illumination on the screen. 
This is a matter of photometry and it dictates 
a great part of the design of the optical equip- 
ment. 

A few of the more important photometric 
principles and definitions may be summarized 
before considering any particular projection 
system. 

When a lens system, fulfilling the optical 
sine condition and having no absorption 
losses, f orms an image of an object on a screen, 
the illumination is BA/T J lumens per square 
foot (i.e., foot-candles), where B is the intrinsic 
brightness of the object in candles per square 
foot, A is the effective area of the lens aper- 
ture, and T is the throw or distance from lens 
to screen. 

If the object is a perfectly diffusing surface 
with 100 per cent reflectivity and is illuminated 
by one foot-candle, its intrinsic brightness is 
1 /tt candles per square foot, or one foot-lam- 
bert. Similarly, if the viewing screen is a perfect 
diffuse reflector (or transmitter) and is illu- 
minated by one foot-candle, its apparent 
brightness is one foot-lambert. Such a screen 
is said to have a “gain” of unity in all direc- 
tions. 

If the object is a transparency illuminated by 
a well designed aberration-free condenser 
system with no absorption losses, the apparent 
intrinsic brightness of its clear parts, when 
viewed from the projection lens, is the same as 
that of the light source. Similarly, the aperture 
of the projection lens when viewed from the 
screen appears to have the same brightness 
and it can in fact be considered as a source of 
that brightness and of that size. 

Image Brightness. The theoretical illumination 
on the screen, ignoring light lost by absorption 
and reflection, depends on three factors: it is 
directly proportional to the intrinsic brightness 
of the object (and to the brightness of the 
source in the case of transparencies) and to 
the effective area of the projection lens aper- 
ture, and it is inversely proportional to the 
square of the throw. 


Before we can determine the relative aper- 
ture that is required in the optical system, the 
type of light source, its size and how it is to 
illuminate the object, we must have some idea 
of the screen brightness to be aimed at. The 
following table gives a very rough indication 
of what is ideal for various applications. 

SCREEN BRIGHTNESS 


Location 

Screen Brightness 
Foot-lamberts 

Cinemas 

9-15 

Schools (partial black-out) 

0-12 

Schools (complete black-out) 

4-0 

Houses (daylif ht on average curtains) 

2- 5 

Houses (complete black-out) 

1- 2 


No screen will reflect or transmit all the 
light incident upon it and if it is perfectly 
diffusing its gain in all directions will be less 
than unity. These figures must therefore be 
divided by the gain of the particular screen to 
be used before we can decide the necessary 
illumination in foot-candles. 

So, for a school with complete black-out 
where a screen brightness of 8 foot-lamberts is 
wanted with a screen of gain = i, the actual 
illumination figure would be (8 x 4)/3 = 10j 
foot-candles. 

There are special directional screens which 
can appear to be much brighter in a particular 
direction than any diffuse surface. 

In cinematography allowance has to be made 
for the fact that the illumination is intermittent 
and the projector while running produces only 
about half the illumination it does while 
stationary. 

Image Size. The size of a screen image depends 
on three factors: the size of the object being 
projected, the focal length of the projection 
lens, and the distance between the projection 
lens and the screen. 

When using a standard projector with a fixed 
object (i.e., lantern slide or cine frame) size 
and one projection lens the size of the screen 
image for a particular screen distance is given 
by: 

, O (U - F) 


where U is the distance of the projection 
lens from the screen, F its focal length, O the 
width of the object being projected, and I the 
width of the screen image. 

For example, suppose 24 x 36 mm. trans- 
parencies are projected by a 4 ins. lens on to a 
screen 8 feet from the lens. 36 mm. is approxi- 
mately 1 -4 ins. so the screen width is: 


I = 


1-4(96 - 4) 128-8 


= 32J ins. 


The screen distance required to yield a given 
screen dimension from one object size and one 
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STILL PROJECTION SIZES AND DISTANCES, Top: Film slides and strips. Bottom: Standard and 21 X 2J ins. slides. To find 
projected size, lay a ruler horizontally across graph, at projection distance to be used. Note distance of point from left edge when 
ruler cuts line of focal length of projector lens. Same distance on top or bottom edge gives image size. To find projection distance 
for given screen image, lay ruler vertically on graph, and measure vertical distance f rom bottom of required focal length line. 
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AMATEUR CINE PROJECTION SCREEN SIZES AND IMAGE DISTANCES. Top: 16 mm. ( silent and sound) and 0 mm. narrow gauge 
film. Bottom: 9-5 mm. silent and 9-5 mm. sound film. The height of the screen image in the case of 8 and 16 mm. film as well as 
9-5 mm. silent is three-quarters of the width; with 9-5 mm. sound film it is slightly more than three-quarters. All screen image 
sizes are based on the projector gate aperture, and not on the actual frame size on the film : the latter is slightly larger. 


E. — GO 
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projection lens can be obtained by rearranging 
the above equation into the form 

x-'-V 2 

The focal length of a projection lens to suit 
4 feet is obtained when the screen distance 
_ 4(48-1-4) = IBM _ 133 jns 
u 1-4 1-4 


The focal length of a projection lens to suit 
any combination of ob ject size, screen size and 
screen distance is obtained from the equation : 


F = 


UO 
I + O 


In the previous examples the projection lens 
focal length required to yield a 4 feet wide 
screen picture 8 feet from the lens is: 

_ 96 x 1-4 134-4 

F = 48^T4 = W =2ilnS - 


The values of F obtained in this way may 
correspond to angular covering powers beyond 
the capabilities of the available projection 
lenses and the screen width may have to be 
reduced or the distance increased to reach a 
more usable focal length. 


PROJECTION SYSTEMS 
Most classifications of projection systems 
divide them into two broad groups : projection 
of opaque originals by reflected light (episcopic 
projection) and showing transparent originals 
by transmitted light (diascopic projection). 
Projectors are accordingly designed for either 
system; some models provide for both. 
Episcopic Projection. The simplest form of 
projector from the theoretical point of view 
is the episcope in which the light reflected 
from a brilliantly illuminated opaque object is 
focused by a lens system to f orm an image on a 
screen. As the light is reflected by the object in 
all directions, only a small percentage falls on 
the lens and passes through to form the image. 


Because the amount of useful light available 
is so small, it is not possible to have a large 
bright screen image. 

The screen illumination is given by the equa- 
tion E = BA/T* where E is the illumination on 
the screen, B is the brightness of the perfectly 
white parts of the object, A is the area of the 
projection lens aperture and T is the throw. 

An illumination on the object of 10,000 foot- 
candles is possible if it is near a 2,000 candle- 
power lamp reinforced by mirror surfaces, i.e., 
B is 10,000*-. With an episcope giving a magni- 
fication of 20 with an 8 ins. / 4 lens, the throw 
is 168 ins. and the area of the lens is 3-14 
square ins. E is therefore 


10,000 x 3-14 
3-14 x 168 x 168 


•35 foot-candles. 


In practice E would be less than this because 
the object and the projection lens absorb light 
and with such a low screen illumination the 
episcope would have to be used in a completely 
darkened room. The screen illumination can 
be improved by using a lens with a wider 
aperture, being satisfied with a smaller image 
or increasing the brightness of the object by 
using a more powerful lamp. 

If the projector is on the same side of the 
screen as the viewer, the image formed by the 
lens system is, of course, laterally inverted (the 
right and left sides are interchanged). This is 
undesirable, particularly if the subject includes 
writing or print, so the projected beam of light 
must be reflected from a mirror placed imme- 
diately in front of the projection lens to invert 
it back again to normal. With back projection, 
no lateral inversion takes place and the mirror 
is not required. 

There is a very similar arrangement for pro- 
jecting transparencies in which a well illu- 
minated diffusing screen is placed behind the 
object, making a combination that can be 
considered as self-luminous. Here again it is 



STILL PROJECTOR SYSTEMS. Left: Episcope. No direct light reaches the photograph but only light reflected from the walls of 
the lamp house. A, screen. 8, plane mirror. C, lens. D, lamp house. E, filament lamp. F, photograph. Right: Film strip and slide 
projector. G, lamp reflector. H, lamp. I, double condenser. J, transparency. K, projector lens. L, screen. 
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CINE PROJECTOR SYSTEMS. Top: Commercial cinema projector utilizing an arc lamp and concave reflector. Bottom: Filament 
lamp and relay condenser system. The first condenser forms an image of the source in the plane of the second condenser, while the 
latter forms an image of the first condenser on the film. The third condenser forms an image of the second one in the plane of the 
Ions. A, reflector. B, light source. C, film. D. lens. E, screen. F, G and H, condensers. 


difficult to obtain sufficient light on the screen 
since the amount of illumination diffusely 
transmitted is not greatly different from that 
diffusely reflected by a white object under the 
episcope. 

The lateral inversion of a transparency can 
be overcome by turning it around in the slide 
holder. 

Diascopes. Another form of projection system 
suitable for transparencies uses a condensing 
system to form an image of the light source in 
the pupil of the projection lens whilst the cone 
of light forming that image passes through the 
transparency. 

If the condensing system is free from aberra- 
tion, all light rays from the light source passing 
through the transparency enter the projection 
lens aperture. So, when looked at from this 
aperture, all clear parts of the transparency 
appear equally bright. Provided the size of the 
image of the light source is slightly greater 
than the aperture of the projection lens (i.e., 
the lens is completely “flashed”), the size of 
the source and its magnification are on the 
whole immaterial. 

Since current consumption and heat emission 
increase with increasing source size, it is usual 
to choose the greatest magnification and 
smallest source that the aberrations of the 
condenser system permit. 

In calculating how much light is projected 
on to the screen, there is one big difference 
between episcopic and diascopic projection. 
Since we can use the light emitted from all the 
surfaces of the light source in the episcope, 
we want to know its total candle-power. 

With the diascope, however, the condenser 
system and projection lens will determine how 
much of the source surface is usefully employed 
and in this case we want to know its intrinsic 
brightness in the direction of projection, i.e., 
how bright the illuminated transparency looks 
when viewed from the projection lens. 


Since the light sources specially designed for 
this work are relatively small and capable of 
considerable light output, their brightnesses 
are more conveniently expressed in candles per 
square centimetre. 

As an example, for an 8 ins. / 4 lens work- 
ing at a magnification 20, and a transparency 
illuminated by a light source with a brightness 
of 750 candles per square centimetre, the 
illumination on the screen, at points corres- 
ponding to the perfectly clear parts of the 
object, is (750 x 3T4)/(168 x 168) lumens/sq. 
cm. or 

750 x 3-14 x 929 _ 77 lumens/sq. foot (foot- 
168 x 168 “ candles) 

A comparison with the very similar episcope 
example, giving a screen brightness of -35 
foot-candles, shows that the diascope makes a 
very much better projector. 

This intensity of illumination is unneces- 
sarily high for ordinary projection even when 
an allowance is made for light absorption and 
scatter in the optical system and for poor 
screen material. It would be reduced in practice 
by using a lens of smaller aperture, by increas- 
ing the magnification or by using a lamp of 
lower intrinsic brightness. 

The tungsten filament lamps which are al- 
most always used in projection of this sort 
give off a great deal of heat and if the trans- 
parency is in the form of film strip a heat 
absorbing glass filter will be necessary. This 
will reduce the amount of light reaching the 
screen by some 15 percent. 

Epidiascope. Some manufacturers incorporate 
episcopic and diascopic principles in one 
instrument which is known as an epidiascope. 
Its essential features are an enclosed space 
containing the illuminant and alternative means 
of illuminating either a transparency mounted 
at the front or a solid object at the bottom. 
There must be a lens at the end of a tube in 
front of the transparency for diascopic pro- 
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jection; and a lens and mirror at the top for 
episcopic projection. 

Cinema Projection. In the third type of projec- 
tion system, used for large screen cinemato- 
graphy, the source is imaged on the trans- 
parency instead of the projection lens. 

This method is chosen because the film frame 
is usually smaller than the projection lens 
aperture and permits the use of a smaller 
source. That keeps current consumption and 
heat emission within practical limits. 

If the source were imaged on the back of the 
lens, the necessary condenser conjugates would 
be very short and the light source would be 
brought very near to the film where it would be 
in the way of the mechanism and where its 
heat could not be tolerated. 

Because filament lamps do not give the 
necessary uniformly bright light source, cinema 
projectors use either the carbon arc or the high 
pressure vapour lamps. These are sufficiently 
uniform for the purpose, and give the much 
higher brightnesses essential for large screens. 


LIGHTING SYSTEMS 

The light system in a projector must give even 
illumination, it must avoid light losses, and it 
must not transmit too much heat to the slide. 
Tbe Light Source. Tungsten filament lamps are 
generally used in miniature film strip, trans- 
arency or positive projectors. They have a 
igh intrinsic brightness and for practical 
reasons they are mostly lamps of low voltage 
taking a large amount of current, with the 
filament wound in tight coils set close together. 

The lamp relies on the high operating temper- 
ature of the tungsten and emits more energy 
in the form of heat than light, so the lamp used 
is always the smallest that the condenser system 
permits. Smaller lamps are also more economi- 
cal. Because of the heat emitted by these lamps, 
the lamphouse must be well ventilated and 
often cooled by an electric fan to prevent the 
glass f rom sof tening. 

Tungsten melts at 3655° K. and at this tem- 
perature has a brightness of about 6,000 
candles/sq. cm. The filament in projector type 
lamps operates between 2,900° K. and 3,400° K. 
yielding brightnesses of the metal between 
1,000 and 3,000 candles/sq. cm. The effective 
brightness of any useful area of the source 
includes, of course, non-radiating space due 
to the turns in the coils and the spacing be- 
tween them, and an average brightness of 
about 1,500 candles/sq. cm. is approximately 
the best that can be hoped for theoretically. 

If this type of source is placed at the centre 
of curvature of a concave mirror, an image of 
the coils can be formed in the non-radiating 
spaces, thus increasing the average brightness. 
The improvement varies with different lamps, 
but seldom exceeds 50 per cent. 

The more recent electric discharge lamp con- 
sists of an arc between tungsten electrodes 
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contained in mercury vapour. It is capable of a 
very high light output without a corresponding 
increase in heat emission. A high pressure 
mercury vapour lamp can produce several 
times the screen illumination given by a 
tungsten filament lamp of the same wattage 
with far less heat. Such lamps are more robust 
and last longer than tungsten filament lamps. 

The ordinary mercury vapour discharge lamp 
is very suitable for monochrome projection 
but it does not give a perfectly true rendering 
of colour because its emission of green and blue 
light is greater than the red emission. Specially 
made lamps are used for projecting colours. 
These carry mercury vapour at a higher pres- 
sure and also contain other elements such as 
cadmium so that the light emitted approxi- 
mates white light. 

The concentrated arc lamp is another light 
source that is used for very small projectors. It 
has fixed electrodes sealed in an argon-filled 
bulb and the light is emitted from a thin film of 
molten zirconium and the neighbouring vapour. 
The source itself is quite small — ranging from 
-003 in. diameter in a 2 watt lamp to -10 in. 
in a 300 watt lamp. 

A special discharge lamp developed for 
cinema projectors is a pulse-arc, a concentrated 
gas arc with an intermittent light of 72 flashes 
per second. This is used with shutter-less pro- 
jectors, the pulsing light taking the place of the 
continuous light cut off periodically by the 
projector shutter. This gives greater light 
efficiency, as no light is wasted during the dark 
periods. The lamp itself is only just over 3 ins. 
long, the brightness is equivalent to a 60-amp. 
high-intensity arc. 

The following table gives an indication of the 
approximate brightnesses of various types of 
light source. 


PROJECTION LIGHT SOURCES 


Light source 

Volts 

Watts 

Brightness 
candles / 
sq. cm. 

Tungsten filament ... 

50 

250 

1.000 

Tungsten filament ... 

110 

100 

600 

Tungsten filament 

1 10 

500 

900 

Tungsten filament ... 

no 

1,000 

1.250 

Tungsten filament ... 
Mercury vapour at 

230 

500 

500 

12 atmospheres ... 


100 

1,000 

10 atmospheres ... 


500 

1,000 

25 atmospheres ... 


100 

12,000 

30 atmospheres ... 


500 

20,000 

Gas arc pulse lamp ... 

420 

BOO 

50,000 

Zirconium concentrated arc 


100 

3,900 

Zirconium concentrated arc 


300 

5,200 

Low intensity carbon arc ... 
High intensity carbon arc 



17.500 

70 amperes 

High intensity carbon arc 



70,000 

150 amperes 



66,000 

Sun at zenith 



165,000 


The Condenser System. The optical arrange- 
ment of lenses and/or mirrors which illu- 
minates the object cannot affect the definition 
of the final image to any appreciable extent, 



PRO 


but it can and very often does affect the varia- 
tion of illumination over the field. 

A very common form of condenser lens 
system consists of two piano convex lenses 
with their vertices almost in contact, and in 
this case the focal length and /-number of each 
is twice that of the whole. An aperture of about 
f\ -5 is the limit for any single element of a 
system having all surfaces spherical. 

Excessive spherical aberration, which varies 
as the square of the lens diameter, may evi- 
dence itself as wide dark annular rings on the 
screen. These occur when all the rays from a 
zone of the transparency do not get through the 
projection lens, and its aperture will not appear 
to be filled when viewed from the corresponding 
image point at the screen. 

If the aberrations of a condenser system 
cannot be accepted, the focal length — and 
hence the/-number— must be increased by using 
a larger source and a smaller magnification, or 
alternatively it must be replaced by another 
system containing more elements with shallower 
surfaces, or one containing aspheric surfaces. 

Another optical system uses what is known 
as a relay condenser. In this the first component 
forms an image of the source on a second com- 
ponent which in turn forms an image of the 
first on the film. At the same time a third 
component very close to the film forms an 
image of the second, and therefore of the source, 
in the aperture of the projection lens. This type 
of condenser system provides very even illu- 
mination, and is particularly efficient if one or 
two of the elements have aspheric surfaces. 

In the third type of projection a uniform 
source is imaged on the object. In this case the 
image-forming cone of light should flash the 
projection lens aperture, i.e., the condenser 
and lens apertures have to subtend the same 
angle at the object. 

A very common arrangement uses an ellip- 
soidal mirror with the source at one focus and 
its image at the other. A relay condenser for 
this type of projection consists of only two 
components (although each component may 
have more than one element). Both components 
combine to form an image of the source on the 
object, whilst the second forms an image of the 
first in the projection lens aperture. This 
second image must flash the lens aperture. 

In the integral reflector lamp the ellipsoidal 
mirror is the specially shaped and silvered rear 
portion of the glass bulb itself. The front of the 
bulb is also blown out to a spherical shape and 
silvered, leaving only an opening for the con- 
centrated light beam. The result is a sufficiently 


intense and focused beam to require no con- 
denser system at all. The film is at the second 
focus of the ellipsoidal reflector. This arrange- 
ment is particularly compact, but is so far 
available only for 8 mm. cine projectors. 

Light Transmission. The light lost at the various 
glass-to-air surfaces and absorbed by the 
thickness of the glass reduces the illumination 
on the screen. The loss at a glass-to-air surface 
is 4 or 5 per cent of the light reaching it from 
preceding surfaces according to the type of 
glass, and the absorption in the glass itself is, 
very approximately, 2 per cent per inch. So 
even with a system of very thin components 
having fourteen glass-to-air surfaces, only about 
55 per cent of the light reaches the screen. 

Coating or “blooming” lens surfaces reduces 
the loss to about 1 per cent at each surface. A 
thin system of fourteen bloomed surfaces may 
transmit as much as 85 per cent of the avail- 
able light. 

The coating consists of a film, 4-millionths of 
an inch thick, of a transparent material having 
a refractive index as near as possible equal to 
the square root of the index of the glass. It is 
usually applied by evaporating magnesium 
fluoride on to the glass in a vacuum. 

Heat Transmission. The heat emitted by very 
bright tungsten filaments is sufficient to ruin 
the object placed in an episcope or diascope 
unless special precautions are taken. Episcopes 
usually have forced air cooling, and most 
diascopes include a heat absorbing filter made 
from special glass. The energy absorbed by the 
filter is conducted away by air currents. 

Although heat filtering glass has a lower 
coefficient of expansion than usual, it will crack 
if the illumination on it is not uniform and for 
this reason the whole surface, including the 
extreme edges, must be exposed to the radia- 
tion. When it is impossible to obtain uniform 
heat over a large filter it is divided into several 
strips about 1 in. wide mounted edge to edge. 

A polished sheet of this glass 3 mm. thick 
absorbs about 91 per cent of the heat energy 
and about 1 3 per cent of visible light. 

All elements of a condensing system which 
lie close to a source of great heat, or to an 
image of it, are made from heat resisting glass 
or fused quartz. G.H.C. 

Sec also: Lantern lectures; Light sources; Magnification; 
Optical calculations; Projectors (still); Screens for pro- 
lection; Transparency viewing and projection. 

Books: Filmstrip and Slide Projection, by M. K. Kidd 
and C. W. Long (London); How to Project, by N. 
Jenkins (London); Photographic Optics, by A. Cox 
(London). 


PROJECTION PRINTING. Any method of 
printing in which the image is projected on to 
the sensitized material by an optical system — 
e.g., an enlarger. 

See also: Enlarging, 


PROJECTORS (CINE). Apparatus for pro- 
jecting motion picture films. More elaborate 
than still projectors and with mechanism for 
transporting the film intermittently. 

See also : Cinematography; Projection principles. 
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PROJECTORS (STILL) 


Still projectors may be divided into two 
different groups, the first lor use with miniature 
transparencies, the second for 3i x 3i ins. and 
larger lantern slides. The general construction 
of these two types of projector is fundamentally 
the same, but each has its own characteristic 
features. 

In addition to these established types, there 
are also the more recent projectors for 2t x 
2i ins. slides. The majority of these are similar 
in construction to miniature projectors, whilst 
some are simply 3i x 3i ins. projectors with a 
21 x 21 ins. slide carrier. This size projector 
therefore is not so much a separate type as a 
modification of either the miniature or the 
standard 3i x 3i ins. projector. 

Miniature Projectors. The typical projector 
consists of a metal lamphouse containing the 
projection lamp, a carrier for the transparency, 
and an optical system made up of a condenser, 
a heat filter, and a projection lens. The lamp- 
house is ventilated to get rid of the heat gener- 
ated by the projection bulb; in the higher 
powered projectors, the ventilation may be 
assisted by an electrically driven f an. The 
illuminant is usually an A1 Projector lamp of 
the tubular type, with a diameter of approxi- 
mately 32 mm. Behind the lamp is a spherical 
mirror to reflect light back towards the lens. 
The condensers focus the combined direct and 
reflected light into a concentrated beam just 
large enough to illuminate the area of the 
transparency. The filter of heat absorbing 
glass is incorporated in the condenser system 
to protect the transparency from the heat of 
the lamp. The transparency is placed in the 
carrier, and the image is projected on to a 
screen and focused by the lens. Most projectors 
incorporate a tilting device to enable the image 
to be raised or lowered to the height of the 
screen. The design of the optical system varies 
according to the power of the projector. 

Miniature projectors may be fitted with a 
carrier for either film strips or miniature slides. 
In many cases, both types of carrier can be 
fitted, but in some the existing carrier is not 
interchangeable and the projector is restricted 
for use with either film strips or slides. There 
are several types of film strip and slide carriers. 
Film Strip Carriers. There are two distinct 
patterns: the more common design is known as 
the spool type, the other a more elaborate 
sprocket driven type. 

In spool type projectors the film is wound 
from one spool to another across the film gate. 
Usually the film is held flat during projection by 
two pieces of glass, but some film carriers hold 
the film only by the perforations and are glass- 
less. The projectionist must watch the screen as 
the film is wound on to see when to stop wind- 
ing. In some cases the glasses must be separated 
by pushing the winding spool forward as the 
film is wound. In other machines, the glasses are 


fixed close enough to keep the film flat, while 
allowing it to travel freely. 

Sprocket driven types are designed to trans- 
port the film frame by frame, with an automatic 
stop as each frame is brought into position. 
Most of these carriers advance the film four 
sprocket holes with one turn, that being the 
number of sprocket holes in a single or cine size 
frame (18 x 24 mm.). Double frame (24 x 36 
mm.) films require two turns. Linked with the 
sprocket wheel is a cam mechanism which sep- 
arates the pressure glasses as the film is wound. 

Single frame film strips are invariably shown 
with the film running vertically. Most, but not 
all, double frame strips are wound horizontally. 
For this reason, on a general purpose projector 
the carrier can be rotated at least through 
90°. Carriers suitable for double frame strips 
can usually be masked down for single f rames. 
Miniature Slide Carriers. Miniature slides are 
often referred to as 2 x 2 ins. slides. That is 
because the over-all size is roughly 2 ins. square 
(the British Standard is 50-8 mm.). Miniature 
slide carriers are mostly of two types, the verti- 
cal and the horizontal type. 

Vertical carriers are the cheapest type to 
manufacture. They consist simply of a chute, 
made to accommodate three slides, with an 
aperture in the centre. The first slide drops to 
the bottom of the chute and is used to support 
the second while it is being projected. The next 
slide is placed on top of the second, and the 
bottom slide is removed when the slide requires 
changing, causing the two slides above to drop. 

This type of carrier has the advantage that 
the slides are always loaded from one position. 

Horizontal carriers are the more popular 
type. The carrier in this case consists of a 
double slide holder which slides from side to 
side across the picture gate. While one slide is 
being projected, the next is loaded into the 
vacant side of the carrier. The carrier is then 
moved across to bring the new slide into the 
picture gate, when the first slide can be ex- 
changed for the third, and so on. 

These carriers are generally fitted with spring 
clips which hold the slides in the same plane. 
Unlike the vertical carrier, the horizontal type 
has to be loaded from alternate sides of the 
projector. 

Slide magazines, holding from 30 to 70 
slides, are becoming increasingly popular 
among current miniature projectors. The com- 
plete magazine slides into the projector or into 
a magazine attachment, and the slide changing 
control automatically advances the magazine 
slide by slide every time the picture is changed. 
Slide magazines are an essential feature of auto- 
matic projectors with remote control operation. 
Types of Miniature Projector. There is a 
wide variety of miniature projectors, from 
simple low-power types to the more complex, 
high-powered instruments embodying built-in 
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transformers and motor-driven cooling fans. 
There is no sharp dividing line between one 
type and another, but for convenience they can 
be considered under four different headings: 
low power projectors (100-150 watts or less), 
medium power projectors (250-300 watts), high 
power projectors (with fan cooling) and special- 
ized models for publicity and stereo projection. 

Low power projectors employ lamps of 100- 
150 watts and less. These models are usually 
designed for cheapness, but there are also high 
quality models in this range — e.g., the compact, 
portable machines designed to meet the needs 
of commercial travellers. There are also 
battery operated projectors, restricted to using 
low wattage lamps, for use in districts where 
there is no electricity supply. 

In the cheaper types there are only two con- 
densers, and the lens is of the Petzval type. 
Some models in this class do not include a heat 
filter, while in others a cheap and inferior type 
is used. This type of heat filter is greenish 
blue in colour, and absorbs more light than the 
almost colourless glass used in the more expen- 
sive machines. 

Recently, projectors using 150 watts have 
appeared in this country. These are naturally 
brighter than the normal 100 watt machine and 
in conjunction with a first class optical system 
the results compare favourably with medium 
power projectors using 250 or 300 watt lamps. 
If the optical system is of the simple type, a 150 
watt projector can be regarded as a low power 
model. 

Low power projectors need to be operated 
in complete darkness, especially when project- 
ing colour transparencies. A short distance 
between projector and screen is advisable, and 
the transparencies should be kept as thin as 
possible consistent with good quality. General- 
ly speaking a picture size of 30 x 40 ins. or 
40 x 50 ins. is about the largest that projectors 
of this class will give with reasonably good 
illumination. 

Medium power projectors are the most popu- 
lar class of projector, and include machines 
fitted with 250 or 300 watt bulbs. Usually they 
have a reasonably efficient optical system with 
two condensers and sometimes three; a heat 
filter is also fitted. The lamphouse is larger 
than those of lower power to prevent over- 
heating with the more powerful lamps. 

In many machines of this class the lens and 
condensers are coated to reduce the loss of 
light by reflection, and so increase the light 
transmission. In some makes even the heat 
filter is coated. The lens may be a Petzval, or 
it may be a projection anastigmat. Frequently 
lenses of various focal lengths can be fitted to 
cover a range of picture sizes and projection 
distances, and in some makes special attach- 
ments are available for showing micro-slides. 

If the projector has an aspherical condenser 
it may have a light output roughly double that 
of the more conventional type. Thus a 250 watt 


machine using an aspherical condenser will be 
found to give a result similar to that of some 
models using 500 watt lamps. This factor 
should be taken into account when classifying 
such a projector, as the 150 watt model really 
belongs to the medium power group, while the 
250 model should be included among the high 
power machines. 

Medium power projectors can be used on 
either A.C. or D.C. electricity supplies. They 
are popular for use both in the home and the 
classroom. They will also give a reasonably 
good result in a small hall or lecture room. 
When used with colour slides under good con- 
ditions a screen size of 4 x 6 feet is usually well 
within the limits of this class of instrument and 
slightly larger pictures can often be projected 
satisfactorily. 

With black and white transparencies quite 
good results can be obtained in classrooms 
having only partial black-out. 

High power projectors include machines 




CONSTRUCTION OF STILL PROJECTORS. Top: Miniature film 
strip and slide projector. A, condenser system. B, ventilation 
baffles of lamp house (powerful projectors incorporate a 
blower unit). C, pre-focus lamp. D, pressure plates for film 
strips. E, film spools ( the whole film strip unit is usually inter- 
changeable against a miniature slide carrier). F , lens in helical 
mount. G, base. H, lifting adjustment. Bottom: Standard 
3i x 3J ins. projection lantern. I, lamp house. J, I amp reflector. 
K, projection lamp in adjustable lamp holder. L, tilting clamp. 
M, base. N, condenser system. O, slide carrier. P, square 
bellows. Q, lens. R, extension roifs. 
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OPTICAL LAYOUT OF MINIATURE PROJECTORS. Top: 
Low-price film strip projector. This generally uses a low- 
voltage, compact source, filament lamp of the motor car head- 
lamp type, and is intended primarily for home use where a 
high light output is unnecessary. Bottom: Precision film strip 
projector f or home and lecture hall use. It utilizes a high-power 
projection lamp, improved optical system, and incorporates at 
least a heat filter (often also a fan for forced cooling) to protect 
the transparencies. In both cases the components ore A, lamp 
B, double condenser; C. film strip ; D, projection lens; E, lamp 
reflector; F, heat filter; G, front condenser (may be aspheric). 

using lamps from 500 watts to 1,000 watts with 
a motor-driven fan to cool the lamp, which 
would otherwise fuse through heat. Some of the 
draught from the fan is also used to cool the 
transparency, which, with 750 or 1,000 watt 
lamps, may need to be protected by two or three 
heat filters. 

The manufacture of lamps of 500 and 750 
watts to work direct from the mains voltage has 
greatly increased the popularity of this type of 
projector, which is no longer dependent on a 
transformer Transformers are still necessary 
for 1,000 watt lamps and are often housed in 
the base of the machine. Most fan cooled pro- 
jectors will operate on A.C. mains only although 
some universal models are manufactured. 

500 watt projectors are excellent for use in 
the home, and classroom. 750 watt models are 
suitable for fairly large rooms and medium 
sized halls, or for classroom use in daylight. 
1,000 watt models are designed for large halls. 

Automatic miniature projectors use slide 
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magazines, and incorporate a motor which 
actuates the slide changing mechanism on 
closing a switch. The latter may be at the end 
of a remote control cable, or connected to a 
time switch for automatic slide changing at 
pre-set intervals, or closed by a relay. This last 
principle is used for projectors controlled by 
cueing impulses from a magnetic tape recorder. 
The magnetic tape then controls the whole 
slide show, and also reproduces a pre-recorded 
commentary. Further refinements of automatic 
projectors may include remote-controlled 
focusing, with another motor moving the lens 
forward and backward as required. 

Publicity projectors are special automatic 
miniature projectors designed to work con- 
tinuously in exhibitions, showrooms and shop 
windows. They are usually sold complete with 
a small translucent screen and the whole appar- 
atus is housed in a cabinet, something like a 
television set in outward appearance. These 
machines are mostly designed to project minia- 
ture slides, but models for projecting film strips 
are also available. The projection unit itself is a 
normal automatic projector, usually with a 
time switch or tape recorder coupling, and 
sometimes with circular magazines to permit 
indefinite repetition of the slide sequence. 

Stereo projectors consist of two optical 
systems set up side by side. Usually there are 
two lamps, but sometimes one lamp only is 
used, the light being split to illuminate each of 
the frames. A polarizing filter is placed immedi- 
ately in front or behind the transparencies, each 
filter being set at 90° to the other. 

The images are projected on to an aluminized 
or silver screen (normal white or beaded screens 
are unsuitable) and the lenses adjusted to bring 
the images into register. Polarizing spectacles 
are wom by the viewer with the filters arranged 
at the same angle as the polarizers in the pro- 
jector, so that the viewer sees only one image 
with each eye. 

A special stereo mounting jig may be used 
to mount the slides in correct alignment. This 
reduces the need for adjusting the lenses, and 
saves time and eye strain. 

3J x 3i Ins. Projectors. Their basic principle is 
the same as that of the miniature projector but 
the following features are characteristic: 

The lamp is still an A1 Projector bulb, but of 
a wider type than those used in 35 mm. pro- 
jectors. Its glass envelope measures 64 mm. 
in diamcver, and the filament is larger and con- 
sequently less efficient than the narrow type. 

No heat filter is fitted, even with a 500 watt 
lamp. A heat filter assembly which clamps to 
the lamp socket is usually available as an extra. 

A double plano-convex condenser is the 
type usually fitted. Sometimes a third plano- 
convex condenser is added for greater brilliance, 
but generally speaking the condenser system is 
less elaborate than that of miniature machines. 

A square folding bellows is mostly used to 
connect the slide carrier to the lens panel, which 
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is attached to two extending rods. This arrange- 
ment takes the place of the telescopic tubular 
focusing lens mount on the miniature projector. 
The focal length of the lens is normally 8 or 10 
ins., so that a fairly long bellows is needed. 

The 3$ x 3i ins. size slide is probably used 
much more for monochrome than it is for 
colour. For black-and-white slides a 250 watt 
model is usually adequate in home or classroom 
for pictures up to 5 or 6 feet square. For par- 
ticularly long throws a fan cooled 1,000 watt 
model may be employed, or alternatively a 
direct current arc projector. 

Although more unwieldy and using a less 
convenient size slide than the miniature projec- 
tor the standard size lantern is still preferred 
for some kinds of work. The larger size slide 
can record finer detail than can normally be 
reproduced on the smaller size and hand work — 
e.g., anotating and colouring — is more practic- 
able than on the miniature slide. 

2} x 21 ins. Projectors. This is the most recent 
slide size, and appeared largely to provide a 
format for 2J x 2} ins. colour transparencies 
produced by 2{ 2\ ins. roll film cameras. 

In construction these projectors are usually 
scaled-up 2 x 2 ins. models, and many of them 
will also take 2x2 ins. slides in special 
carriers. They never became very popular, 
especially since roll film transparencies are 
frequently trimmed down and mounted as so- 
called super-slides (1 1 x ljj ins.) in 2 x 2 ins. 
slide frames for use in miniature projectors. 
Episcopes and Epidiascopes. An episcope will 
project images of opaque objects such as book 
pages, photographic prints, maps, diagrams 
and small solid objects. Most episcopes work 
on the following principle: 

The object is placed on a platform which can 
be raised and clamped under a sheet of tough- 


ened glass to hold it flat. The object is illu- 
minated from above by means of a lamp and a 
number of mirrors, and the light is reflected 
from the object to a surface silvered mirror 
(inclined at 45°) at the top of the lamphouse. 
An episcope lens is placed in front of the 
mirror, and focused so that an image of the 
object appears on the screen. Shown on an 
opaque screen, the image will appear the 
correct way round. In some episcopes, there 
is no 45° mirror, in which case the image will 
be reversed unless back projection is used on a 
translucent screen. Episcopic projection must 
normally be done in a darkened room, as 
reflected light is less intense than light trans- 
mitted through a transparency. 

Most episcopes will be found to be fitted with 
a 500, 750 or 1,000 watt lamp, which is cooled 
either by a motor-driven fan or by convection. 

An epidiascope is a combined episcope and 
diascope so that both opaque objects and 
lantern slides can be projected. The diascopic 
attaclunent can often be obtained separately 
to convert an episcope into an epidiascope. 

The attachment consists of a lens holder, 
slide carrier and condenser which are placed 
on the front of the lamphouse, in line with the 
lamp. The front mirror used to help illuminate 
the object when the machine is employed as 
an episcope must be moved clear of the lamp 
so as to cause no obstruction between lamp and 
slide. The diascopic attachment may be for 
standard slides or miniature slides and film 
strips, and sometimes a micro-slide adaptor 
(for projecting microscope specimens) is also 
available as for miniature projectors. C.W.L. 

Sec also: Cinematography ; Lamp caps and fittings: Light 
sources ; Projection principles. 

Books: Film Strip and Slide Projection, by M. K. Kidd 
and C. W. Long (London); Photography , Theory and 
Practice, by L. P. Clerc (London). 


PSEUDOSCOPIC PAIR. Pair of images 
which, when viewed by any of the normal 
methods of stereoscopy, give an impression 
which is the reverse of stereoscopic — i.e., the 
front of any object appears farther away from 
the observer than the back. The effect may be 
easily produced by viewing a normal stereo- 
scopic pair with the left and right hand pictures 
transposed. 

PSYCHICAL RESEARCH. Apart from the 
fraudulent practitioners of so-called “spirit 
photography”, many investigators of psychic 
phenomena have used the camera in the effort 
to produce tangible evidence of the powers 
claimed for or by spiritualist mediums. 

It is authentically reported by Sir William 
Crookes, that “in the full blaze of the electric 
light” Katie (a spirit form) and Miss Cook 
(a medium) were seen together by eight per- 
sons in addition to himself. Forty-four photo- 
graphs were taken and all of these showed 


marked differences between the medium 
and the apparition. To the arguments of 
trickery Sir William replied: “To imagine the 
Katie King of the last three years to be the 
result of imposture does more violence to one’s 
reason and commonsense than to believe her 
to be what she herself affirms.” 

Some of these photographs are still extant 
and show Sir William arm in arm with the fair 
apparition. The sceptics alleged that Katie and 
Miss Cook were one person and the photo- 
graphic evidence serves but to confuse the 
issue. 

It is now some eighty years ago since Sir 
William commenced his investigations and 
the general verdict of experienced investi- 
gators is “not proven”. 

During the years 1908 to 1918, flashlight 
(magnesium powder) photography was em- 
ployed in France and Germany to a con- 
siderable extent in the study of the medium- 
ship of a young lady who called herself Eva C. 
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Many experiments were conducted by Mme. 
Bisson and Baron von Schrenck Notzing, a 
practising physician in Munich. 

The photographic exposures during the 
sittings were usually carried out by Schrenck 
Notzing. The medium occupied a curtained 
corner of the seance room and one or more 
cameras were trained on the curtain. The room 
was illuminated by dark ruby light only. The 
lenses were left uncapped in this light and 
remained open during the whole of the seance. 
The magnesium (about a tenth of an ounce) was 
ignited by mains electricity. It was only 
necessary to press the switch to make exposures 
of anything which appeared suitable to the 
experiment. 

The value of the seances, which were re- 
corded in The Phenomena of Materialization, 
rests mainly on the evidence thus obtained. The 
photographs reveal phantoms in varying stages 
of development but these tended rather to 
discount the evidence for their genuineness. 

In 1920. Mme. Bisson and Eva C. spent two 
months in London. Out of forty seances 
arranged by the Society for Psychical Research 


more than half were complete blanks and the 
remainder gave very meagre results. A further 
fifteen sittings with Eva C. took place at the 
Sorbonne in 1922. 

Thirteen of these sittings were entirely blank 
and the investigating Committee returned a 
negative report. 

Infra-red illumination would appear to be 
particularly suitable for psychic investigation. 
It has long been claimed that white light and 
physical phenomena are incompatible. Dark- 
ness or the use of a deep ruby light is considered 
essential. It would appear, therefore, that infra- 
red radiation would in no way inhibit the 
production of photographic evidence. On the 
contrary, it should provide a strong weapon in 
support of the genuineness of these phenomena. 
It is unfortunate that infra-red photography 
has not been applied to any great extent to this 
end. This is probably due to the fact that for 
many years there has been little or nothing 
worthy of investigation. The physical pheno- 
mena of spiritualism — if they ever existed — 
would appear to be a thing of the past. F.B. 

See also: Spirit photography. 


PSYCHOLOGY OF VISION 


Vision is one of the tools the mind uses to 
find out something about the world around it. 
The carpenter uses it to make sure that two 
screws are the same size; the toddler uses it to 
watch his step; the photographer needs it to 
find out what kind of picture he can make 
from a scene of cows and trees. In each case, 
light rays are being focused on the sensitive 
surfaces of the retinae, and the images thus 
produced in the eyes are transmitted to the 
appropriate parts of the brain by means of the 
fibres of the optic nerves. 

Physiologists have some information on what 
happens to the optical stimuli in the brain. 
But the facts they know will help us little when 
we wish to find out why and according to what 
rules the carpenter, the toddler, the photo- 
grapher see what they see. At the present time 
the best answers to these questions are not 
found by studying the nervous system but by 
looking at what is accessible to all of us, 
namely experience. 

Here, then, the psychologist takes over. His 
task is complicated by the fact that vision is 
not an isolated operation. It is constantly 
influenced by other activities of the mind, 
which looks at things for a purpose, reacts to 
them with desire or refusal, remembers things 
observed and learned in the past, thinks about 
them, and applies standards as to what they 
should or should not be like. The strivings, 
past experiences, thoughts, and judgements of 
values that are particular to the photographer 
make his visual experiences different from those 
of the carpenter or the toddler. 


Even so, there are certain basic rules that 
seem to hold for all seeing. Some of them will 
be taken up first. 

Organization. The visual field presents well 
segregated units, such as buildings, trees, 
human figures. This is surprising if we 
remember that the retina of the eye consists of 
millions of relatively self-contained receptors 
or groups of receptors, each of which transmits 
but one point of the image. 

How are the point-sized stimulations grouped 
together in such a way as to form images of 
objects? 

The rule which controls visual organization 
can be stated in two ways: “from above”, 
that is, with regard to the whole, and “from 
below”, that is, with regard to the parts. 

From above: “ The elements of a visual field 
will spontaneously group themselves in such a 
way that the simplest possible organization of 
the whole results.” Example: if the colour, 
shape, texture, and position of an insect are 
adapted by nature to those of a twig, the insect 
will be seen as a part of the twig, our better 
knowledge notwithstanding. By unifying twig 
and insect a simpler over-all pattern is obtained 
than by separating them. 

From below: “ The elements of a visual field 
will combine spontaneously to the extent to 
which they share perceptual properties.” 
That is, objects that resemble each other in 
shape, size, colour, brightness, spatial orien- 
tation, etc., are related to each other visually. 

The photographer does not often concern 
himself with mere geometrical patterns; how- 
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ORGANIZATION. Visual elements tend Co combine spontane- 
ous// into groups which share common perceptual properties, 
such as shape, size, colour, brightness, spatial orientation, etc. 
Here the black, short, vertical bars form one group, whereas 
the white, long, obliquely oriented ones form another. If the 
elements of a group show repetitive characteristics of orienta- 
tion, a certain rhythm presents itself. 

ever, it is essential that he team to look at the 
more complex things of nature as though they 
were meaningless forms. Only in that way 
will he observe the purely visual properties 
that determine what is seen. Our eyes profit 
surprisingly little from what we know intellec- 
tually about the objects represented in a 
picture. What is only known but not seen 
makes a poor effect photographically. We 
may understand very well that a certain area 
in the picture represents a tree and another a 
house; but if the two areas have visual pro- 
perties that make them fuse rather than 
separate, knowledge will not remedy the defect. 
In the same way, if a duck looks like a patch 
of mud, it will not be transformed into a duck 
by the camera. 

The photographer should look at things as 
though he had never seen them or heard about 
them. For what he photographs is, strictly 


speaking, never the object “ itself " but certain 
visual properties of the object. If you set out 
to photograph your wife you are likely to 
produce a non-committal, uncharacteristic, 
vaguely female effigy unless you ask yourself, 
consciously or unconsciously: what particular 
properties of this person do I want to bring 
out? What visual factors express these pro- 
perties? The erectness of the body, the curve 
of the jaw line, the light reflections on her hair? 
If so, it is these features you must strengthen 
and sharpen by the choice of the right moment, 
the control of camera angle, distance, lighting, 
etc. Nothing in this world is anything but 
the totality of its properties. 

Identification. To identify objects effectively 
in a photograph requires more than enabling 
the beholder to guess what is in the picture. 
In practical life, all the cognitive capacities of 
the mind, namely, sensory perception, memory, 
and reasoning, co-operate in steering the person 
through the business of the day, and in Western 
culture the share of vision in the work of 
this team has been severely reduced. The 
average person has become accustomed to 
relying on his or her eyes for little more than a 
minimum of cues, sufficient to distinguish red 
light from green light, avoid running into lamp 
posts and passers-by, tell a customer from a 
salesman, and so on. Therefore, such a person 
seems half-blind when called upon to look 
at a painting or to take a photograph; because 
these activities require the observation of a 
maximum rather than a minimum of visual 
features and make it necessary to understand 
by means of the eyes what otherwise is taken 
care of by routine identification based on 
learning in the past. 

Photographic identification requires that the 
pattern in the picture be relatable visually to 
the image the observer has formed of it, or is 



IDENTIFICATION. Left: It is comparatively easy to recognize an unusual stylization of a familiar object — e.g., a Picasso-like 
figure of a woman— os long as it respects the basic structural skeleton. In other words, the layout of the figure must correspond in 
its sense— even if not In its proportions — to o natural object. Right: ft is more difficult to recognize a natural figure when it is 
presented from an unusual angle that does not immediately reveal the familiar structural shape. 
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EXPRESSION OF TENSION. Oblique positioning, overlapping of 
lints, distortion of shapes, asymmetry, wedge forms , and 
pointed shapes make for tension and convey instability. 

expected to form of it, in his mind. This does 
not necessarily mean that a great deal of detail 
has to be reproduced. In fact, the visual identity 
of an object is most effectively conveyed by the 
“structural skeleton” of its main axes and 
proportions, easily rendered by a simple line 
drawing, but often hidden by a photograph, 
so that animals, young children, primitives, 
who immediately understand an elementary 
drawing, may see nothing but a jumble of 
spots in a snapshot. 

It is relatively simple to recognize the picture 
of a woman executed in the most extravagant 
modern style so long as it respects the basic 
structural skeleton of the object. It is more 
difficult to recognize a natural form when 
viewed from an unusual angle, which fore- 
shortens and all but destroys the familiar 
structural skeleton. No matter what angle or 
lighting the photographer may choose, he must 
see to it that in his picture the main visual 
characteristics of the object clearly dominate 
all the detail of shape, colour, and texture. 
Emphasis. What main characteristics of the 
object should we emphasize? This depends 
on the purpose of the photograph. A docu- 
mentary picture taken to serve technological 
or scientific ends must bring out the particular 
features which are relevant for the competent 
handling of the physical object. It must 
visually define the local colours and textures, 
the typical shapes and proportions, the decisive 
spatial relationships. The artistic photo- 
graph, on the other hand, is meant to convey 
the expression rather than the physical pro- 
perties of the object, that is, it must stress the 
features that cany the feeling to be transmitted 
by means of the object, the ruggedness of a 
mountain, the sensitivity of a hand, the grace- 
fulness of a vine. 

Expression. Expression results from the 
“forces” transmitted by visual qualities. No 

936 


knowledge of the mood inherent in the subject 
matter of the picture will replace appropriate 
photographic expression. A beach scene 
rendered by sagging contours, heavy masses, 
and gloomy contrasts is no beach scene but a 
funeral. 

What makes for expression? The main rule 
indicates that nothing is expressive unless it 
fulfils two conditions: it must be visually clear- 
cut, and it must be dynamic. 

First, an unsure contour, an undefinable 
colour, a disorganized arrangement are incom- 
prehensible to the eye and therefore lost for 
the message the picture is supposed to transmit. 
Secondly, a visual pattern which does not 
unmistakably produce the fitting measure of 
tension and relaxation, stability and instability, 
crescendo and diminuendo, is not expressive. 
Oblique position, overlapping, distortion, 
asymmetry, wedge shape, make for tension 
and instability. Vertical and horizontal orien- 
tation, completeness, normal aspect, symmetry, 
make for relaxed stability. 

Knowledge. We have said that knowledge must 
not be relied upon to replace interpretation by 
visual means. Nevertheless, it is highly desir- 
able that the photographer should have some 
information about the things he is portraying 
and that he should have done his own thinking 
on them. Nobody can be expected to make a 
scientifically useful photograph of a medical 
preparation, a machine, or the behaviour of a 
group of animals unless he is familiar with the 
meaning of what he sees and unless he knows 
what the essentials of the object or happening 
are. Many of the best artistic photographs 
show that their makers have not only been 
intrigued by the play of pattern and texture, 
but have understood through their eyes what 
lies beyond the reach of vision and, in turn, 
have succeeded in expressing by the visual 
surface some of the things they have learned 
and thought about their subjects. 


EXPRESSION OF RELAXATION Vertical and horizontal orien- 
tation, completeness, normal aspect, symmetry of shapes, and 
regular outlines give a relaxed impression and convey stability. 
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FRAME AND CONTENT. The frame of the picture can alter the visual qualities and apparent content of the subject. Left: The 
active gesture of the subject is incomprehensible by itself. Right: /t makes sense when the child is included in the f rame to complete 
the picture. Such a change of framing also alters the dynamic equilibrium of the picture from an unstable to a stable one. 


Translation. A photographic picture differs in 
many respects from what we see in the world 
around us. Also our attitude toward what we 
see is not the same in the two cases. There- 
fore if you want something in the picture to 
look as it does in everyday life, you cannot 
simply make a mechanical copy of it. You 
must translate it into a new medium, that is, 
adapt the object of the “real” world to the 
conditions of the picture world. 

Selection v. Contemplation. In everyday life 
we use our eyes mainly for the purpose of 
practical orientation: we pick out the things 
we need to know about and ignore the rest. 
This attitude is enhanced by the fact that the 
visual field is largely accidental, crowded with 
irrelevant things, and lacking in any definite 
pattern and colour scheme. Under these 
conditions, the best we can do is to assume the 
"selective attitude”. When people look at 
pictures, a different attitude is appropriate. It 
may be called “contemplative”. Contempla- 
tion means receiving what is offered rather 
than searching for what is desired. It means 
dealing with the visual matter as an organized 
whole, in which every element is a necessary 
and significant part. An accidental “slice of 
reality” will leave the contemplative eye con- 
fused. The main reason why the amateur so 
often produces poor results is that he persists 
iD the selective attitude while handling his 
camera. Later, when he looks at his prints, 
he finds himself partially transformed from a 
practical into a contemplative man, and 
discovers to his bewilderment that his picture 
is populated with chopped-off feet, stray boxes, 
distorting shadows, and alien background 
figures, which “did not count” when he looked 
at his subject. 

Space. The world we see around us is 
practically boundless. The picture cuts a 
piece out of this continuum. The frame changes 


almost all visual qualities because they depend 
on relations within a larger context. A kitten 
may cease to be small when the large things 
around it are not shown. The striking quiet- 
ness of a tree may have come about by contrast 
with its restless environment, and the active 
gesture of a mother may be incomprehensible 
without the child to which it refers. On the 
other hand, objects reveal hidden virtues when 
relieved from an overwhelming context. The 
selected portion of the visual field must be self- 
contained and self-explanatory. Furthermore, 
the frame does not only remove an environment 
but also adds one. It provides a severe 
rectangle, to whose verticals and horizontals 
all shapes in the picture must clearly relate 
themselves. 

In everyday life, any object we look at has a 
well defined place in the total space which 
contains all other objects, notably the observer 
himself. The framed space of the picture has 
no such connexion with its surroundings. 
Distant mountains may cease to look distant 
because distance is a relation between near and 
far. The surface of a lake, taken from a 
bridge, may look upright in the picture, and a 
tilted camera will produce a tilted building. 
Which may or may not be what the photo- 
grapher wished to obtain. 

Time. The camera frames the subject in time 
as well as in space. It picks a momentary 
phase from a time continuum. Psychologically, 
however, a snapshot is not experienced as a 
part of a time context but as a translation of 
action into a timeless picture, in which move- 
ment can be expressed only by the pictorial 
means of oblique orientation, outspread legs, 
blurred shape, etc. The photographer is always 
in search of the “pregnant moment”, which 
epitomizes the features of a given situation. 
Depth. The ability of a photograph to convey 
depth and volume is limited. Unless the 
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stereoscopic technique is used, both eyes of the 
beholder receive the same image and thereby 
reveal the flatness of the picture. This does 
not rule out depth entirely since effective means 
of creating the third dimension are available 
within the visual pattern itself. Perspective, 
overlapping, shading, light contrasts, etc., must 
be stressed by the photographer if he wishes 
to compensate for the lack of “binocular 
parallax”. 

However, even at best the range of depth is 
limited in a picture. The weaker the depth 
effect, the less there is of what psychologists 
call the constancy of size and shape, that is, 
the tendency of everyday vision to eliminate 
perspective distortions and to see objects, and 
parts of objects, in their physically correct size 
relationships. Hence the gigantic hands of 
portrait sitters and the desperately small back- 
ground landscapes. 

This effect is reinforced when a photograph 
is viewed from too far away, that is, when the 
angle at which it is seen is smaller than the 
one at which it was taken. 

Colour. Black-and-white photography reduces 
the colours of everyday vision to a brightness 
scale, whose particular nature depends on the 
sensitivity of the film to the various wave- 
lengths of light. It reduces the three-dimen- 
sional world of hue, brightness, and saturation 
to the one-dimensional world of the grey scale. 
Thereby it simplifies the relations between the 
elements of the picture. 

This is like translating a symphony into a 
tune that is played on a flute. Things that 
looked different in reality may look alike in 
the picture. This may make them harder to 
identify, but at the same time the smaller 
number of visual values can enhance the 
order and clarity of the composition. Also 
by controlling the lighting the photographer 


is free to assign to any particular object 
almost any value of the brightness scale from 
black to white. 

In colour photography this freedom is 
severely curtailed, and the bewildering variety 
of visual values makes it difficult to unify the 
composition. Here the photographer can help 
himself best by choosing subjects which con- 
tain a relatively small number of hues. The 
complexity of the richer medium will reward 
the colour photographer for his greater effort. 
It offers him a life-likeness and an emotional 
appeal in comparison with which a black-and- 
white picture looks cold and abstract. 
Photography v. Painting. While it is true that 
photography draws well shaped visual patterns 
from the largely accidental raw material of 
reality, the very nature of the photographic 
medium indicates that it offers its best in a 
realm somewhere in between everyday vision 
and the highly controlled creations of the 
painter. 

Not by accident was photography dis- 
covered in a century which had found in the 
momentary aspects of surface, shape and 
action a new instrument for the interpretation 
of life. The human mind always roams 
between the poles of abstracted order and the 
bewildering freshness of direct experience. 
Vision reflects both order and complexity and 
is constantly in need of either one. At a time 
when painters are taking full advantage of a 
medium that permits them to render the basic 
melodies of human existence by means of 
remote patterns, it is the function of the 
mechanical technique of picture making to 
remind us that reality remains an inexhaustible 
source of challenging disorder. R.A. 

See also: Colour Impact ; Composition ; Perspective; 
Vision; Visual appeal. 

Book: Art and Visual Perception, by R. Anaheim (Lon- 
don). 


PULFRJCH, CARL, 1858-1928. German 
mathematician and physicist. Produced a 
stereoscopic rangefinder and devised a stereo- 
comparator in 1901, both for the Zeiss works. 
Developed stereoscopic measuring methods for 
photogrammetry. Also devised the well-known 
refractometer which bears his name. 

PYRO. Developing agent, once the standard 
agent in plate developers. Very popular at 
one time, and still favoured by some photo- 
graphers. 

See also: Pyrogalllc odd. 

PYROCATECHIN. Catechol; ortho-dihy- 
droxybenzene. Developing agent. 

Formula and molecular weight: C,H 4 (OH),; 

110 . 

Characteristics : White powder. 

Solubility: Freely soluble in water at room 
temperature. 
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PYROGALLIC ACID. Pyro; pyrogallol; 
1:2: 3-trihydroxybenzene. Developing 
agent. 

Formula and molecular weight: C,H s (OH),; 
126. 

Characteristics: White powder or needle 
crystals. Rapidly oxidized in alkaline or 
neutral solutions. 

Solubility: Freely soluble in water at room 
temperature. 

PYROMETRY. Photographic techniques have 
been established for measuring temperatures 
in furnaces and of various hot bodies. The 
general principle is that the brightness of the 
light emitted by a body hot enough to be self- 
luminous is proportional to its temperature. 
Calibrated tungsten strip lamps are photo- 
graphed alongside the specimen through a 
monochromatic — e.g., red filter. The resulting 
photograph enables the temperature of the 




PYR 


specimen to be estimated (in some cases with 
an accuracy of ±3° C. at 1,500° C.) by com- 
paring its brilliance with that of the standard 
sources. 

The method is particularly suitable for 
taking instantaneous readings of rapidly 
changing temperatures, but it is more useful in 
the laboratory than in routine recording of 
industrial process temperatures. 

Infra-red sensitive materials can be used to 
measure lower temperatures where the emitted 
radiation is invisible to the eye. 


PYROXYLIN. Nitrocellulose; soluble gun 
cotton. Used for making celluloid (nitrate) 
film base and collodion. 

Formula and molecular weight: Not con- 
stant, depending on origin. A mixture of 
cellulose nitrates. 

Characteristics: Harsh white cottony sub- 
stance. 

Solubility: Insoluble in water or alcohol. 
Soluble in equal parts of alcohol and ether, 
and in amyl acetate, acetone, and glacial 
acetic acid. 
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QUANTUM. Smallest and basic indivisible 
unit of radiant energy. Its size is inversely 
proportional to the wavelength of the radia- 
tion. 

QUANTUM EFFICIENCY. Effect of expo- 
sure on a photographic emulsion, expressed in 
terms of the number of light quanta required to 
render a silver halide grain developable. With 
present day emulsions the quantum efficiency is 
about 2 i per cent (1/40), i.e., forty quanta are 
necessary to produce the slightest trace of 
developable image. 

QUARTER PLATE. Standard format for 
negatives and prints, measuring 3J x 4) ins. 
A quarter plate is exactly a quarter of a whole 
plate (6| x 8) ins.). 

See also: Sizes and packings. 

QUICK-CHANGE BACK. Attachment for 
plate cameras (particularly those used by the 
press) which allows the plate holder to be 
changed quickly. Generally the plate holder is 
held in place by hinged grooves with a quick- 
release catch; this allows the plateholder to 
be lifted straight out instead of being slid out, 
which takes longer. 

Special types of quick-change back are used 
for making colour separation negatives in the 
camera by successive exposures. In some 
designs the three plates are held in a long 
sliding attachment which moves across the 
camera back in three stages. Each section may 
incorporate a tricolour filter, or the back may 
be used in conjunction with a filter slide or 
filter turret over the lens. With such a device 
the three exposures can be made in rapid 
succession. 

The movement may be hand-operated, or 
worked by a motor. This type of quick-change 
back is also known as a repeating back. 

See also: Repealing back. 


QUICK-FIRE CAMERA. Camera in which 
the operations of advancing the film and setting 
the shutter are coupled to a single control that 
is either operated by clockwork or by a trigger 
or lever. 

In the fully motorized cameras a powerful 
built-in clockwork motor, engaged by pressure 
on the shutter release button, automatically 
transports the film and re-tensions the shutter, 
leaving everything ready for the next exposure. 
When fully wound, the motor may be able to 
operate the complete exposure sequence a 
dozen to two dozen times, and permits a 
succession of exposures as fast as the shutter 
release can be operated. 

More generally, miniature cameras designed 
for fast operation have a lever, plunger, or 
similar pressure device which automatically 
resets the shutter and winds on the film for the 
next exposure. This lever takes the place of the 
knob or key for operating the film transport 
and shutter tensioning mechanisms. 

This makes it possible to operate the camera 
rapidly although not as fast as the motor-driven 
type. 

At least one camera with coupled film trans- 
port and shutter tensioning may be fitted with 
a supplementary spring motor which turns it 
into a quick fire instrument, or with a supple- 
mentary lever attachment which speeds the 
re-setting operation after exposure. 

Cameras of the quick-fire type are useful for 
securing series of pictures of fairly fast move- 
ment — e.g., at athletics events — and for press 
photography where they give the picture editor 
a selection of photographs instead of one which 
may or may not have been taken at the best 
instant. They are also ideal for taking self- 
contained picture sequences. 

See also: Film transport; Miniature camera. 

QUINOL. Hydroquinone. One of the most 
commonly used developing agents, usually 
combined with metol. 
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RACK AND PINION FOCUSING. Focusing 
mechanism used on most stand — and the 
larger hand — cameras. The lens panel is fixed to 
a slide fitted in guides on the baseboard of the 
camera. A focusing wheel or knob at the side 
of the baseboard is joined to a pinion engaging 
with a rack on the slide. Turning the focusing 
wheel slides the lens panel along the baseboard 
to focus the lens. 

See also; Focusing mechanism. 

RADIOGRAPHY. Branch of photography in 
which an image is formed on a film or plate by 
exposure to X-rays. An opaque object— e.g., 
part of the human body or a metal casting — is 
placed between the source of the X-rays and 
the sensitized material ; the resulting radiograph 
shows details of the internal structure which 
would otherwise be invisible. 

Radiographs are widely used throughout 
industry for the inspection of raw materials and 
finished products and in medicine and surgery. 

See also; Industrial radiography: Medical radiography ; 
Mass miniature radiography; Microradiography; X-ray 
crystal anal ysis. 

RAIN. Rain in photographs is nearly always 
suggested by reflections in wet surfaces, 
puddles, and open umbrellas, and not by the 
presence of actual raindrops. 

Raindrops in the Picture. Raindrops repro- 
duce best when they are illuminated by the 
rays of the sun and seen against a background 
of dark cloud, trees, or buildings in shadow. 
This means that they must be photographed 
against the light and that the camera must have 
a good lens hood. No matter how short the 
exposure, the drops will register as streaks of 
light and not as points. And as the subject is 
being photographed against the light, it will 
call for a comparatively long exposure, so the 
streaks will generally be so long that they will 
tend to obliterate the subject. This is why it is 
unwise to include the actual raindrops. 


One way, however, in which raindrops not 
only show up but also materially contribute to 
the pictorial content, is in shots through rain- 
washed windows. There are two possibilities: 
photographing from the outside a subject close 
to the window pane, and taking the outdoor 
view from inside. In either case, the window 
may be only spattered with raindrops, or show 
the water streaming down on the glass. (Both 
effects can of course, be produced artificially 
with a bucket of water or a garden spray.) 
When shooting out of the window from indoors, 
the outside view will be blurred by the water; 
the drops themselves should therefore be 
brought out sharp by accurate focusing. Often 
a foreground object will add strength to the 
picture; neither this nor the window frame 
must be too dark, and some fill-in lighting is 
desirable. When photographing from the out- 
side, a suitable subject behind the window is 
essential, and it should be as close to the glass 
as possible. This type of approach has been 
popular for pictures of children, etc. 

Lighting. Showery weather offers best condi- 
tions for pictures during or after rain. There is 
more chance of sunshine and rain occurring 
simultaneously, thus lighting up the falling 
raindrops if you wish to record them. Side- 
lighting or oblique back-lighting shows them to 
best advantage, particularly when they are 
striking the ground with force. 

Heavy thundery showers during hot weather 
may produce after-mist and haze which gives 
plane-separation and “atmosphere”, otherwise 
the air is usually clearer and sunlight harsher 
after rain, with distant scenes more clearly 
visible. 

There are occasions, however, when the dull 
monotony of a completely overcast scene 
expresses the mood that the photographer 
wants to create. This type of scene calls for a 
different technique, aimed at avoiding hard 
contrasts and leaning towards mistiness and 
soft definition. 
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Photographs taken on dull rainy days need 
to be processed so that the contrasts of the 
subject are retained or even increased. This 
can be done by extending the development time 
(up to 50 per cent longer than normal), or by 
using a suitably contrasty grade of printing 
paper. 

Rain often improves photographs of street 
scenes taken after dark. When such pictures 
are taken in dry weather, the foreground is 
usually a featureless area of black paper. When 
the streets are wet the foreground becomes 
filled with reflections and it may even form the 
principal interest of the picture. 

Rainy Reflections. The general impression of a 
rainy day is strengthened when there are pools 
and shining wet surfaces in the picture. At 
such times the reflections themselves may be 
interesting enough to form the subject. On the 
other hand, a pool that gives a perfect reflec- 
tion is bad because it simply duplicates the 
scene and presents the eye with two identical 
pictures. A photograph that looks the same 
when it is turned upside down is a freak and 
nothing more. 

One way out of the difficulty is to throw a 
stone into the pool and take the photograph 
while the surface is still disturbed. Or a low 
viewpoint can be adopted to reduce the pro- 
portion of the picture space occupied by the 
reflecting surface. In this way the reflection is 
subordinated and the subject receives its due 
importance. 

If the reflection of the scene is to form the 
item of principal interest, then the lens must be 
focused on the reflected image and not on the 
reflecting surface. The image is as far away from 
the camera as the subject, no matter how close 
the reflecting surface may be. If objects on the 
surface of the water — reeds, waterfowl, floating 
debris — are to be included, then the lens must 
be stopped down until the depth of field 
extends from the reflecting surface to the 
image. 

Sometimes the reflections are not wanted; if 
they cannot be got rid of by a change of view- 
point, they can be minimized or even cut out 
altogether by using a polarizing filter. 
Exposure. Exposure for wet objects and scenes 
should never be greater than that indicated by a 
meter reading on a medium tone area. Medium 
or slow films are best for sunless conditions, as 
fast emulsions are too soft in gradation to suit 
a subject which is already lacking in contrast. 
In sunshine, particularly backlighting, the 
reverse is the case. No filter is needed unless 
there are blue sky patches present. A lens hood 
is essential to prevent stray rays f rom sparkling 
surfaces striking the lens and causing flare. 

For the moody, atmospheric type of rainy 
landscape, exposure needs to be full enough to 
register all the shadow detail and flatten the 
tones of the picture generally. Development 
should be continued for the full time or — if the 
flatness is to be exaggerated — a little longer. 


The brilliant type of treatment looks best on 
a glossy or glazed surface, while the atmos- 
pheric effect calls for a semi-matt surface. 
Protecting the Equipment. No camera should 
be allowed to get wet. An umbrella held by a 
companion will prevent this, and the lens hood 
helps to stop stray drops falling on the lens. 
If the camera does accidentally get wet it 
should be dried immediately. The metal parts 
require particular attention. The lens should be 
wiped gently with a soft handkerchief or lens 
tissue. 

Do not hasten drying by heat, especially 
if the camera is a folding bellows type. 

If there is a risk of being caught far away 
from shelter in stormy weather, it is a good idea 
to carry a square of plastic material of the kind 
sold for bathroom curtains. The camera in its 
case can then be wrapped up and kept per- 
fectly dry in the heaviest downpour. P.J. 

RANGEFINDER. When a camera has a focus- 
ing screen, there is no need for the photographer 
to know how far he is away from his subject; 
he simply gets it sharp on the screen and makes 
his exposure. But as soon as the focusing screen 
is dispensed with and the camera is focused by 
a scale, the distance from the camera to the 
subject must be known. Estimation is usually 
unreliable, and measurement can be a nuisance; 
a third alternative is to use a rangefinder. 
Principle. A rangefinder enables the photo- 
grapher to measure the distance to his subject 
without moving from his position. There are 
several types of rangefinder, but they all rely 
on the same basic principle, that when an 
object is looked at from two separated positions 
the lines of sight converge. The angle at which 
the lines converge increases as the object 
approaches, and decreases as it goes farther 
away. The angle is, in fact, a measure of the 
distance of the object. 




RANGEFINDER SYSTEMS. Top: Rotating mirror. One mirror 
is pivoted to alter the angle of deflection and superimpose 
images at different distances. Bottom: Swinging wedge. Side- 
ways movement of the w edge controls the angle of the beams. 
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SWINGING WEDGE SYSTEM. Can be used with interchange- 
able lenses. A, eyepiece. B, semi-reflecting surface. C, prism 
block. D, lens mount gear. E, cam. F, focusing gear. G. 
focusing wheel. H, swinging wedge. I, cam lever. 

Construction. In the type of optical rangefinder 
used in photography the two viewpoints are 
provided by windows at opposite ends of a 
metal tube which is held horizontal and at 
right angles to the camera-subject line. One 
of the windows lies on the camera-subject 
line; the eyepiece of the instrument is opposite 
this window. When the eye looks through the 
eyepiece it sees one picture of the subject 
directly through the window in that end of the 
rangefinder, and another picture, reflected 
by two mirrors or prisms, through the window 
in the other end. Sometimes the windows and 
mirrors are masked so that the eye sees the top 
half of one picture and the bottom half of the 
other. Sometimes, the eye looks through a 
half silvered mirror and sees the direct and 
the reflected pictures superimposed. 

Included in the optical make-up of the range- 
finder is an adjustable device that can be made 
to deflect the light rays of the reflected picture 
to bring it into register with the directly- 
viewed picture. This can be done by altering 
the angle of one of the mirrors, but it is more 
satisfactory to interrupt the beam of light by a 
rotating wedge system or a pair of prisms. 

The deflection of the beam is controlled by 
turning a knurled wheel on the instrument. The 
amount of rotation that has to be given to the 
wheel to keep the two pictures of the subject 
in register is proportional to the distance of the 
subject from the rangefinder. 

Thus the wheel can be calibrated to show 
directly the distance of the subject when once 
the two images have been adjusted to coincide. 
Accuracy. The two lines of sight converge more 
for objects near at hand than they do for those 
farther away. Because of this, rangefinders of 
this type are more accurate for objects up to, 
say, 25 feet than beyond. But as the accuracy 
required in focusing a normal lens falls off in 
exactly the same way, the def ect is unimportant. 


Base Length. The optical accuracy of a range- 
finder depends on the base length and on the 
scale of the image. The longer the base of the 
rangefinder (i.e., the distance between the two 
windows) the greater will be the convergence 
on any given subject, and the greater will be 
the separation between the two part images for 
a given focusing error. 

The larger the scale of the image, the greater 
will again be the image separation. In both 
cases a given focusing error will show up more. 

Commercial camera rangefinders may either 
use as long a base as the camera body will 
accommodate, or go for a shorter base, 
coupled with a magnifier in the eyepiece to 
increase the image scale and so make up for the 
loss in accuracy. 

A long base has the advantage of minimizing 
mechanical inaccuracies, but it has the draw- 
back that at extreme settings one of the images 
may move out of the field of view altogether. 

A short base with magnifier makes the instru- 
ment more compact but the optical system is 
more easily influenced by mounting errors. 
Coupled Rangefinders. A coupled rangefinder is 
simply an adjustable optical system of the type 
described above which has been built into a 
camera so that the rangefinder and lens focus- 
ing work together. A single control operates 
both systems and when it has been adjusted to 
make the two rangefinder images of any object 
coincide, the lens is automatically focused on 
the object. 

The principle can be applied to any type of 
camera, but it is particularly suited to the 
miniature where the lens mount is attached 
direct to the body. This arrangement makes it 
possible to house the rangefinder mechanism 
and the lens focusing mount in the same rigid 
casting. In one popular miniature of this type, 
the lens focuses in a helical mount and the rear 
face of the lens tube presses against the end of 



ROTATING MIRROR SYSTEM. Suitable for interchangeable 
lens cameras. A. semi-reflecting surf ace. B, magnifying viewing 
system. C. eyepiece. D, coupling lever bearing on lens barrel. 
E, pivoted reflector. F, lens barrel. 
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ROTATING WEDGE SYSTEM. Generally used with non- 
interchangeable lens. A, viewing system with eyepiece. 
B, semi-reflecting surface. C, prism block. D, skew gear 
driving wedges. E, rotating wedges. F. focusing lens mount. 

a spring-loaded lever which carries the tilting 
mirror of the rangefinder system. 

With rangefinder and lens focusing systems 
coupled in this way the lens can be focused 
without any reference to the actual measured 
distance from the camera to the subject. At 
the same time, it is useful to know the exact 
distance at which the lens is focused, and the 


system always carries a visible scale of dis- 
tances. 

Focusing Screen Rangefinder. Many current 
miniature reflex cameras incorporate a range- 
finder system in the focusing screen. This con- 
sists of a pair of crossed wedges recessed into 
the screen so that the wedges cross in the plane 
of the focusing surface. The optical principle 
is similar to parallax focusing of an aerial 
image, but the parallax effect appears as a 
split image which joins up across a dividing 
line when the lens is set to maximum sharpness. 
As the rangefinder uses the screen image, there 
are no moving parts and it is automatically 
coupled with any lens. This system works, 
however, only with fairly large lens apertures. 
Non-optical Rangefinder. A non-optical range- 
finder can be made from two pointers mounted 
on a baseboard. The object is sighted along the 
right hand pointer by the right eye and along 
the left hand pointer by the left eye. The whole 
arrangement is kept at a fixed distance from 
both eyes. The angle between the pointers is 
calibrated to give the distance of the object 
directly on a scale marked on the baseboard. 

Rangefinders of this type are cumbersome 
and not very accurate and many people find it 
impossible to master them. L.A.M. 

Sec also: Focusing mechanism. 

Book: Photographic Optics , by A. Cox (London). 


RAPID PROCESSING 


There are occasions when a photograph of 
a subject is required in the shortest possible 
time. The methods vary according to the time 
factor and the facilities available, and cover: 

(1) Speeded-up normal production. 

(2) Rapid production. 

(3) Ultra-rapid production. 

In general negatives require proper fixing 
and washing after the necessary results have 
been obtained. 

Speeded-up Normal Production. The film is 
developed as laid down by the manufacturers 
of the developer in use, the negative is fixed in 
an ammonium thiosulphate rapid fixer until it 
has cleared, and then given a short rinse in 
running water or quick changes of water. 
Agitation of the negative material reduces the 
time of fixing and washing; a f urther shortening 
of the washing operation can be made by a 
preliminary washing in 0 01 per cent potassium 
permanganate solutions until the pink colour 
is no longer discharged, after which only a 
short wash is required. 

For contact printing, any surplus water is 
removed from the negative by gentle swabbing 
off with a grit-free piece of chamois leather 
dipped in water and wrung dry. This is fol- 
lowed by soaking for 2-3 minutes in a solution 
of industrial methylated spirit with 20 per cent 


water added, after which the negative is waved 
gently in the air until thoroughly dry, the 
negative is then printed in the normal way, 
the print developed, fixed in a rapid fixer, 
rinsed for 1 minute in running water, and 
soaked in methylated spirit. After blotting off 
with fluffless photographic blotting paper, the 
print may be waved in the air until dry; or with 
a little practice a nimble fingered person can 
set fire to the wet print (without blotting off) 
thus burning the methylated spirit, being care- 
ful not to allow the print itself to bum. 

For enlarging with a negative carrier of the 
glass sandwich type, the method is the same as 
for contact printing. 

With a glassless negative carrier the negative 
can be enlarged whilst wet. To avoid the 
formation of droplets of water on the negative 
(giving unsightly marks on the enlargement) 
the final rinse of the negative should contain a 
little wetting agent. This rinse need only be a 
minute or so, and after draining off the surplus 
moisture the negative is placed direct into the 
enlarger, for the normal enlarging procedure. 
Rapid Production. In some branches of photo- 
graphy (press work, medical radiography, etc.) 
it may be necessary to produce photographs in 
a shorter time than possible by the above 
methods. For this purpose special developers 
(in addition to the rapid fixer) are available. 
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Where convenient they may be used for the 
rapid processing of prints as well as negatives. 

The developing solution is reasonably stable 
and will keep well in a tightly stoppered bottle. 
Used developer must not be returned to the 
bottle. 

The quick finish developer and fixer can be 
bought ready made up; alternatively the 
following formulae will be found suitable. A 
developer for commercial use is : 


Metol 

Sodium sulphite, crysc 
Hydroquinone 
Potassium bromide 
Sodium hydroxide 
Water (distilled) 


li ounces 
8# ounces 
2* ounces 
2j ounces 
2j ounces 
80 ounces 


32 grams 
220 grams 
62 grams 
62 grams 
62 grams 
2,000 ccm. 


The chemicals are dissolved in warm water. 
The developer is used undiluted for negatives, 
development times being 15-30 seconds at 
70° F. (21° C.). For papers, dilution of 1:1 
will give times of 1 0-1 5 seconds. 

The fixer may be one of the proprietary 
quick fixers or the following can be used for 
bulk processing : 


Hypo 

Sodium sulphite, cryst. 
Potash alum 
Acetic acid, glacial 
Water 


64 ounces 
IJ ounces 
I ounce 
1} ounces 
80 ounces 


1,600 grams 
38 grams 
25 grams 
36 c.cm. 
2,000 c.cm. 


Agitation during the whole process must be 
vigorous and continuous to avoid development 
marks and stained prints. Dish development is 
therefore preferable. 

Because of the short time of processing it is 
advisable to add a few drops of wetting agent 
to the solutions thus ensuring even develop- 
ment and preventing the formation of clear 
spots due to air bells. 

Negative materials and paper are best trans- 
ferred without rinsing direct from the develop- 
ing bath to the fixer hardening bath. 

Fixing times at 70° F. (21° C.) are 40-120 
seconds, after which the negative is ready for 
inspection or for printing whilst still wet in the 
enlarger. If permanence is required then fixing 
must be increased to twice the time taken for the 
emulsion to clear, or the negative must be 
refixed at a later date and thoroughly washed. 
With ammonium thiosulphate fixers the above 
times ensure complete fixation. 

Bromide paper will fix in 10 seconds at 70° F. 
(21° C.) in a rapid fixer. After a short wash the 
prints can be dried by the methods already 
described. 

Ultra Rapid Production. In some specialized 
jobs it is desirable to increase the speed of pro- 
duction even further. An example of this is the 
use of photography in race finish recording in 
which a method has been evolved to produce an 
8 x 10 ins. enlargement within 90 seconds of 
the last competitor crossing the finishing line. 
To attain this speed the developing and fixing 
formulae mentioned above can be used, but 
specialized materials and chemicals have been 
manufactured for this type of photography. 


Quick finish films have an emulsion which is 
resistant to high temperature processing, and 
with special processing solutions such films 
can be developed and fixed in a matter of 30 
seconds. 

Producing a Photo Finish Print. This procedure 
is possible only with special pre-hardened film. 
The film is exposed in a race finish recording 
camera and varies in length according to the 
time that elapses between the first and last 
competitor crossing the finishing line; an 
average is between 12 and 32 ins. It is developed 
by hand in a dish of quick finish developer at a 
temperature of 1 10° F. (43° C.) for 12 seconds. 
Without a rinse the negative is then transferred 
to a dish of proprietary rapid fixer at a tem- 
perature of 110° F. (43° C.) for 10 seconds, 
keeping the negative continually agitated. The 
fixing will then be complete enough to allow 
visual inspection and enlargement whilst still 
wet. Owing to the softness of the emulsion 
great care must be taken not to touch it, but 
just allow the moisture to drain off. An 8 
x 10 ins. enlargement is then made in the 
normal way on bromide paper and developed 
in a quick finish developer (diluted 1 : 1) at 70° 
F. (21° C.) for about 21 seconds then transferred 
without rinsing to a dish of rapid fixer. Fixa- 
tion will take from 10 to 15 seconds. After 
blotting off any surplus moisture the enlarge- 
ment is ready for inspection by the judge. 



RACE-FINISH LABORATORY. Operating and processing room 
set up alongside race track for immediate photo-finish prints 
( short arrow indicates race direction, inside arrow routing of 
photos). A, camera platform. B, processing unit. C, negative 
viewer. D, enlarger. E, print processing bench with developer 
and fixer dishes. F, sink and draining board. 
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Apart from the special taking and processing 
materials used, an important factor in achieving 
speed is the layout of the darkroom and the 
efficient routing of the work from one piece of 
equipment to another. To attain the fastest 
time of production the equipment should be 
set up with each piece as near as possible to 
the next and in such a manner that the rotation 
of work is in one direction only, either left to 
right or right to left. 

A camera operating room designed for photo 
finish recording uses some specialized equip- 
ment to assist still further in speed of produc- 
tion. 

In such darkrooms the processing unit is a 
12 x 12 x 6 ins. deep metal container, with a 
stainless steel top cut away to receive two 
stainless steel dishes 9x3x2 ins. deep, 
one for developer and one for the fixer. Inside 
the metal container is an enclosed heating 
element, with thermostatic control to enable the 
operator to keep the chemical solutions at the 
required temperature. Each dish is fitted with a 
stainless steel lid; the developing dish has a 
loose lid to be removed before switching off the 
light, and the fixing dish is a hinged lid which 
is kept closed until the film is developed. 
This prevents any possibility of placing the film 
in the fixing solution first. 

The enlarger is a fixed enlarger, the degree of 
enlargement depending solely on the area of 
negative to be enlarged to a 8 x 10 ins. print; 
focusing is carried out by slight movement of 
the lens. 

The paper is held in a shallow metal box in 
which there is a sprung platform enabling 
twelve or more sheets of double weight paper 
to be loaded at any one time. A white sheath 
slides over the paper, to make the carrier light- 
tight and serve as a focusing plate. In use, the 
negative is focused on the white plate, the 
light then extinguished, the plate withdrawn and 
an exposure made. The exposed bromide paper 
is then removed leaving the next sheet in 
position for the next exposure. This can be 
carried on until the paper is exhausted and the 
carrier reloaded. 

An audible electric timer ensures accurate 
timing for developing and fixing the negatives. 
This is necessary because of the short duration 
of these processes. Thermometers are also 
essential. 


A safelight fitted flush with the top of the 
bench serves as a negative viewer. 

All other equipment is of standard design. 

The layout of the darkroom is based on the 
fact that the starting point is the camera. 
Around the walls from this point is a bench 
33 ins. high to take the various items of 
equipment. As near the camera as convenient 
comes the processing unit with the dishes one 
behind the other (the developing solution at the 
back). Above the unit is the switch that con- 
trols the negative viewers and safelight; next 
comes the negative viewer on which is set the 
enlarger negative carrier, followed by the 
enlarger with the paper carrier immediately 
below and control switch near by, then the 
print developing and fixing dishes, a sink with 
a dish for water to rinse the print, and on the 
opposite side of the sink a small dry bench for 
blotting off the finished product. Over the 
print developing and fixing dishes is a 8 x 10 
ins. safelight. All switches are placed at the 
same height above the bench. Finally in a con- 
venient place on the wall at the starting point is 
fixed the audible timer. The room light switch 
is positioned as far away as possible from the 
operating switches to guard against accidental 
switching on of white light. 

The operator proceeds as follows. First he 
checks all temperatures (for ultra speed work 
this is very important). He then starts the 
audible timer, removes the developer dish lid 
and switches off the light. He then develops the 
film, fixes it, and switches on the negative 
viewer and safelight, places the negative in its 
carrier in the enlarger, focuses, and makes the 
enlargement. The final stages are, to develop 
and fix the enlargement, give it a quick wash, 
and blot off the surface water. This method 
of working keeps the speed of production as 
high as possible. 

The specialized equipment mentioned is 
only necessary in the case of constant ultra 
speed work. For the occasional worker ordinary 
photographic equipment is quite adequate, 
with the addition perhaps of a metronome or 
some such means for timing the processing, 
and an immersion heater or boiling ring for 
heating the solution. S.J.H. 

Books: Developing , by C. I. Jacobson (London); 

Photography , Theory and Practice , by L. P. Clerc (Lon- 
don). 


RAPID RECTILINEAR (R.R.) LENS. Lens 
system made up of two identical doublet 
lenses mounted symmetrically about a stop 
with the negative elements facing out. Dall- 
meyer in England and Steinheil in Germany hit 
upon this combination at the same time. In this 
way they got rid of all the aberrations except 
spherical aberration and curvature of field. 

When the lens is stopped down to / 8 it 
will cover an angle of 40° but the defini- 


tion near the edges of the field is always softer 
than at the centre. R.R. lenses went out of 
general use when genuine anastigmats arrived. 

See also: Lens history. 

RAYOMETER. Special type of density wedge 
made of graduated thicknesses of aluminium, 
used in radiography to measure the sensitivity 
of emulsions to X-rays and the emission of 
X-ray tubes. 
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READE, JOSEPH BANCROFT, 1801-70. 
English clergyman, microscopist and astrono- 
mer. Pioneer of photography. Was the first 
(1837) to make photomicrographs in the solar 
microscope on silver chloride paper which was 
moistened with an infusion of nut-galls (i.e., 
gallic acid) thereby using tannin as an accele- 
rator. Also the first to use hypo as a fixing 
salt (1837). Made camera photographs in 1837. 
Biography by C. H. Oakden (1926). 

REAUMUR. Name given to a system of ther- 
mometry invented by R. A. F. de Reaumur 
(1683-1757) in 1731 in which the freezing 
and boiling points of water are 0° and 80°. 
This scale was mostly used in Russia. 

RECIPROCITY LAW. Photographic exposure 
is the result of allowing light of a certain 
intensity to act on sensitive emulsion for a 
specified time. According to the reciprocity 
law of photochemistry, so long as the expo- 
sure (light intensity x time) remains constant, 
the response of the emulsion is the same — i.e., 
if the intensity is doubled and the time halved, 
the blackening produced on development 
should be unaffected. 

In practice, photographic emulsions do not 
strictly follow this law. The maximum black- 
ening is produced by exposure for a moderate 
time to a moderate intensity. Very low inten- 
sities of light with correspondingly long times, 
or very high intensities with very short times, 
produce less effect. The resulting reciprocity 
failure may show itself with the very short 
exposure of electronic flash, or with very long 
exposures (e.g., in astronomical photography). 
In either case more than the calculated expo- 
sure (up to three times normal) may be re- 
quired. 

See also: Latent Image. 

RECORD PHOTOGRAPHY. Photography 
that sets out to state the facts about the subject 
without any regard for its pictorial qualities. 
In practice it is not always possible to draw a 
sharp dividing line between the two, since 
many photographs taken purely as records 
often have a strong pictorial appeal — e.g., 
certain botanical subjects and architectural 
photographs. Even in a record photograph, the 
photographer’s personality is bound to show 
itself in choice of viewpoint, lighting, placing of 
subject, and in many ways in the photographic 
treatment of negative and print. 

Perhaps the nearest approach to pure record 
photography is to be found in such operations 
as aerial survey, document copying, identifica- 
tion photography, and mass radiography. 

RECTIFIED SPIRIT. One of the many forms 
of alcohol, containing about 5 per cent water, 
but no other additions (unlike methylated 
spirit). Subject to heavy excise duty. 


REDEVELOPMENT. Process of converting 
the silver salts of a bleached image back into 
metallic silver by a second development. 
Bleaching followed by redevelopment is a use- 
ful method of improving negatives and prints, 
particularly for softening over-contrasty nega- 
tives and improving the colour of prints. 
Redevelopment of Negatives. The contrast, 
density, and graininess of the negative can be 
adjusted by first bleaching it in a halogenizing 
bleacher and then redeveloping it. 

A suitable halogenizing bleacher is: 

Pocuslum permangantc* 27 grains 1*5 grams 

Sodium chloride 2 ounces 50 grmmi 

Sulphuric acid, concentrated 100 minims 5 c.cm. 

Water to make 40 ounces 1,000 c.cm. 

Instead of the sodium chloride and sulphuric 
acid, 50 c.cm. — 2 ounces — of concentrated 
hydrochloric acid may be used. 

The negative is immersed in this solution 
until it is completely bleached. It is then trans- 
ferred to a 5 per cent solution of sodium bisul- 
phite, containing 0-1 per cent sodium hydrox- 
ide. The negative is then ready f or redevelop- 
ment. 

An alternative halogenizing bleacher is: 

Copper sulphate, crystals A ounces 100 fram, 

Sodium chloride A ounces 100 crams 

Sulphuric acid, concentrated I ounce 25 c.cm. 

Water to make dO ounces 1000 c.cm. 

The negative is immersed in the bleaching 
solution until the whole image is white, after 
which it must be well washed before redevelop- 
ment. 

The negative is redeveloped in a soft metol 
developer by white artificial light, or daylight. 
When the image is dense enough the negative 
is fixed and washed in the usual way. 

The final image can be made softer and thin- 
ner than the original by removing the negative 
from the solution before it is fully developed. 

The image may also be converted into one of 
finer grain by redeveloping the negative to the 
required density in a para-phenylene diamine, 
instead of a metol developer. 

Again, the over-all contrast range can be 
reduced without greatly affecting individual 
highlight or shadow gradation. The negative is 
first partially bleached in one of the above 
bleachers. Bleaching is stopped when the 
shadows and lower half-tones are completely 
white, but the highlights are still partially 
black. The highlights are then reduced in a 
permanganate reducer which does not affect 
the bleached shadows. Finally, the whole 
negative is redeveloped in a normal developer. 
Redevelopment of Prints. The object in rede- 
veloping prints is usually to improve the image 
colour. This may be desirable if the prints were 
originally processed in stale developer. They 
may be bleached in the solution given for 
negatives, above, or in a bath consisting of 
equal parts of potassium ferricyanide and 
bromide in about 20 parts of water. 

As soon as most of the image has disappeared, 
the print is thoroughly washed for about half 
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an hour in running water. It is then developed 
in any fresh print developer by weak white 
light. Finally the print is fixed and washed in 
the usual way. L.A.M. 

Sec also: Contrast control. 

REDUCER. Photographically, a solution which 
is capable of dissolving silver in a negative or 
positive image, thus decreasing its density. 
Chemically, a reagent (such as a developer) 
which increases the proportion of the metallic 
or electropositive component of a compound — 
e.g., by converting a metal salt into the metal. 
A photographic reducer is generally the oppo- 
site of a chemical reducing agent — i.e., it is an 
oxidizing agent. 

Sec also: Development theory; Reducing. 

REDUCING. Method of lowering the densities 
in a negative or print. Although this can be 
done by physical means (Baskett’s reducer) it 
is more common nowadays to use chemical 
reducers. 

Before starting to reduce a negative or 
print it should be well soaked in water. This 
ensures that the solutions used will act evenly. 
Negatives. All negative reducers decrease the 
density of the image. At the same time they may 
also affect the image contrast. There are thus 
three kinds of reducer. 

(1) Subtractive or cutting reducers which 
remove equal densities of silver everywhere. 
These decrease density but do not affect con- 
trast. 

(2) Proportional reducers which decrease 
the image density in proportion to the amount 
of silver already there. These decrease density 
and reduce the over-all image contrast of the 
negative image. 

(3) Superproportional reducers which hardly 
attack the shadow densities, but considerably 
reduce the highlights. 



REDUCTION. Top: Subtractive reduction decreases density 
with or without increase of contrast. Centre: Proportional 
reduction reduces density and contrast evenly. Bottom: 
Superproportional reduction mainly affects highlights. 
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Subtractive Reducers. Potassium permanganate 
and concentrated potassium ferricyanide 
(Farmer’s reducer) are both subtractive re- 
ducers. 

The formula for potassium permanganate 
reducer is : 

Stock solution A 

Potassium permanganate I ounce 25 grams 

Water to make 20 ounces 500 c.cm. 

Stock solution B 

Sulphuric acid, concentrated I ounce 25 c.cm. 

Water to make 20 ounces 500 c.cm. 

The concentrated sulphuric acid must be 
slowly poured into the water and the solution 
should be stirred all the time. Water must 
never be poured into concentrated acid. 

For use, 1 part each of A and B are added 
to 200 parts of water. 

The soaked negative is immersed in this 
solution until it is sufficiently reduced. It is 
then rinsed in a 2 per cent potassium meta- 
bisulphite solution to remove the purple brown 
stain, and washed. 

The formula for Farmer’s reducer is: 

Stock solution A 

Potassium ferricyanide 2 ounces 50 grams 

Water to make 20 ounces 500 c.cm. 

Stock solution B 

Sodium thiosulphate B ounces 200 grams 

Water to make 40 ounces 1,000 ccm, 

For use, 1 part of A and 5 parts of B are 
made up to 30 parts with water. This mixture 
does not keep, and becomes useless in about 
15 minutes. Its life can be prolonged by adding 
about 12 grams (J ounce) of anhydrous 
sodium carbonate to every 250 c.cm, (10 
ounces) of working solution. 

The soaked negative is immersed in the solu- 
tion and when reduction has almost gone far 
enough it is taken out and washed. Reduction 
still carries on during the first few minutes of 
washing. 

A number of other reducers act in the same 
way — for example, a mixture of equal parts of 
0-2 per cent iodine (with enough potassium 
iodide added to dissolve it) and 0-1 per cent 
potassium cyanide. 

An alternative formula is known as Belitzki’s 
reducer. This is a solution of ferric potassium 
citrate or oxalate in an acid fixing bath. The 
Kodak version of this is: 

Ferric chloride I ounce 25 grams 

Potassium citrate 3 ounces 75 grams 

Sodium sulphite, anhydrous l£ ounces 40 grams 

Citric acid J ounce 20 grams 

Sodium thiosulphate 8 ounces 200 grams 

Water to make 40 ounces 1,000 c.cm. 

The chemicals must be dissolved in the above 
order. 

Proportional Reducers. Dilute Farmer's reducer 
acts proportionally. The standard formula 
given above is used, but the working solution 
is made up with only about one-tenth the 
amount of potassium ferricyanide. 
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TheFarmer’sreducermayalso be used in two 
separate baths. The negative is first immersed in 
a 1 per cent potassium ferricyanide solution 
until sufficiently reduced, and then transferred 
to a 10 per cent sodium thiosulphate bath for 
5 minutes. 

An alternative proportional reducer can be 
made up from equal parts of the potassium 
permanganate reducer (above) and the am- 
monium persulphate solution (below). 
SuperpropordonaJ Reducers. A common super- 
proportional reducer is ammonium persul- 
phate. 

Ammonium persulphate 60 (rains 3-3 grams 

Sulphuric acid, 10 per cent 

solution 200 minims 10 c.crft. 

Distilled water to make 4 ounces 100 c.cm. 

The ammonium persulphate must be pure; 
the crystals should crackle as they dissolve. 
The made-up reducer does not keep, and must 
be used immediately. 

The negatives are immersed in the solution 
until they have almost been reduced enough. 
They are then immersed in an acid fixer or a 
5 per cent sodium sulphite solution. 

When the reducer solution begins to go 
milky, it should be thrown away and a fresh 
lot made up. 

An alternative superpropqrtionaJ reducer 
consists of a 0T per cent solution of benzo- 
quinone containing 0-3 per cent of sulphuric 
acid. 

Prints. The methods and formulae suitable for 
print deduction are much the same as used for 
negatives. The solutions are generally used 
rather more dilute, because the amount of 
silver deposit that forms the image in a print 
is much less than that needed to form a nega- 
tive. 

The action of the reducer must be carefully 
watched and arrested before it bleaches out 
all the detail in the highlights and leaves only 
blank white paper. 

Usually badly over-exposed or over-deve- 
loped prints cannot be saved by reduction, nor 
is it worth the trouble. It is nearly always 
quicker and more effective to make a fresh 
print. Farmer’s reducer can, however, be used 
to clear slightly veiled highlights by immersing 
the print in a dilute solution for about five to 
ten seconds. 

Another clearing bath which acts more 
slowly consists of three parts ferrous sulphate 
and one part each of potash alum and citric 
acid in twenty parts of water. 

Local Reduction. Certain reducers, among 
them Farmer’s, may be applied locally with 
a brush to lighten small areas of the print or 
to pick out highlights. They may even be used 
to "paint” clouds into an otherwise empty 
grey sky. 

Chemical] Spotting. Local reduction is also 
useful for removing small black spots, etc., 
as an alternative to scraping them out with a 


knife. Chemical removal does not damage the 
print surface in any way, whereas scraping 
always leaves a roughened patch. Small spots 
can be erased in this way with a mixture of 
equal parts of a 5 per cent solution of iodine in 
alcohol (with a little potassium iodide added 
to help it to dissolve) and of 10 per cent thio- 
carbamide in water. 

The print is first swabbed over with a plug of 
cotton wool soaked in alcohol, to remove 
surface grease. It is then wiped dry with another 
piece of cotton wool. The reducing solution is 
applied with a brush, and immediately wiped 
off with a piece of cotton wool soaked in 
alcohol. 

The process is repeated until the reduction 
has gone far enough, and the print is finally 
fixed in an ordinary hypo fixer. 

Bleaching. The print image can be completely 
bleached out — as in making bromoil prints and 
also in making pen-and-ink drawings from 
photographs. L.A.M. 

See a Iso: Bleach-out process: Retouching. 

Books: All About Improving Negatives, by F. W. Frerk 
(London); Developing, by C. I. Jacobson (London). 

REDUCTION. Term applied to certain 
chemical reactions in which the electro-positive 
(usually metallic) component is increased — 
e.g., exposed silver bromide in a film is re- 
duced by the developer (a reducing agent) to 
form metallic silver. 

In practical photography the same term is 
also applied to any operation on a negative or 
print which lowers the contrast of the image or 
decreases the density of the silver deposit. The 
object of reduction is to make a very dense 
negative easier to print, or to lighten unde- 
sirably black areas of a print. 

The two uses of the term are unconnected. 

Sec also: Development theory; Latent Image: Reducing. 

REFLECTANCE. The reflecting power of any 
surface is measured by comparing it with a 
perfectly white surface such as magnesium oxide 
which has been deposited as smoke on a 
polished silver surface. The ratio of the bright- 
ness of a given surface to that of magnesium 
oxide under the same conditions of illumina- 
tion is called the reflectance value. In calcula- 
tions it is treated in the same way as trans- 
mission — i.e., it may be quoted as a reflection 
factor or as a percentage reflection or as a 
reflection density (the negative logarithm of 
the reciprocal of the reflectance). 

REFLECTION. When rays of light fall on a 
polished surface like that of a mirror or a pool 
of still water, they undergo reflection. The 
optical laws of reflection are important to the 
photographer who wants, for example, to 
take pictures in a mirror, or a scene reflected 
in water. The same laws apply to the use of a 
reflector for brightening up shadows. 
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REFLECTION. A. image. 8, reflecting surface. C, object. 
R, angle of reflection. I, angle of incidence. The angle of 
incidence is always the same as the angle of reflection, and the 
image is as far behind the mirror as the object is in front. 

There are three principal laws of reflection : 

(1) The angle of incidence is equal to the 
angle of reflection. 

(2) The incident and reflected rays are in the 
same plane as the normal at the point of 
reflection. 

(3) The image is as far behind the mirror as 
the object is in front. 

Angle of Reflected Ray. A ray of light striking 
the reflecting surface bounces off the surface 
and goes away in a new direction. The angle 
which it makes with the perpendicular to the 
surface of the mirror before reflection — angle 
of incidence — is the same as the angle it makes 
with the same perpendicular after reflection — 
angle of reflection. 

If the ray of light falls on the mirror at an 
angle of 45°, it will be reflected at the same 
angle. It will, in fact, be turned at 45° 4- 45° 
= 90° to its original direction. (This is the 
principle of the reflex viewer in which a 45° 
mirror is used to swing the light coming 
through the lens from the subject through 90° 
to make it form an image on a horizontal 
focusing and viewing screen.) 


This law decides the angle at which a re- 
flector must be placed to throw light from a 
lamp or the sun into the shadow areas of the 
subject. Although the matt white surface of 
reflectors used for this purpose scatters much 
of the light in all directions, most of the rays 
behave roughly as though they had been 
reflected from the polished surface of a mirror. 

To arrive at the correct angle for a reflector, 
one imaginary line is visualized as coming from 
the light source to the reflector and another 
from the shadow area to the reflector. To 
throw the maximum amount of light into the 
shadow area, the reflector must be fixed so that 
both imaginary lines make the same angle with 
its surface. In addition, the surface of the 
reflector must be at right angles to the plane 
in which both imaginary lines he. 

Position of Reflected Image. When photo- 
graphing an image reflected in a mirror or a 
sheet of water, the lens must be focused on the 
image and not on the reflecting surface. And 
the image lies as far behind the reflecting 
surface as the mirrored object lies in front of it. 
So that the actual distance on which the lens 
must be focused to reproduce the image sharply 
is the sum of the distance from the camera to 
the mirror and the mirror to the object. 

A photographer may want to make a self 
portrait by taking his reflection in a mirror. If 
he stands, say, 4 feet in front of the mirror, 
his image in the mirror will be 4 feet behind the 
mirror, so he will have to focus at 8 feet. 

In the same way, if a building or a tree 
200 feet from the camera is reflected in a pool 
10 feet in front of the camera, the lens will have 
to be focused at 200 feet (in practice, at 
infinity) to give a sharp reflection. F.P. 

See aIjo: Mirror photographs, 

REFLECTIVITY. Term applied to the ability 
of a surface to reflect light incident on it — the 
ratio between the intensities of the light before 
and after reflection. The figure varies with 
the nature of the surface and also with the 
direction in which the intensity of the re- 
flected light is measured. 


REFLECTORS 


A lamp normally gives out light in all direc- 
tions and unless something is done to control 
it, only a part of the light falls on the subject 
while as much, or more, is wasted. In practice 
the lamp is equipped with a suitably-shaped 
reflector which intercepts most of the rays of 
light travelling away from the subject and 
sends them back and distributes them in the 
desired direction. 

According to the shape and size of the 
reflector, the light may be spread to give general 
illumination or concentrated to brighten a 
small area of the subject. 


Surface. Reflectors are usually made of metal 
to withstand the heat of the lamp. 

The surface may be highly polished, in 
which case it behaves like a mirror, or matted. 
A polished surface gives a hard light which 
casts sharp-edged shadows; a matted surface 
gives a soft diffused light with blurred and 
more luminous shadows. 

Shape. The shape and size of the reflector 
decide how much of the light is concentrated 
usefully on the subject. A flat surface simply 
throws back the light in a spreading beam 
rad iating outwards as though from an imaginary 
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REFLECTOR EFFICIENCY. The efficiency of a reflector depends on the angle subtended at the lamp. As the focus Increases, the 
collection angle drops, and to maintain the same efficiency a larger reflector is required. 


lamp as far behind the reflector as the real 
lamp is in front. Reflectors of this kind, con- 
sisting of a flat, white-painted or silvered board 
or stretched sheet are used near the subject for 
lighting up shadow areas; they are not used 
as lamp reflectors. Flat reflectors of this type 
are used outdoors in motion film production. 

Lamp reflectors are always curved towards 
the light source. Three principal types of 
curve are employed — spherical, parabolic, and 
elliptical. In each case, the name indicates the 
shape of a cross section through the middle of 
the reflector. 

A spherical reflector is used to produce a 
broad spreading beam for general illumination 
of the subject. This is the form chosen for 
flash and Photoflood lamps used as flood or 
fill-in lights. 

A parabolic reflector is mostly used to give 
a fairly parallel beam of light for illuminating 
only a part of the subject or for illuminating 
the whole of a distant subject. Theoretically, a 
point source of light placed at the focus of a 
parabolic reflector gives a parallel beam of 
light of the diameter of the reflector. 

An elliptical reflector gives a converging 
beam when the lamp is placed at one of its 
focal points (the light converging to the other 
focus). This type of reflector is used for con- 
centrating the light on to a relatively small 
area, e.g., for illuminating the negative in an 
enlarger or projector. 


But the performance of any one of these 
reflectors depends on a number of other factors. 
If the distance of the light source from the 
reflector is increased, the reflected beam tends 
to become narrower; if it is shortened, the 
beam tends to broaden. And even when a beam 
converges to a point in front of the reflector, 
it crosses and spreads out after passing through 
the point, so that although the reflector is of 
the converging type, the beam it finally pro- 
duces may be diverging. 

Size. The amount of light thrown back by the 
reflector depends upon how much of the light 
emitted by the lamp it intercepts. A reflector 
close to the lamp will intercept more of the 
light than one farther away. 

So the closer the lamp is to the reflector, 
the smaller will be the reflector needed to throw 
back a given proportion of the light emitted 
by the source. 

But there are disadvantages in using a small 
reflector with a short focal length close up to the 
lamp. A curved reflector will not give evenly 
distributed illumination unless it is used with a 
point source of light. The source provided by 
the normal filament lamp is either an incan- 
descent ring (sometimes a grid) at least 1 in. 
across (if the bulb is clear) or a luminous 
opal or frosted bulb of 2 ins. or more in 
diameter. 

Neither of these can be regarded as a point 
source, but for practical purposes they can be 



REFLECTOR SHAPES. The lamp in each case is ot the focal point. Left: Spherical reflectors diverge and to some extent diffuse the 
light. Centre: A parabolic reflector produces a parallel beam. Right: An ellipticel reflector produces a converging beam. In practice 
reflectors do not behave in this precise fashion, because of the finite size of the light source. 
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LAMP POSITION. Left: When the lamp is moved away from the reflector, the rays converge. Right: Moving the lamp towards the 
reflector makes the rays diverge. When the lamp is at the f o cal point of the reflector, the rays are more or less parallel. In practice 
the effect is less precise, and converging rays cross and produce a diffused light. 


treated as such so long as the focal leDgth of the 
reflector is large in relation to the size of the 
source. But as the focal length of the reflector 
is reduced, the effect of the size of the light 
source becomes more and more noticeable. 

In general, the size of the light source is kept 
as compact as possible and used in conjunc- 
tion with the largest convenient reflector. These 
dimensions are only important for the type of 
hard lighting given by an approximately point- 
sized light source and a highly polished curved 
reflector, e.g., as in projectors, spotlights, and 
some types of enlarger. Where the light can be 
more or less diffused however — e.g. for general 
subject lighting — it is easier to obtain an even 
flood of light by using frosted or opal lamps in 
matted reflectors. With this kind of set-up, 
there is no need for accurate centring or focus- 
ing of the lamp, and the exact shape of the 
reflector is less critical. 

In enlarging and projecting apparatus, the 
reflector is usually a separate (often optically 
worked) component of silvered glass or metal, 
but in units for general lighting it is usually 
shaped to incorporate the lampholder, No 
adjustment of the relative positions is then 
possible. 

The shape of the reflector as seen from the 
front is not always a circle. Other shapes are 
also used — e.g. the square types made to work 


side by side, and the long, trough-shaped 
reflectors made to house tubular lamps. 

Folding Types. Reflectors are always a problem 
when lighting equipment has to be carried 
about, and several attempts have been made to 
make them fold or collapse into a smaller 
space. 

One form of collapsible reflector is con- 
structed in the form of an umbrella top with- 
out a stick, silvered on the inside. This is com- 
monly used by cinematograph crews on loca- 
tion work; it is too heavy and bulky for normal 
photographic use. 

Ordinary photographic lighting reflectors are 
mostly rigid, but portable flash units often have 
folding reflectors. The simplest type is made of 
segments of stiff card, silvered on one side and 
joined together to form a shallow saucer-shaped 
reflector. When not in use, the reflector can be 
folded along the joins into a flat bundle no 
bigger than a single section. 

One folding type is made of thin strips of 
polished metal which open out like a fan to 
form a curved reflecting surface behind the 
flash bulb holder. Another collapsible reflector 
consists of a sheet of polished, springy metal 
which is rolled and housed in a tube. When the 
roll is pushed up from below, it emerges from 
the top of the tube and opens out in a curved 
fan shape. Reflectors of this type have a form 



STUDIO REFLECTORS. Left: Masked lamp to cover small area ; adjustable for height and angle. Centre left: Lighting batten, 
consisting of a number of reflectors and lamps in line. Centre right: Trough reflector for large number of lamps to provide even 
flood of light. This and the previous units are usually overhead fittings. Right: Ring of reflectors surrounding camera lens for 
shadowless illumination. This is often used in medical record photography. 
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SPILL RINGS. Two or three concentric rings, painted dead black 
and placed in front of the lamp, intercept and cut out angular 
rays. This produces a well-defined beam. 

that is far from perfect, but they give sufficiently 
even illumination for the majority of ordinary 
flash subjects. 

Multiple and Special Types. For studio flood 
lighting whole banks of lamps are often fitted 
inside a large trough-shaped reflector. This 
gives even and well diffused over-all illumina- 
tion. 

Where highly localized light is required 
without the harsh character of a spotlamp, a 
deep reflector may be employed. That consists 
in effect of a normal spherical reflector with 
a long tube added to it (although in fact the 
whole unit may be made in one piece). The 


tubular part confines the light to a small area, 
the size depending on its distance from the 
source. 

A series of separate reflectors arranged in a 
ring round the camera lens and pointing at the 
subject will yield completely shadowless illu- 
mination. As an alternative the individual 
lamps can be fitted in a ring-shaped reflector. 
Similar ring reflectors are available for curved 
tubular lamps. 

Spill Rings. The shape and position of the 
reflector can be arranged to produce a more or 
less concentrated area of light on the subject, 
but the lamp itself sends out direct rays that 
spread over a much bigger area. These direct 
rays are often undesirable but they can be 
controlled by mounting concentric “spill 
rings” of blackened metal in front of the lamp. 

Spill rings, in proportion to their number and 
depth, absorb the undesirable wide angle rays 
emitted by the lamp but allow the useful direct 
and reflected rays to shine on to the subject. 
Occasionally a hemispherical metal cap is 
mounted in front of the lamp. It serves a 
similar purpose except that it cuts off all the 
direct rays from the lamp whether they are 
useful or not. F.P. 

See also: Lighting equipment: Projection principles; 
Reflection; Spotlight. 

Book: Photographic Illumination, by R. H. Cricks 
(London). 


REFLEX ATTACHMENT. Focusing device 
available as an accessory for certain miniature 
cameras which take interchangeable lenses. It 
converts the camera into a single lens reflex 
camera, and thus permits direct focusing of the 
image on a ground glass screen. This is of great 
assistance in telephoto work, close-up photo- 
graphy, and photomicrography where accurate 
focusing is essential. 

Separate reflex viewing and focusing units 
are also available f or cameras with non-inter- 
changeable lenses; these are, however, inde- 
pendent viewfinders and not reflex attach- 
ments proper, nor do they necessarily show the 
exact image as seen by the camera lens. 
Construction. The reflex attachment is con- 
structed on the lines of a single lens reflex 
camera but without provision for holding any 
film. It fits on to the front of the camera and 
incorporates a movable mirror which deflects 
the light forming the image on to a ground 
glass screen in the top of the housing. The 
distance from the mirror to the screen is exactly 
equal to the distance from the mirror to the 
focal plane of the camera. For that reason a 
reflex attachment has to be specially designed 
or adapted for use with a particular camera. 
The front of the attachment carries a bayonet 
or screw mount for the lens. 

Viewing. The image on the ground glass 
screen is observed through a focusing magnifier. 


Several types are often interchangeable on one 
and the same reflex housing. The usual magni- 
fication is 4 x to 5 x , but special fine focusing 
magnifiers are also available with a magnifica- 
tion of 20 x to 30 x . Other types are: 

Vertical magnifiers which serve for observa- 
tion of the image from above, i.e. for waist- 
level viewing. These form an upright but later- 
ally reversed image. 

Inclined 45° magnifiers for eye-level viewing 
which incorporate a second mirror or a prism 
system above the ground glass screen. These 
form an upright image which may be laterally 
reversed or (if a pentaprism is used) right-way- 
round. 

Right-angle 90° magnifiers are similar to 
45° magnifiers in principle, but suitable for 
eye-level viewing only. The reflecting system 
above the screen may be a simple mirror form- 
ing a laterally reversed image, or a pentaprism 
to show a right-way-round image. 

Exposure. For exposure, the mirror of the 
housing is swung out of the way. and the 
camera shutter released. Some reflex housings 
use a prism which is moved vertically out of 
the way. 

The movements of the mirror and the camera 
shutter can be coupled to a common release 
cable by a special link, or by a cable coupler 
which takes two separate cable releases and 
operates them together. The release must be 
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REFLEX VERSATILITY. For maximum adaptability, same reflex 
attachments provide for interchangeable viewing eyepieces. 
These permit waist-level or eye-level examination of the 
image, and may incorporate a pentaprism unit to present the 
screen picture the right way round. Magnifiers up to 30 X ore 
also available f or specially exact work. 

so adjusted that the mirror swings completely 
clear of the optical path before the shutter 
starts to open. 

Close-up Work. The reflex attachment occu- 
pies some space between the camera flange and 
the lens mount, and so acts as an extension 
tube. It is thus specially suitable for close-up 
work with the standard, medium long focus, 
and wide angle lenses of the miniature camera 
to which it is fitted. The image is focused in 


the normal way by means of the lens mount, 
as on the camera. 

As the extension is fixed, the range of subject 
distances is limited. It may however be in- 
creased by additional extension tubes, or by 
adding a bellows extension unit. 

The image scale depends on the focal length 
of the lens. A normal figure with a 5 cm. lens is 
around same-size, with a 3-5 cm. lens around 
1$ to 2} times natural size, and with a 9 cm. 
lens about | natural size (all without additional 
extension tubes or units). 

Telephoto Work. Long-focus and telephoto 
lenses have to be specially matched to the 
reflex housing to allow for the depth of the 
housing and thus permit focusing at infinity. 
Most telephoto lenses designed for use with 
such attachments have a shorter barrel than 
would be necessary when using the lens directly 
on the camera. Since such telephoto lenses are 
almost exclusively used only with the reflex 
attachment, this short barrel is a standard 
fitting, and a special compensating extension 
tube is available when the lens is mounted 
directly on the camera. 

Photomicrography. The reflex attachment per- 
mits direct screen focusing also when used in 
conjunction with a microscope adaptor for 
photomicrography. A refinement for this pur- 
pose is a clear glass screen in place of the ground 
glass for fine focusing. The two screens may be 
interchangeable, and in one model at least they 
are mounted in a rotating holder for instant 
changing over. The ground glass screen is used 
at low magnifications and the clear glass screen 
at higher magnifications or when the grain of 
the ground glass becomes disturbing. The 
viewing magnifier of the reflex housing is first 
focused on a set of cross-wires engraved on the 
clear screen, to permit accurate observation of 
the aerial image. L.A.M. 

See also: Close-ups; Extension of camera; Focusing 
stage; Macrophotography. 



REFLEX VIEWING. Left; Reflex attachments for miniature cameras convert the camera into a miniature reflex. Right: Special 
reflex attachments designed for long-range sports photography with long-focus lenses may incorporate a magnifying prism system 
f or convenient eye-level viewing of an upright and right-way-round imoge. A, lens. B, mirror. C, screen. D, eyepiece. E, camera. 
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REFLEX CAMERA 


Type of camera incorporating a ground glass 
screen on top of the body which receives an 
image via a 45° mirror. It has been popular since 
the begmn ing of the century. Like the minia- 
ture camera, the stereoscopic camera, and the 
Beld camera, the reflex camera has its own 
circle of devotees to whom it is the ideal 
instrument. There have been two major modi- 
fications of this original pattern, so that there 
are now two distinct types: the single lens 
reflex (the original type) which includes the 
modern miniature reflex, and the twin-lens 
reflex. Each of these has developed along its 
own lines and possesses special advantages not 
shared by the others. 

SINGLE LENS REFLEX 

In the single lens reflex, the image is formed 
by the taking lens on a ground glass screen on 
top of the camera. The subject can be viewed 
and focused right up to the instant of exposure. 
The image on the screen is seen upright, free 
from parallax error and in the actual size it 
will appear on the negative, although laterally 
everything is reversed from left to right. 

The majority of single lens reflex cameras 
are of the rigid box form. The plate or film 
is housed at the back of the box. Immediately 
in front of the negative there is normally a 
focal plane shutter. The front of the box forms 
the lens panel. 

Between the lens and shutter there is the 
mirror, hinged along its top edge so that it can 
either lie flat against the top of the box, or 
swing down to lie at an angle of 45°. When 
the mirror is lowered it reflects the rays of 
light that come through the lens, on to a 
sheet of ground glass set in the top of the box. 
When the mirror is raised, it covers the under- 
neath of the ground glass screen and the light 
from the lens falls on the surface of the plate 
or film in the back of the camera. The position 
of the mirror is so arranged that when an image 
is f ocused on the screen with the mirror lowered, 
the same image falls into focus on the plate or 
film when the mirror is raised out of the way. 

Pressure on a lever on the outside of the 
camera raises the mirror. At first the light 
falls only on the blind of the focal plane shutter, 
but as the mirror reaches the limit of its travel 
it presses against a stop which releases the 
shutter and makes the exposure. 

Shutter. Nearly all reflex cameras have self- 
capping focal plane shutters. These shutters 
generally give instantaneous speeds down to 
1/10 second with Time and Bulb settings. 
Some of the smaller models — in particular, the 
miniature reflexes — have shutters that give a 
range of slow speeds, and have a built-in 
delayed action release for self portraiture. 
Loam. One great advantage of the reflex 
camera is that it will take any lens whose focal 


length can be accommodated within the 
dimensions of the camera. This is because the 
image is focused visually and not by scale. So 
it can be used with long or moderately short 
focus lenses, the correct camera extension being 
given by sunk mounts to bring the lens nearer 
to the plate and extension tubes to take it 
farther away. 

Normal types of wide angle lenses with a very 
short back focus cannot however be used; 
because of their nearness to the f ocal plane, the 
back of the lens would prevent the mirror from 
being raised. Special wide angle lenses with 
long back focus (inverted telephoto types) 
have been designed to overcome this. 

A reflex camera is naturally used most for 
subjects which move about and do not allow 
any time for slow methods of focusing. For 
this reason reflex cameras are fitted with fast 
lenses — generally with an aperture of/ 4-5 and 
never less than / 6-3. The lens is often sunk 
into the front panel and on old types is covered 
by a hinged flap. This acts as a sunshade when 
it is raised to uncover the lens. 

Focusing System. In the standard form of 
reflex camera the lens panel is joined to the 
body by a short bellows and can be racked out 
for focusing by turning a knob on the side of 
the camera. The image appears full size and 
right-way-up on the focusing screen, and it 
can be arranged and sharply focused right up 
to the instant of exposure. 

One great disadvantage of reflex focusing 
shows itself when the lens has to be stopped 
down. At such times the image on the screen 
is very difficult to see and often impossible to 
focus. To get over this difficulty the screen 
is always fitted with a deep collapsible hood to 
shield it from the light. Often the hood is 
extended to reach right up to the eyes of the 
user. 

Formats. Up to about 1930, the most 
popular format for reflex cameras was un- 
doubtedly the quarter plate size (3J x 4J ins.). 
A few were larger than this, but the general 
trend was towards a less cumbersome size. 
The first move in the direction of smaller 
reflexes was the 2J x 3i ins. roll film camera. 
This had the disadvantage that the user had 
either to be satisfied with the normal horizontal 
format or indulge in acrobatic contortions to 
hold the camera on its side when he wanted to 
take vertical pictures. One way of avoiding 
this was the fitting of a revolving back. The 
arrival of the 2J x 2J ins. format solved this 
problem more easily and reduced the reflex 
camera to reasonable proportions. 

Today, most roll film reflex cameras are 
made to take a 2J ins. square picture. There 
are also an appreciable number of miniature 
reflexes that use 35 mm. film. 

Focusing Magnifier. The difficulty of focusing 
the much smaller image was overcome by a 
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SINGLE LENS REFLEX CAMERA. Typical roll film model taking 12 exposures 2J X 2J Ins. on standard size 120 fi/mf. May incor- 
porate various refinements such as a plate back, removable hood, and pre-selector iris diaphragm. The shutter is usually a focal 
plane type, and the lens is interchangeable. Top lefc: General view of camera against I in. square grid. Top right: Top view. 
Bottom right: Front view. Centre left: Optical path during viewing. Bottom left: Optical path during exposure, with mirror 
swung out of the way. 

A, slow speed setting dial. B, main speed setting dial ( I /25 to l/500or I / 1000 second). C, Rapid winding lever. D, film counter 
( used after film is In position for first exposure). E, ground glass screen. F, hinged focusing magnifier. G, lens mount. H, focusing 
ring, carrying focusing scale. I, aperture ring with preselector control (if fitted). J, focusing hood, usually Incorporating an eye- 
level frame finder. K, shutter release. L, flash socket. M, cable release socket. N, release f or removable hood. O, reflex mirror 
P, bo/onet camera mount for quick lens changing. Q, bayonet lock and release for lens. R, central camera support and tripod bush. 
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EYE-LEVEL REFLEX CAMERA. The built-in pentaprism system of this 35 mm. model presents an upright and right-wav-round 
imoge. The screen is partly clear, partly ground glass, and incorporates a pair of crossed wedges acting as a split field range- 
finder. The lens is fixed in a diaphragm shutter (many miniature reflexes have interchangeable lenses and a focal plane shutter ) 
which is open f or viewing while a capping plate covers the film. On releasing the shutter closes, the iris closes dowi, to its preselected 
stop, the mirror and capping plate swing out of the way, and the shutter opens for the exposure. Top left: General view against 
I in. square grid. Bottom left: Section showing optical system. Top right: Top view. Upper centre right: Front view. Lower 
centre right: Bottom view. Bottom right: Back view. 

A, pentaprism. B, screen with field fens. C, mirror. D, fens E, capping plate. F, film. G, film transport knob ( also closes 
capping plate, lowers mirror, opens iris, and re tensions and opens shutter in one movement ). H, film counter. I, release button. 
J, pre-selector operture lever. K, shutter speed ring. L, front cell focusing mount. M, baseboard and back lock. N, pentaprism 
housing. O, exposure meter pointer. P, meter setting ring. Q, film speed scale. R, meter cover. S, rewind knob. T, meter cell. 
U, lens. V, tripod bush. W, finder eyepiece. X, camera back. 
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built-in focusing magnifier or by substituting a 
picture-size plano-convex lens for the focusing 
screen. The lower flat surface of the viewing 
lens was ground and the image focused on it 
was automatically magnified. 

Eye-level Operation. The bulkier types of 
reflex are only designed for operation at waist- 
level with the observer looking down into the 
screen. For this purpose the camera is 
generally equipped with a sling so that it can 
be hung from the user’s neck. By mounting 
it on a tripod and substituting a focusing screen 
for the plate holder, of course, this type of 
reflex can be operated and focused like an 
ordinary stand camera. But the reflex focusing 
can only be used at or near waist level. 

The smaller types of reflex — i.e., those of 
2i ins. square and smaller formats — are light 
enough to be held at eye level, and cameras of 
this class always incorporate some kind of eye- 
level viewfinder. This may be no more than 
an open frame finder which folds into the 
screen hood when not in use. For fast-moving 
subjects this finder has the advantage that the 
subject is viewed the right way round and is 
not dimmed when the lens is stopped down. 
But it has the disadvantage of dispensing with 
the reflex screen except for preliminary focusing. 

There is another type of eye-level finder 
which may be fitted instead of or in addition 
to the open frame type. This consists of a 
mirror in the screen hood which can be set at 
45° to the reflex screen. By holding the camera 
at eye-level and looking at the mirror, the 
user sees a reflection of the image on the 
focusing screen so he can compose and focus 
right up to the instant of exposure. 

The system has the disadvantages associated 
with the normal reflex focusing screen but in 
this case the image appears upside down — 
definitely a further handicap. None of these 
disadvantages is present in the miniature single 
lens reflex cameras specially designed for eye- 
level operation. 

Miniature Eye-level Reflex. The first minia- 
ture reflexes were little more than scaled- 
down versions of the larger types. They were 
equipped with more accurate shutters and 
incorporated a mirror in the collapsible hood 
for use in viewing at eye-level. 

In recent years this type of camera has been 
vastly improved by designing it for eye-level 
use only, and the miniature eye-level reflex can 
now be considered as a distinct type. 

The distinguishing principle of this type of 
reflex is that the image is viewed and focused 
at eye level through an eye piece which is an 
integral part of the construction. The eye- 
piece is a magnifier which gives an enlarged 
picture of the image formed by the lens. 

The ground-glass screen image is reflected 
by a double mirror system so that it appears 
upright, though the two mirrors by themselves 
still show it reversed left-to-right. Most 
modern eye-level reflexes use a pentaprism 

MO 


with three reflecting surfaces which turn the 
image upright as well as right-way-round. As 
the prism is in one piece, it is easily made with a 
high degree of accuracy, and the reflections do 
not get out of alignment. Frequently the lower 
surface of the pentaprism itself acts as the 
ground-glass screen. 

The image is not always formed on a ground 
glass screen. All or part of the picture may be 
focused as an aerial image with the aid of a 
high-power magnifier. This is useful in photo- 
micrography and other specialized applications. 

There are several ways of elaborating this 
method of viewing to give increased accuracy 
of focusing. Some manufacturers introduce a 
■mall circle into the centre of the field in which 
the observer sees a double or split image. 
When these supplementary images are made to 
coincide, the lens is shaiply focused on that 
part of the subject. 

Originally, most miniature reflex cameras 
had focal plane shutters with fully interchange- 
able lenses. Many modern models now have 
diaphragm shutters incorporated in, or mounted 
behind, the lens. In this case the latter may be 
fully interchangeable or convertible (Using 
alternative front components with a built-in 
rear section). 

To keep the lens at full aperture for focusing, 
yet to permit instant stopping down for the 
exposure, the lenses usually have a pre-selector 
iris system. The aperture required is pre- 
selected without stopping down the lens. Pres- 
sing the shutter release then automatically 
closes the stop down immediately before moving 
the mirror out of the way and making the ex- 
posure. With diaphragm shutter models the 
shutter is also open for focusing, closes while 
the mirror moves out of the way, and opens 
again for the exposure. The mirror returns to 
the viewing position and the shutter opens 
once more on advancing the film. 

Several focal plane shutter models feature 
an instant-retum mirror. The mirror there 
flips back immediately after the exposure so 
that the screen image is visible again within a 
fraction of a second. That eliminates the some- 
times disturbing image black-out. 

Some miniature reflex models have coupled 
or even automatic exposure meter systems. 
Scope. The single lens reflex is at its best in 
child and animal photography: because child- 
ren and animals will not stay still and are 
difficult to keep in focus with an ordinary 
camera; the camera usually has to work close 
up, when parallax can cause difficulties and 
there is very little depth of field to play with. 

Single lens reflex cameras are also much 
used by naturalist photographers for close-up 
pictures of botanical subjects in the field. 

TWIN LENS REFLEX CAMERA 

In a twin lens reflex camera two lenses are 
mounted one above the other; the upper lens 



REF 



TWIN-LENS REFLEX CAMERA. Most twin-lens reflexes have a pair of matched viewing and taking lenses which are not normally 
interchangeable. They take 12 exposures 2J x 2$ ins. on standard size 120 roll film, and on the most advanced models loading 
as well as counting of the exposures is automatic. The shutter is a flash-synchronized between-lens shutter. Top left: General 
view of camera against I in. square grid. Top right: Section showing optical path. The screen imoge is visible all the time up to, 
and during, the exposure. Bottom left: Top view. Bottom right: From view. 

A, ground glass focusing screen. B, hinged focusing magnifier. C, eyelet and lug for carrying strap. D, peep window showing 
aperture and speed setting. E, lens panel carrying viewing and taking lens. F, spool knob. G, focusing scale. H, focusing knob ( may 
incorporate film indicator), I. focusing hood. J, rear sight of eye-level frame finder. K, front flap of hood, retracted for eye-level 
viewing. L, film counter. M, shutter speed setting wheel ( may incorporate light value scale). N, film transport crank. O, time 
exposure and safety lock. P, shutter release button. Q, self-timer. R, viewing lens. S, bayonet ring for lens accessories. T, aperture 
setting wheel. U, taking lens. V, synchronizing lever. W, flash socket. X, back latch. Y, tripod bush. 
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is used for viewing the subject and the lower 
for taking the photograph. 

There is a mirror fixed at 45° behind the 
upper lens. Light passing through this lens is 
reflected upwards by the mirror on to a 
horizontal ground glass focusing screen set in 
the top of the box. 

A partition shuts off the mirror chamber from 
the camera proper below. Light passing through 
the lower lens falls on the surface of the sensi- 
tive material — generally roll film — in the back. 

The focal lengths of upper and lower lenses 
are accurately matched and both lenses are 
mounted on a common panel. This panel can 
be racked out by a knob on the side of the 
camera. As the knob is turned to bring the 
visible image into focus on the screen, the 
image formed by the lower lens is automatically 
focused on the surface of the film. 

So a twin lens reflex allows the subject to be 
arranged and sharply focused up to and at the 
actual instant of exposure. The image on the 
screen is full size and right way up, but it is 
reversed from right to left. 

Construction, The body of the camera is usually 
a rigid alloy die-casting with a removable back 
for film loading. Most models take roll film. 
In some types the film back can be replaced 
by one which takes a focusing screen and plates 
or 35 mm. film. 

The lens panel is connected to the body by a 
light-trapped sleeve that takes the place of the 
bellows in the conventional camera. 

A collapsible hood is normally fitted to 
shield the focusing screen from extraneous 
light. This folds down and protects the screen 
when not in use. There is also usually a 
magnifying lens hinged to the hood. This lens 
can be swung over the focusing screen to give 
an enlarged picture of the image (or at least 
the centre of the field) f or critical focusing. 

With some models, the hood, when erected, 
can be converted into a frame type viewfinder. 
Other types sometimes have instead a mirror 
hinged inside the front panel of the hood. 
When brought into position, this mirror is 
viewed through a hole or magnifier in the 
rear panel of the hood; this then enables the 
focusing screen to be viewed at eye level. Such 
arrangements as these are useful when the 
camera cannot be used at waist level. 

Parallax Error Correction. Because of the 
vertical separation between its taking and 
viewing 1 enses the twin lens reflex suffers from 
parallax error. The error is negligible at dis- 
tances beyond about seven feet, but for dis- 
tances less than this, and particularly for close- 
ups, most manufacturers provide some form 
of correction. The correction is automatic in 
some cameras; in others it calls for a separate 
adjustment at the time of taking. Where there 
is no form of correction the user must make his 
own allowance. 

Lenses. The taking lens usually has an aperture 
of / 3-5 or larger, and the viewing lens, not 


having to be so highly corrected, has a still 
bigger aperture — often as much as / 1-9 — to 
give a bright picture on the screen. 

Supplementary lenses can be used with a 
twin lens reflex so long as the viewing lens is 
fitted with a supplementary lens identical with 
the one on the taking lens. Most of the better 
cameras include a range of matched pairs of 
supplementary lenses among their accessories. 
When close-up lenses are used the parallax 
error must be allowed for. 

Shutter. Most twin lens cameras have a between- 
lens shutter, and the usual iris diaphragm on the 
taking lens — the viewing lens is of course open 
at full aperture all the time. The better cameras 
are often designed so that the shutter and the 
diaphragm settings can be read from above 
with the camera in the working position. 
Focusing. The brilliant image is seen in full 
picture size on the screen and it is brought into 
sharp focus by turning the focusing knob on the 
side of the camera. 

The system has one disadvantage; as the 
viewing lens works at full aperture, it gives no 
indication of the depth of field covered by 
the taking lens. Because of this, twin lens 
cameras usually carry a depth of field table 
engraved on a metal plate attached to the back 
of the body or a depth of field scale engraved 
around the focusing knob. 

Refinements. On the better cameras film trans- 
port and shutter cocking are interlocked and 
sometimes operated by the same lever or handle. 
One or two manufacturers have produced 
folding models to reduce the bulk of this type 
of camera. A number of twin-lens reflexes have 
built-in (sometimes coupled) exposure meters. 
At least one make is available with inter- 
changeable lenses (both taking and viewing 
lenses are changed together), and a few with 
permanently fitted long focus lenses. 

Adapters are made to permit the camera to 
be used for stereoscopy, photomicrography, 
copying, and similar specialized subjects. 
Shutters are generally synchronized for flash 
photography. Other adapters equip the camera 
for taking plates and 35 mm. cine film. 
Formats. The most popular picture size is 
2i x 2\ ins. (6x6 cm.); a few models use 
If x If ins. (4x4 cm.) or even 24 x 36 mm. 
Several models provide alternative picture 
sizes from 24 x 36 mm. up to 2f x 2f ins. on 
one size of roll film. 

Scope. Twin lens reflex cameras are almost 
universal in their uses, with a particular bias 
towards genre, where their ability to focus 
moving, unposed figures and arrange the 
subject accurately in the picture space excels 
even the camera with coupled rangefinder 
focusing. At the same time, the sheer ease of 
focusing prompts their use for a lot of landscape 
and pictorial still-life that would normally call 
for the field camera. Twin lens reflexes are for 
this reason popular for illustrating travel 
articles and compiling picture series sequences. 
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Limitations. The twin lens reflex, like every 
other type of camera, has its characteristic 
limitations. Firstly, there are practically no 
interchangeable lens cameras of this type, as 
the focusing movement is insufficient to cover 
wide angle and long focus lenses and also 
because both viewing and taking lenses would 
have to be changed. 

In addition, the waist-level viewpoint neces- 
sary tends to make the sitter’s chin and lower 
jaw in portraits more prominent, and the 
foreground excessive in landscapes. 

At the same time, the fact that the viewing 
and taking lenses are so far apart gives the 
camera a parallax error that no form of com- 
pensation can completely counteract. 

Further, the twin lens reflex is both heavy 
and bulky to carry around because it consists 


practically of two cameras. It is difficult to make 
it fold up with the extra complication of the 
reflex mirror mechanism. There have been 
successful folding twin-lens reflex cameras, 
but all modern models are rigid. 

In addition it is not possible to equip it with 
many of the camera movements that are desir- 
able for architectural and other work where it 
may be necessary to correct — or even deli- 
berately introduce — perspective distortion. 

Nevertheless the twin lens reflex has so 
many unique advantages that, in spite of its 
shortcomings, it is probably the most popular 
hand camera of all among working photo- 
graphers and keen amateurs. F.P. 

Sec also: Camera history; Focusing; Rolleiflex. 

Book: Cameras, by W. D. Emanuel and A. Matheson 
(London). 


REFLEX COPYING. Method of contact copy- 
ing documents, drawings, and other line ori- 
ginals by exposure through the back of the 
sensitive material. This is placed in contact with 
the matter to be copied. The dark parts reflect 
little or no light, while the light background 
reflects most of the light. This produces on the 
document paper a reversed negative and the 
latter yields positive copies by repeating the 
process. Reflex copying is the only method of 
copying opaque originals without a camera, 
and documents with writing on both sides. 

See also: Document photography 

REFLEX HOUSING. Attachment for fitting 
between the camera body and lens (usually 
of a miniature camera) to permit the image 
formed by the lens to be viewed and focused 
before exposure. 

See also : Reflex attachment. 

REFLEX PRINT. Print made by exposing 
sensitized material in contact with a (usually) 
line original in which the light passes first 
through the sensitized material. The emulsion 
in contact with the light-toned areas of the 
original receives more exposure than that in 
contact with the dark-toned areas. This is 
because the light-toned areas reflect some of the 
printing fight back into the emulsion, whereas 
the dark areas reflect little or none. It is thus 
possible to produce a developable image by 
using a hard (or special reflex) paper. 

See also: Document photography. 

REFLEX PRINTER. Special type of contact 
printer equipped for making reflex prints up 
to 8 x 10 ins. or larger. In principle it is no 
different from normal printing boxes; it is 
larger than most because it is generally de- 
signed for making reflex copies of typescript 
and drawings. 

See also: Document photography. i 


REFRACTION. Change in the direction of a 
ray of light passing from one transparent 
medium into another of a different density. 
Refraction takes place because the velocity of 
light varies according to ihe density of the 
medium it is passing through. 

The action of both lenses and prisms depends 
on refraction. 

See also : Refractive Index. 

REFRACTIVE INDEX. A ray of light which 
passes from one transparent medium into 
another of a different kind is bent either 
towards or away from the normal — i.e., a 
line at right angles to the common surface at 
the point where the ray enters. 

The angle between the ray and the normal in 
the first medium is called the angle of inci- 
dence, and the angle it makes with it in the 
second medium (after being bent) is called the 
angle of refraction. 

No matter what the angle of incidence, its 
sine always bears a constant ratio to that of the 
angle of refraction. This ratio is the refractive 
index for the two substances. It is given by: 
sine of angle of incidence 
sine of angle of refraction 



REFRACTIVE INDEX . A ray of light is bent on passing from one 
transparent medium to another, i, angle of incidence, r, 
angle of refraction. The refractive index is ( sine i )/(sine r). 
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When the refractive index of a single sub- 
stance is quoted, it refers to the ratio when the 
first substance is a vacuum. 

So the refractive index of a substance is a 
measure of its power to bend rays of light. The 
greater the bending, the higher the refractive 
index — e.g. for air, the index is 1 -00029, and for 
glass anything from 1 -5 to 1 -8. 

The refractive index also varies according 
to the wavelength of the light: blue rays are 
bent more than red. This causes dispersion of 
the colours; the extent of this is expressed in 
Abbe numbers. 


REFRACTIVE INDEX AND ABBE NUMBER OF GLASSES 


Class Tytte 

Refractive 

IndcM 

Abbe 

Number 

Hard Crown 

1*5 IB 

60 3 

Borosilicate Crown 

1 -509 

64 4 

Medium Barium Crown 

1 -576 

574 

Dense Barium Crown 

1613 

600 

Light Flint 

1-503 

41-0 

Dense Flint 

1-621 

36 1 

Extra Dense Flint ... 

1-652 

33-6 

Double Extra Dense Flint 

1 B02 

25-5 


The ratio of the velocity of the light waves in 
vacuum to the velocity in any particular 
material is also a measure of the refractive 
index of the material ; 

Refractive index = 

Velocity in vacuum 

Velocity in transparent material 

See also: Optical glass . 

REGENERATION OF FIXING BATHS. In 
use a fixing bath undergoes the following 
changes: 

(1) The concentration of free thiosulphate 
ions decreases through loss of fixer carried out 
of the baths by the material being fixed, and 
partly owing to the formation of sodium argen- 
tothiosulphate. 

(2) The concentration of silver increases. 

(3) The acidity may decrease as the alkaline 
developer is carried over into the bath, unless 
an efficient acid stop bath is used. 

(4) The concentration of iodide increases 
(especially in fixing baths used for negatives) 
owing to the presence of silver iodide in most 
negative emulsions. 

All these changes interfere with the normal 
action of the fixing bath and thus lead to loss of 
activity and eventual exhaustion. 

The best course for the amateur or small-scale 
professional photographer is to discard the 
fixing bath when it is exhausted. For com- 
mercial processing laboratories and other large- 
scale establishments using large quantities of 
fixing solution it is often sufficiently economical 
to regenerate the free thiosulphate, or at least 
to recover the silver accumulated during fixing 
in the spent solutions. 

In regenerating a fixing bath, all the above- 
mentioned factors have to be taken into 


account. Thus it is not enough to add more 
hypo to make up for the amount used up if 
nothing is done about the other points, 
especially the increase in silver. The concen- 
tration of iodide is only of importance in 
negative fixing baths; the iodide converts 
silver bromide in the unfixed emulsion into 
silver iodide which takes much longer to 
dissolve in the hypo. This is also the main 
reason (apart from possible stains due to 
backing dyes) why negative fixing baths should 
not be used for prints. 

Electrolytic Regeneration. Electrolysis of the 
fixing bath removes the silver and at the same 
time liberates free thiosulphate from the 
argentothiosulphate ions formed at the time of 
fixation. It is thus the most complete method of 
regeneration, but requires comparatively costly 
apparatus and is economical only for reason- 
ably large-scale use. 

Various commercial units are available for 
the purpose, and some firms even hire them 
out to processing laboratories in return for 
part of the value of the silver recovered from 
the waste fixer. 

In electrolysis, the process must not be 
carried to completion, because silver sulphide 
may be precipitated as a result of secondary 
reactions if the silver concentration falls very 
low, or if the current density in the solution is 
very high. Generally a current density of about 
0*15 amperes per square decimetre can be 
used for every gram per litre of silver in the 
bath. Most practical installations use large 
stainless steel or silver cathodes with a surface 
area of several square metres. The anode is 
carbon. 

During electrolysis the solution must be well 
agitated. When the silver concentration falls 
below 0-5 gram per litre, the bath can be 
returned to use. 

Some silver recovery units work continu- 
ously and are simply inserted in the fixing bath 
during use. They can remain there for several 
months without further attention beyond a 
periodic check on the pH of the solution. 
This system is only practical with large tanks. 
Silver Recovery by Precipitation. The silver in 
a fixing bath can be precipitated by various 
methods. This does not necessarily regenerate 
the thiosulphate, but may decompose it and 
accumulate other by-products in the bath 
which make it unfit for further fixing. In some 
cases, however, provided the precipitation is not 
carried to completion, the fixing bath can be 
used again. This applies to precipitation by 
sulphide in acid solution, and by certain pro- 
prietary reagents. 

With all precipitation methods the silver 
content of the bath should be determined first 
in order to decide on the amount of reagent 
needed for precipitation (especially if preci- 
pitation is to be incomplete). This can be done 
by various analytical methods — e.g., precipita- 
tion of a sample to completion, visual corn- 
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parison of a colloidal silver sulphide solution 
prepared from the bath with a standard col- 
loidal solution, or testing with indicator papers. 
Precipitation by Sulphide. This is the cheapest 
method, but must take place out of doors and 
well away from any sensitized materials, as it 
generates hydrogen sulphide gas. 

The exhausted solution is collected in a 
large barrel with outlets in the bottom and 
about one-quarter to one-third of the way up. 
After estimation of the silver content, the 
requisite amount of 20 per cent sodium sul- 
phide solution is added, the solution well 
stirred, and left to stand for at least 24 hours. 
The supernatant liquid can then be drawn off 
at the upper outlet, and (provided the silver is 
not completely precipitated) brought up to 
strength with hypo and acid. 

For complete precipitation the bath should 
first be made alkaline. It then requires less 
sulphide, but is not suitable for re-use. 

The silver sulphide sludge is run off by the 
bottom outlet of the barrel from time to time, 
and dried. 

Precipitation by Base Metals. For this method 
the collected volume of exhausted fixer is 
treated with granulated zinc or zinc dust which 
precipitates metallic silver. A barrel may be 
used to accumulate a sludge containing the 
silver and the general arrangement of equip- 
ment is similar to that used in precipitation by 
sulphide. 

Other metals — e.g., iron (as steel wool) or 
copper turnings — can be used but zinc is 
generally the most practical and economic 
metal for the purpose. 

Other Precipitation Methods. The silver can be 
precipitated from the fixer with ferrous 
hydroxide or with sodium hydrosulphite. The 
latter produces a specially pure deposit of 
silver, but is comparatively expensive. In the 
ferrous hydroxide method the solution must 
be made alkaline before precipitation. 
Removal of Iodide. The accumulation of iodide 
from negative emulsions also limits the life 
of a fixing bath. It can be removed by adding 
5 per cent thallous sulphate solution, which 
precipitates the iodide as thallous iodide, an 
orange yellow substance. Some of the bromide 
will also be precipitated as thallous bromide 
which is pale yellow. The removal of iodide 
is reasonably complete when only thallous 
bromide is precipitated. 

The removal of bromide should not be 
carried to completion, or free thallous sul- 
phate will remain in the bath, and interfere 
with the fixing action. 

Restoration of Thiosulphate Content. After re- 
moval of silver by electrolysis, sulphide or 
hydrosulphite, the fixing bath will need the 
addition of sodium thiosulphate to bring it up 
to standard strength. The thiosulphate con- 
centration is best determined either by titration 
against iodine, or by measuring the specific 
gravity of the bath. 


Restoration of Acidity. The acid neutralized by 
developer carried over into the bath should 
be replaced if the acidity drops below the safe 
level — i.e., if the pH rises above 6'5. The bath 
may be tested by means of a suitable indicator 
and re-acidified by sodium bisulphite or sodium 
or potassium metabisulphite. Hardening fixers 
containing sulphite and acetic acid can be re- 
acidified by adding dilute acetic acid. The bath 
must not become too acid (pH below about 
4-5), as that would decompose the thiosul- 
phate. L.A.M. 

REGISTERING IMAGES. When making 
assembly colour prints (e.g., by combining 
separate, single colour images) some convenient 
method of accurately registering the images is 
desirable. 

The very nature of some photographs may 
make it difficult to achieve registration easily, 
and in photomechanical colour work auto- 
matic registration is required. 

Photomechanical printing. In sheet-fed printing 
machines the successive colour printings are 
registered by the "three-point lay” method. One 
side of the sheet lies against two points (“lays”) 
fairly wide apart and an adjacent side against 
a third point. So long as the same sides of the 
sheet are used every time, it will lie in pre- 
cisely the same position against the lays, even 
if the sheet is not exactly square in shape. 

In making printing plates in the graphic arts, 
and in pure colour photography, two register 
marks are usually used, preferably at the centre 
of the top and bottom of the subject or at either 
side. Two points are enough for accurate visual 
registration although they are not enough for 
automatic or rapid hand laying of sheets or 
paper or other material. 

Register marks may consist of circles, 
triangles, segments of a circle, thick and thin 
lines, etc., but most printers prefer a thin 
straight line, with three or four lines crossing 
it at right angles. Originally the main purpose 
of the crossing lines was f or colour proofing, for 
it was usual to punch a very small hole into 
the printing plate at one of the intersections of 
each register line. When one colour had been 
printed on the paper, a fine needle was passed 
through the proof from the back in the corres- 
ponding positions and the needle points were 
used to register the proof when printing the 
next colour. Several intersections were desir- 
able because if there were a number of im- 
pressions on each sheet a single hole might 
become enlarged and give inaccurate regis- 
tration. 

The holes are rarely used today but the marks 
are, because there is always the risk of a blemish 
on the intersection of one pair of lines and it 
is useful to be able to use another. 

It is possible to use detail of the subject for 
registering the successive images in pure colour 
photography and graphic arts printing pro- 
cesses, but most printers prefer register marks 
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at the margin of the image. It is advisable to 
place register marks at the edges of any studio 
set-up even if it is being shot on integral tri- 
pack colour film because the marks will be 
useful if the photograph is subsequently re- 
produced. 

Carbro. Carbro prints are always registered by 
hand. When the three carbro colour prints are 
ready on their temporary plastic (usually Pers- 
pex) supports, one colour is transferred on to 
soluble temporary support paper. This is 
wetted and lightly squeegeed into contact with 
the next colour image. In this state it can be 
moved into precise register by hand and 
squeegeed tightly down for the second transfer. 
Register marks help but there is sometimes 
distortion in the images; the register should be 
checked elsewhere as well as at the register 
marks. 

Dye Transfer. The system from which dye 
transfer originated was registered in much the 
same way as carbro. After one dye image had 
been transferred to the mordanted paper it was 
covered with a very thin sheet of plastic, laid 
just to the edge of the image. The next dyed 
relief was then laid in position and the thin 
plastic was then slid out from between the two 
and the second dye image squeegeed down for 
transfer. 

Dye transfer images are registered by the 
throe-point lay system. The three reliefs are 
first registered by hand and then guillotined 
along two adjacent sides so that the images will 
always be in register with respect to the trimmed 
edges. The special rubber transfer blanket has 
three raised studs on its surface which provide 
the lays for registering the squared off sides of 
the reliefs. The first image is transferred to a 
sheet of mordanted paper, laid in position on 
the transfer blanket; the relief is then removed 
and replaced with the next relief, from which 
the dye image is transferred into accurate 
register with the first image. The process is 
repeated for the third image and perhaps a 
fourth (black image). 

Colour-masking. The three-point lay method is 
often used in other colour techniques — e.g., of 
colour-masking, both for graphic arts and for 
pure photographic colour print making. Pro- 
cess cameras are often fitted with lays consisting 
of two slightly curved metal strips on which the 
lower edge of the photographic plate rests, and 
a third at one side. These strips, being curved, 
give a point contact and in practice are more 
efficient than pins. Three-point lays are also 
fitted in the “screen gear”, which holds the pro- 
cess crossline screen, and often at the copy- 
board end of the camera, particularly in the 
transparency holder. This system ensures 
that there are three positions where the subject 
and images from it may be removed and re- 
placed in accurate register. 

The three-point lay system is also used on 
enlarger easels when making colour separation 
images by projection from colour trans- 
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parencies. There are ready made proprietary 
devices, but the need can also be served by 
throe suitably positioned nails in a board. 
Register in Monochrome Printing. In some 
monochrome printing methods it is necessary 
to make two or more exposures in register upon 
bromide paper or on a plate or film; for 
example, in certain tone separation methods, 
where the highlight tones of the picture are 
printed from one negative and the shadow tones 
from another, because the two halves of the 
subject tone range can often be recorded better 
on two different negatives. It is rarely possible 
to include register marks in the original scene, 
but it is always possible to introduce the marks 
into the negatives afterwards. 

When the negatives are dry, register marks 
are scratched at either side, or top and bottom, 
of the densest negative (the one exposed for 
the shadow detail) and the position of those 
marks is reduced out of the other (highlight 
detail) negative, after which it is re-washed 
and dried. A contact print is made on a blue- 
sensitive (colour blind) plate from the negative 
containing the register marks. A little water is 
then put on an unexposed ordinary quarter- 
plate in the darkroom and, after two or throe 
minutes, while the emulsion absorbs the water 
and swells, the plate is warmed until the emul- 
sion dissolves and some of it can be lifted off 
on the tip of the finger and transferred to the 
highlight detail negative in the clear spaces 
which have been reduced out. (Many modem 
pre-hardened emulsions do not dissolve easily ; 
dye transfer relief film is ideal for the purpose.) 

The applied emulsion is then dried, still in 
the darkroom, preferably with a fan or a hair 
dryer, and the register marks can then be 
printed-in accurately from the positive. The 
latter is quite easily hand-registered with the 
negative by laying them together over a safe- 
light and checking that they obliterate each 
other, when they are taped together and contact 
printed. Of course, there will be no image 
elsewhere because the emulsion was only put 
in the register mark spaces. After the usual 
fixing, washing and drying both negatives show 
the register marks clearly on black. 

Other tone separation processes such as may 
be used in the making of photograms, colour 
derivations or in posterizing, which start with 
one negative or one print, lend themselves 
much more readily to the introduction of 
register marks; these can be scratched into the 
initial negative or positive. 

Printing into Register. Printing several images 
with register marks into register on one sheet 
of bromide paper or other material is com- 
paratively easy. After test exposures to deter- 
mine the printing times, one negative is exposed, 
the register marks only developed with a small 
brush or a piece of cotton wool and stop 
bathed with 2 per cent acetic acid. After that 
the other negatives can be exposed upon the 
same shoet with the register marks as a guide. 
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Combining a line drawing with a photo- 
graph, or double-printing two different nega- 
tives into one print can be done by similar 
means. 

The Blue Key Method. A less convenient 
method for pure photography purposes, but 
one which is sometimes convenient for certain 
graphic arts work, is the use of a “blue key”. 
A very weak and soft contact positive is made 
from one of the negatives to be double-printed 
(or vice versa from a positive) and it is then 
toned blue in a suitable toner (e.g., ferro- 
prussiate, or dye toners). After bleaching out 
any remaining metallic silver with Farmer’s 
reducer, a clear blue, non-printing image is left. 
The blue image should be very weak indeed. It 
is then taped securely into the enlarger so that 
each negative in turn can be registered against 
the blue image and exposed. The bromide 
paper is left in place throughout, and covered 
while the second, and any other negatives, are 
placed in position. F.H.S. 

Book: Colour Prints, by J. H. Coote (London). 

REGNAULT, HENRY VICTOR, 1810-78. 
French scientist, professor at the College de 
France. President of the Societe Framjaise de 
Photographie from 1855-68. Proposed (simul- 
taneously with Liebig) pyrogallic acid as 
developer (1851). Worked on the carbon 
process. Described in 1856 an actinometer 
using silver chloride paper. 

REHALOGENIZATION. Conversion of a 
silver image back into one of silver halide — 
e.g., in bleaching for intensification and various 
toning processes. Generally achieved by treat- 
ing the image in a solution containing an 
oxidizing agent (permanganate, bichromate, 
ferricyanide, etc.) and a halide (potassium 
chloride or bromide). 

See also : Redevelopment. 

REJLANDER, OSCAR GUSTAV, 1813-75. 
Swedish painter. Worked in England as 
portrait and genre photographer. A notable 
exponent of combination printing. His most 
famous “art photograph” was The T wo Ways oj 
Life, 1857, made from over 30 negatives. 
Provided a series of photographs of fleeting 
facial expressions for Charles Darwin’s 
Expression of the Emotions in Man and Animals 
(London, 1872). 

RELATIVE APERTURE. Measure of the 
opening in the diaphragm of a lens. It expresses 
the effective aperture of the diaphragm as a 
fraction of the focal length of the lens. This 
allows direct comparison between apertures 
irrespective of the actual sizes and focal 
lengths of the lenses. All lenses working at the 
same relative aperture form images of equal 
brilliance — Le., which require the same expo- 
sure. 


RELEASE (SHU I TER). Any control or device 
that releases the shutter mechanism to make an 
exposure. May take the form of a lever on 
the shutter itself, or a button on the camera, 
mechanically linked to the shutter. 

See also: Shutter releases. 

REMBRANDT LIGHTING. Type of lighting 
developed by the Dutch painter Rembrandt 
(1606-69). Its effect is to spotlight significant 
parts of the subject, leaving the remainder in 
heavy but luminous shadows. The term is used 
nowadays to denote this type of lighting in 
both paintings and photographs. 

REMOTE CONTROL. It is frequently an ad- 
vantage to be able to operate a camera at 
some distance — e.g., for taking pictures of shy 
subjects or in inaccessible places. For this pur- 
pose there are various methods of remote 
control, some of which merely release the 
shutter, but others advance the film and reset 
the shutter ready for the next exposure. 

See also: Shutter releases. 

RENWICK, FRANK FORSTER, 1877-1943. 
English chemist. Worked from 1898 till 1922, 
and again as Director of Research from 1 925 
till his death, with the Britannia Works Com- 
pany (1898) Ltd. (later Ilford Ltd.). Recently 
this* firm have named a new laboratory after 
him. From 1922 till 1925 he worked with 
DuPont at Parlin, N.J., on emulsion manu- 
facture. Specialized in sensitometry, light 
scatter, photographic chemistry and physics. 
During the first World War he developed plates 
for aerial photography. His name is also con- 
nected with the introduction of the Multigrade 
paper and the Kryptoscraen. He was a President 
of the Royal Photographic Society f rom 1 927-9. 
Helped to found the British Photographic 
Research Association in 1918, the Scientific 
and Technical Group of the R.P.S. in 1919 and 
the Photographic Alliance in 1930. Received 
the Progress Medal of the Royal Photographic 
Society in 1921. 

REPAIRS TO CAMERAS. Whether a photo- 
grapher should attempt to attend to any fault 
in his apparatus must depend on his mechanical 
knowledge in general, his possession of or 
access to suitable tools and his ability to use 
them efficiently, as much as on a full know- 
ledge of the equipment and its construction. 
Even simple repairs are often more difficult 
than they look because special keys are re- 
quired to loosen fixtures. Further, not knowing 
whether a particular screw has a right or left- 
hand thread may mean damaging the thread 
and doing more harm than good. 

It is generally cheaper, quicker and more 
reliable to leave repairs to expert mechanics. 
Many of the larger photographic dealers have 
their own workshops, staffed by mechanics 
with specialized experience, who can find the 
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cause of a fault quickly and remedy it. Besides 
these dealers’ repair departments there are 
photographic repair firms who specialize in 
repairing photographic apparatus. Most manu- 
facturers’ agents maintain mechanics who 
repair their own products, and only send major 
work to the factory for attention. This part of 
a manufacturer’s organization also handles 
repairs within the guarantee period of the 
instrument. 

Today, worn or faulty parts are generally not 
repaired, but replaced by new original parts. 
The cost of labour is so high that the expense of, 
say, repairing an escapement by hand would 
be out of proportion compared with replace- 
ment by a mass-produced, complete item from 
the factory. 

This explains why repairs to obsolete cameras, 
for which no spare parts are available, are so 
costly. In these cases no original parts are 
available to the repairer and he has to make 
them individually, sometimes at a high cost in 
time. 

It is, however, quite astonishing to find, 
particularly in countries which have in the 
past been cut off for years from the country 
of origin of the camera, the high degree of skill 
with which workshops have been able to make 
up gears, screws, levers, etc., to bring instru- 
ments anything up to forty years old into per- 
fect working condition. 

Common Faults. A survey of some 5,000 
repairs to a great variety of cameras shows 
that about 9 per cent needed no attention at 
all. The trouble was simply lack of knowledge 
on the part of the person handling the instru- 
ment. The reasons include refusal to read the 
instruction manual or a “Camera Guide", 
misreading a distance scale calibrated in metres 
for feet, etc., and just plain ignorance of the 
elementary facts of photography. 

Most faults on between lens shutters can be 
traced to dust, dirt or sand which has found its 
way into the mechanism, possibly over a period 
of years. This may slow down the shutter 
speeds, or block escapement and built-in 
delayed release action. Gears should generally 
have a trace of suitable lubricant, but over- 
lubrication may cause the oil to reach the 
shutter blades, eventually causing these to 
stick and seize up. 

Inaccuracies in focal plane shutters can fre- 
quently be traced to very dry springs or gears. 
In folding cameras, leaking bellows are high 
on the list of repairs. The trouble here is 
mostly caused by gritty particles like sand which 
have been allowed to remain in the camera and 
have worked their way through the bellows. 

Almost 80 per cent of all folding cameras 
checked for varying types of complaint have 
been found with the lens out of parallel to the 
film plane. This, of course, impairs the over-all 
definition. 

Rangefinders are liable to become inaccurate 
through shock, a fall or excessive variation in 
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temperature. Viewfinders which show a field 
different from that of the negative may have 
become bent or distorted, but it is not unusual, 
particularly in the lower price range, to find 
that they have never been accurate, even when 
new. 

Lack of definition can be corrected in many 
cases simply by resetting an inaccurate dis- 
tance scale, straightening a distorted camera 
body or film pressure plate which has lost its 
spring pressure, and squaring up the lens and 
film plane. In single lens reflex cameras, out of 
focus pictures may be the result of inaccurate 
positioning of a mirror or someone may have 
replaced the original mirror by one of different 
thickness or even with a piece of ordinary back- 
silvered looking glass instead of a surface 
silvered mirror. Similar complaints in twin 
lens reflex cameras may be also due to the 
viewing and taking lenses being out of coinci- 
dence. 

Scratched negatives, particularly in miniature 
photography, come fairly high on the list. The 
cause may be film cassettes with foreign matter, 
grit, dirt on the light trap through which the 
film emerges, or a film pressure plate which is 
not perfectly smooth. (It should be remembered 
that scratching of the film is caused chiefly when 
it is kept in a roll. Unrolling, even a few times, 
is bound to produce some scratching. The 
remedy is to cut the film immediately after 
processing into strips of best six frames, which 
should then be kept flat in a negative wallet.) 

Mysterious patches of light in the picture may 
be traced to internal reflections in the camera. 
Even a black surface struck by a ray of light 
will reflect, particularly if it is not a dead matt. 
Such reflections often reach the sensitized 
material. To overcome this difficulty, many 
cameras with large interior surfaces — e.g., 
twin lens reflexes — are now produced with 
anti-reflection baffles inside. 

Lenses. Repairs to lenses are rarely called for 
and are only needed if the lenses have been 
tampered with. The most frequent fault occurs 
with owners of front cell focusing lenses who 
remove the lens stop so that they can focus on a 
subject closer than the normal near limit. In 
the process the front cell is often fully un- 
screwed and on re-inserting it the definition is 
often found to be impaired. This is due to the 
fact that the large majority of lens threads are 
of the multi-start type. Without suitable optical 
and mechanical aids, it is possible to spend 
days trying to find the correct start for re- 
insertion. 

Another frequent trouble is scratched lens 
surfaces. Whilst a very few light surface 
scratches have no noticeable effect on the per- 
formance of the lens, a large number will 
produce light scatter and reduce the definition. 
As long as they are surface scratches — e.g., 
of the type caused by incorrect cleaning 
methods — the lens can be fully restored by 
repolishing. The problem, however, becomes 
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unsolvable when there are deeper scratches and 
digs in the lens, or if it is chipped. To remove 
these by polishing would upset the performance 
of the lens system and mar the definition. With 
such lenses the safest thing to do is to fill in 
the scratch with dead black paint so that it 
does not create stray reflections. If the coating 
of a bloomed lens is scratched, this coating 
can be removed and a new one applied without 
any ill-effects. W.D.E. 

REPEATING BACK. Special form of plate 
holder by means of which a plate can be used 
to take a number of smaller-sized negatives — 
e.g., for taking four quarter plate negatives on 
a whole plate, or two 2i x 3J ins. negatives on 
a quarter plate. The holder is constructed to 
take a special dark slide with a cut-out aperture 
that can be inserted so that it uncovers each 
section of the plate in tum. This slide is 
replaced by the normal slide when the holder 
is out of the camera. 

The term also describes the special holder 
used in one method of making three-colour 
separation negatives. In effect it holds three 
plates, side by side, each plate being brought 
into position in tum by sliding the holder along 
a grooved track on the camera back. This 
allows three quick exposures to be made with- 
out changing plateholders and withdrawing 
dark slide covers. The cover over the three 
plates is arranged so that it always covers the 
two not in use, leaving the third uncovered in 
the camera. 

Such repeating backs may have the tricolour 
filters fitted immediately in front of the plates, 
so that no manual changing of filters is neces- 
sary when taking a set of successive separation 
negatives. 

Sometimes there is a clockwork motor, 
geared to drive the holder across the camera 
back and also operate the shutter, so that the 
three exposures can be made in as little as a 
second. 

REPLENISHER. Chemical that can be added 
to some types of developer to make good the 
exhaustion of the active constituents that takes 
place in the course of development. The prac- 
tice is common in D. and P. work where the 
trouble of draining off developing tanks and 
making up large volumes of fresh developer is 
a job to be postponed as long as possible; it is 
scarcely justified in the case of the amateur who 
uses only small quantities at a time. 

See also: Developers. 

REPRODUCTION FEES. A reproduction fee 
is paid by an editor, advertiser or other com- 
mercial user for permission to reproduce a 
copyright photograph. The term also includes 
television “flashing” of a photograph, the 
right to exhibit, display or project, and use as 
a greetings card, calendar or picture postcard. 


Editorial Use. An editor who uses a picture for 
its news value or general interest to his readers 
pays according to a scale of charges for non- 
exclusive work, or fixes his own figure in the 
case of exclusive and valuable pictures. 

Non-exclusive pictures, offered to several 
journals at the same time, are paid for by space 
rates increasing in proportion to the repro- 
duced size of the picture. 

Exclusive pictures, usually of special interest 
to a certain market, fetch much more. A local 
paper is seldom, if ever, interested in buying 
exclusive rights; but national papers are 
always on the look-out for material of popular 
interest that is not available to competitors, 
and pay high fees for exclusive use. 

Rights Offered. A photograph of high news 
value or other outstanding merit should not be 
submitted without informing the editor or 
user exactly what rights are offered and on 
what terms. In particular, when offering a 
picture for reproduction as a calendar, view 
card or greeting card, the extent of the licence 
should be clearly stated. The precise use should 
be taken into account and, in the case of 
calendars, the year of use. 

Commissioned Work. There is no scale of 
charges for commissioned work. The copy- 
right is vested in the person — e.g., the editor — 
who assigns the work. He therefore pays a 
fee for the work done, not a reproduction fee. 
Fees may be based on the amount of time taken 
to complete the commission, but they also 
take into account the cost of materials and 
incidental expenses, or the incidental expenses 
may be billed separately by agreement. 

Commissioned work may also be billed 
according to the amount of space finally used. 
This is satisfactory if a set of pictures is used 
over several pages, but not if a quarter-page is 
allotted to a job that has cost the photographer 
much time and effort. All magazines, especially, 
have standard page rates. The leading British 
weeklies pay a black-and-white rate of about 
£25-£30 per page. 

Other Uses. Fees paid for calendar use depend 
on the quality of the calendar and its circula- 
tion. A calendar intended for sale by a big 
commercial distributor will obviously fetch 
more than one to be given away by an engineer- 
ing firm to its clients. Correct pricing of a 
picture for calendar use demands experience, 
and it is sometimes better to leave this to an 
agent who has specialized knowledge. Payment 
for calendar pictures is sometimes made in the 
form of a royalty based on the quantity sold. 

Payment for picture postcards and greeting 
cards is also sometimes made in the form of a 
royalty based on the quantity sold and the 
price of the card. 

If a photograph is exhibited to the public in 
any place, the copyright holder is entitled to 
a fee. In the same way, photographs or nega- 
tives to be used wholly or in part as material 
for lantern slides, film strips, or epidiascope 
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prints, or for advertising, cigarette cards, con- 
fectionery lines, jig-saw puzzles, etc., are also 
subject to reproduction fees. 

Minimum Fees. In the United Kingdom leading 
press groups have adopted certain minimum 
scales of reproduction fees. Some editors or 
commercial users pay more. Others follow 
scales of their own which may be lower. Pro- 
portionately higher fees may be asked in the 
case of pictures of exceptional merit, or when- 
ever the photographer knows that the buyer 
normally pays a higher rate. 

Colour photographs fetch considerably more 
than black-and-white pictures — but for the 
time being the market is a comparatively small 
one. 

The governing fact is that photographs 
bought for publication are subject to the ele- 
mentary economic laws of supply and demand. 
Because the supply greatly exceeds the demand 
the level of payment is, on the whole, at the 
discretion of the consumer — except in cases in 
which the material offered or its author is 
particularly sought after. If photographs are 
submitted without the photographer explicitly 
demanding a specific fee, publishers will assume 
that their own standard rate of payment will be 
acceptable. On the other hand it is by no means 
common to stipulate a fee and doubtful whether 
it is politic. 

Reproduction fees are paid after publication 
and as a rule on the last day of the month in 
which it has taken place. Fees for pictures 
illustrating an article are assessed with the 
article and paid as one sum. 

The not very reasonable attitude of some 
publishers to refuse reproduction fees to 
amateurs is becoming rare. There has never 
been justification for this in any but strictly non- 
commercial media of publication. R.S. 

Sc « also : Copyright and the photographer; Selling photo- 
graphs. 

Book: How to Take Photographs that Editors will Buy, 
by R. Spillman (London). 

REPRODUCTION QUALITY. For satis- 
factory photomechanical reproduction, a print 
should be pure black-and-white (neither toned 
nor tinted), of full tone, and on glossy paper, 
preferably glazed. 

A negative can reproduce correctly tone for 
tone a fairly long range of subject brightnesses. 
A bromide print, however, can deal faithfully 
only with a tone range which is often much 
shorter than that of the negative. In particular 
the tones at the light and dark ends of the 
scale tend to become compressed. Thus if the 
print is very contrasty, its scale is much too 
short to accommodate many of the negative 
tones satisfactorily, and either highlight or 
shadow tones (often both) get lost. 

In a good bromide print for reproduction 
the whitest tone must not be pure white, nor 
must the darkest tone disappear into com- 
plete darkness. All the tones must be visible 
and distinct from each other. 


Criteria of Quality. When a photograph is to 
be reproduced in print, a copy negative must 
first be made. This is used to produce the 
printing plate. The best test of a photograph 
for reproduction is therefore whether it will 
make a perfect copy negative and print. Thus 
a bright and too contrasty print will, during 
reproduction, lose its highlight and shadow 
gradations, while a softer print will give much 
better results. In fact, prints for reproduction 
should be soft rather than contrasty. 

On the other hand, the tone range of a 
photographic print is extended (quite apart 
from the contrast grade of the printing paper) 
if the darkest possible tone the paper can give 
is as black as possible, and the paper base as 
white as possible. This is also important for 
good reproduction. Therefore a sepia toned 
print (where the darkest tone is considerably 
lighter than black) is quite unsuitable. Similarly 
matt or rough surfaces, when they are as black 
as possible, appear only as dark grey when 
compared with a good black tone on a glossy 
and glazed surface. Shadow gradations which 
are indistinguishable on a matt surface, can 
be clearly seen on a glossy one. 

For the same reason a tinted paper base will 
be much darker than a pure white one, again 
reducing the over-all tone range. 

If a toned effect is wanted, the photo- 
engraver still prefers to work from a black-and- 
white print, though an example of the toned 
effect can be supplied separately so that the 
engraver can modify his methods if necessary, 
and to help the printer to choose the right 
coloured printing ink. 

Processes. There are three principal methods 
of reproducing photographs in the printing 
press, each having its special field of applica- 
tion depending on such factors as the quality 
of the paper to be printed on, the number of 
copies to be printed and the standard of 
reproduction demanded. In each, the method 
of transferring the ink to the paper is basically 
different. Although broadly speaking the type 
of photographic print described above is 
equally suitable for all three processes, there 
are points of difference which may profitably 
be considered when turning out a print 
specially for reproduction by one particular 
method. 

Typographic Method. The first is the typo- 
graphic method, where the printing surface 
consists of raised dots of varying size. These 
dots carry the ink. They are all equally dark, 
dark tones and light tones in the finished 
reproduction being created by what is really an 
optical illusion. Where the dots are large (and 
the clear spaces between them correspondingly 
small) the area seen as a whole looks darker 
than where the dots are small with larger 
empty spaces between them. 

The typographic or letterpress method can 
cope with almost any type of subject. It is 
ideal for crisp subjects; letterpress blocks give 
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good and clean definition. But lig t subjects 
and unsharp and diffused prints are difficult to 
record by this method. 

Lithography. The second printing method is 
lithography. Here again dots are used, but they 
are on a flat surface, and not raised as in the 
case of a letterpress printing plate. With this 
method much softer and more delicate prints 
are reproduced well, particularly light subjects. 
Dark subjects are, however, not so well 
rendered, as the maximum black obtainable is 
not very deep. 

Photogravure. The third printing method is 
photogravure. Here the tones of the picture are 
actually formed by the amount of ink deposited 
on the paper and not by the size of dots into 
which the picture is broken up. It will produce 
particularly doep shadow tones, and is there- 
fore ideal for strong and heavy types of sub- 
ject. It is less efficient for light and delicate 
subjects, as there may be some loss of tone in 
the highlights. F.H.S. 

Seo also : Scaling for reproduction . 

Book: Photographs and the Printer, by F. H. Smith 
(London). 

REPTILES. Reptiles are best photographed in 
captivity. Trying to locate them in their natural 
surroundings is a hazardous business and 
practical experience has proved that unless 
pictures of a rare specimen are required — and 
that makes the job even more difficult — it is 
much simpler and quicker to obtain what will 
pass for natural photographs by working in a 
zoo. 

The London Zoo offers very suitable condi- 
tions and the collection there covers a great 
number of species all of which may be photo- 
graphed in complete safety. Many of the sub- 
jects are small, and fascinating pictures may be 
obtained by close-ups. 

Temperature. A frequent source of spoiled 
pictures is the difference in temperature be- 
tween the exterior of a reptile house and the 
interior. The best of the collection are nearly 
always from tropical climates, and conse- 
quently the temperature inside is kept high. 
This may result in a steamed up lens, not only 
on the external surface, but on the internal one 
as well. All condensation must be clear before 
making the exposure. Fiftaen minutes is usually 
sufficient for the moisture to evaporate as the 
lens warms up to the temperature of the house. 
Lighting. The normal illumination in such 
places may be adequate for photography, and 
the fact that the majority of the specimens on 
most occasions are slow movers provides a 
great chance to capture shots of many veno- 
mous creatures. On the whole, better results 
will be obtained with the aid of flash. (Per- 
mission to use flash should always be sought, as 
some species may react violently.) The glass 
panel, which provides safety, sometimes pro- 
duces reflections; the use of a polarizing filter 
will eliminate any trouble here, although the 


difficulty can be easily overcome by placing the 
camera lens very close to the glass of the cage. 
Equipment. The following is an ideal set of 
equipment for reptile photography; a camera 
capable of quick action both in film winding, 
focusing and shutter operation — an automatic 
twin lens reflex covers these requirements 
ideally — a supplementary lens for close-ups, 
plus a battery-operated electronic flash of at 
least 200 joules capacity, preferably split into 
two flash heads of 100 joules each. The use of 
two flash heads eliminates the harshness and 
dense shadows produced by the use of one 
lamp only, but nevertheless, very good results 
can be obtained with one lamp. 

The Subject. In photographing reptiles, the 
variety of size is so great that hard and fast 
rules are out of the question; the subject may 
be a crocodile, a frog, a snake (such as the 
Royal Python of some 30 feet in length) or a 
Pigmy Iguana of a mere few inches. In tackling 
venomous species — e.g., our native vipers and 
adders — in the field, where there is no protect- 
ing glass, the most important piece of equip- 
ment is a pair of stout leg boots. Poisonous 
snakes are not really dangerous unless pro- 
voked by an adversary, but prevention in this 
case is very much easier than cure. 

Field Photographs. Photographing reptiles in 
their natural surroundings calls first for an 
intimate knowledge of the subject and then for 
plenty of patience. Without knowing all about 
the habits and haunts of the reptile the photo- 
grapher will not know where to look, and hav- 
ing found a suitable subject he will probably 
scare it away at once unless he knows how to 
stalk it. Most reptiles are susceptible to the 
faintest vibration and a careless footstep can 
edd any hope of getting a picture for an hour 
or two. 

Whether the reptile is poisonous or not, it 
must be stalked carefully, from the down-wind 
side, with the camera at the ready. The expo- 
sure should be made from the greatest distance 
that will give an image of reasonable size. Where 
possible a long focus or telephoto lens should 
be used to reduce the risk of disturbing the 
subject. 

One of the greatest difficulties in photo- 
graphing reptiles in their natural surroundings 
is that the colouring of the subject is often the 
same as that of the background. Even when the 
skin carries a bold pattern it becomes lost in 
the contrasty shadows cast by the bright sun- 
shine sought by most creatures of the species. 

One way of making the subject stand out is 
to photograph it against the light or in the 
strong low-angle illumination of early or late 
sunshine in clear weather. Another way is to 
transfer the creature to a less confusing back- 
ground — e.g., a patch of sand. This is only 
possible with a limited number of sluggish 
snakes — it is out of the question with lizards. 

There is no point in going to the trouble of 
taking pictures of reptiles in the field if the 
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same pictures could be taken more easily in 
the Reptile House at the Zoo. In other words 
the subject should, if possible, be photographed 
doing something characteristic which it would 
not be able or likely to do in captivity. Beha- 
viour, courtship, and even combat with others 
of its species are all interesting. 

Photographs of the reptile hunting, attack- 
ing, and devouring its prey may be difficult to 
organize, but for that very reason are rare and 
worth seeking. Pictures of this type are some- 
times obtainable by the use of a tethered bait 
in an open place that the reptile is known to 
haunt. All field photographs of reptiles should 
be accompanied by particulars of the date, time 
of day, temperature and place where taken. 
This information greatly adds to the value of 
the photographs as records, and notes of this 
kind should always be made even if the subject 
is being pursued primarily for its pictorial 
qualities. I.A. 

See also: Animats; Zoo. 

RESEARCH IN PHOTOGRAPHY. During 
the nineteenth century photography deve- 
loped from a crude, slow and impermanent 
method of making chemical silhouettes, using 
lace, fern leaves ana so on, as stencils, to the 
point where permanent, minutely-detailed 
records of nature could be obtained by snap- 
shot exposures in cameras, and reproduced as 
prints on paper. These developments, largely 
the efforts of individual amateur workers, were 
achieved empirically, and the basic question, 
“How is photography possible at all ?”, re- 
mained unanswered. 

When it was discovered that, by using 
gelatin as a medium, the photographic material 
could be stored — and hence sold — the industry, 
as distinct from the art, of photography became 
possible, and research into every aspect of the 
photographic process became essential for its 
further progress. 

At first such researches were one-man efforts 
by scientists working with limited facilities. 
The typical photographic manufacturer at that 
time was a small concern producing a limited 
number of products usually devised by its 
founder. During thefirst quarterof the twentieth 
century the more research-minded of these firms 
grew and in some cases amalgamated to form 
the big manufacturing organizations of today. 

Accordingly, although photography still 
offers scope — if only in the devising of new 
applications — to the individual scientist and the 
amateur research worker, most of the research 
directed to the production of new or improved 
photograhic materials and equipment is today 
necessarily carried out either in the research 
laboratories of the big photographic and optical 
manufacturers, Or by scientists subsidized by 
these firms while working in university labora- 
tories. In addition, research on specialized 
aspects of photography is carried out in Govern- 


ment Departments and such institutions as the 
Institut d’Optique (Paris), National Bureau of 
Standards (Washington), the National Physical 
Laboratory (London), the Physikalisch-Tech- 
nische Bundesanstalt (Berlin), the Eidgenos- 
siche Technische Hoch-Schule (Zurich), and the 
Graphische Versuchs-und Lehranstalt (Vienna). 

The work in a typical photographic research 
laboratory is of three general types: on photo- 
graphic theory, on materials and processes, and 
on various projects not directly concerned with 
photography. 

Theory. This covers the physical chemistry of 
gelatin, the physics and chemistry of the silver 
halides, the nature of the change which takes 
place when silver halide is exposed to light, the 
nature of the development process, the theory 
of tone reproduction and the effects of the 
structure of the image and the characteristics 
of lenses on the resolving power and sharpness 
of the photographic image. 

The use of photographic emulsions to record 
the sounds and colours as well as the shapes of 
nature was a consequence of the development 
of the theory underlying these techniques. 

Under the heading “psycho-physics” photo- 
graphy and more particularly, colour and 
stereo photography, have stimulated many 
interesting researches on the effective presenta- 
tion of pictures and on the mental and physical 
aspects of vision itself. 

Materials and Processes. Many hundreds of 
different forms of photographic emulsion are 
now available. Whereas the earliest types were 
capable of recording ultra-violet and blue light 
only, emulsions are now made for recording the 
whole or any part of the visible spectrum, infra- 
red and X-radiation. They range in appearance 
from thin water-clear layers capable of legibly 
recording the contents of the Bible in an area 
less than a square inch, to thick opaque layers 
used to record atomic disintegrations. There is 
not an industry nor a science for which some 
special form of photographic material has not 
been specially devised. 

Despite the advances made in theoretical 
studies, the technique of emulsion making is 
still in part an art in which practice is in ad- 
vance of the chemical and physical conditions 
which control the results. The same may be 
said of the manufacture of gelatin, the medium 
in which the light-sensitive halides are sus- 
pended. The manufacturer of photographic 
emulsions has to be far more careful in the 
choice of gelatins than does the manufacturer 
of table jellies ! It is easier to make advances in 
the applications of photography than in emul- 
sion manufacture itself. Long before there were 
emulsions fit for the task, for example, the many 
ways in which colour photography could be 
achieved, had been fully realized. Much patient 
work on sensitizing dyes, on emulsion coating 
and processing techniques was essential before 
commercially acceptable processes became 
available. 
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Research, however, does not stop when a 
new form of photographic material has been 
devised. In addition to the design of conven- 
tional cameras and their accessories, such appli- 
cations as document copying, photofinishing, 
aerial survey or photomechanical reproduction 
must also have the equipment devised to use the 
material, and the research laboratory plays its 
part in the field studies and statistical investiga- 
tions necessary to get this into suitable com- 
mercial form. 

General Research. The physicists, chemists, 
engineers and mathematicians in a typical 
photographic research laboratory necessarily 
uncover in the course of their work fascinating 
by-paths which are of no apparent importance 
to photography as such. The large laboratories 
typical of the photographic industry are always 
generous with such information they bring to 
light in this way as their communications to 
scientific publications frequently bear witness. 
Occasionally when scientists have explored 
these by-paths the results have been commerci- 
ally rewarding. Some methods of manufactur- 
ing artificial silk, soluble surgical dressings, 
coagulating rubber latex, and, in recent years, 
the vacuum distillation techniques which now- 
adays permit canned orange juice to taste as 
though freshly pressed — all these and many 
more benefits derive from the exploration of 
by-paths opened up during photographic 
research. 

Publication of Results. Much of the successf ul 
research carried out by photographic manu- 
facturers is naturally published in the form of 
patent specifications. Papers on the theory of 
the photographic process and most of its 
applications are published as communications 
to the appropriate scientific journals. The 
Journal of Photographic Science (Great Britain), 
Photographic Science and Technique (U.S.A.). 
Photographic Engineering (U.S.A.), Zeitschrift 
filr wissenschaftliche Photographie (Germany) 
Journal of the Society of Scientific Photography 
of Japan, Photographische Korrespondenz 
(Austria), Sciences et Industries Photographiques 
(France), are typical of the dozen or so journals 
published throughout the world devoted 
exclusively to photographic subjects. In addi- 
tion, a number of abstracting journals are 
published, of which Photographic Abstracts 
(R.P.S.) and Monthly Abstract Bulletin (East- 
man Kodak) are noteworthy for their compre- 
hensive coverage. There is also a photographic 
section in Chemical Abstracts. 

In the period 1889-1953 fifteen International 
Congresses and Conferences on the science of 
photography have been held in different 
countries, and the proceedings of these con- 
gresses provide convenient periodical cross- 
sections of progress, more particularly in the 
theory of photography. 

In 1950 the first volume of Progress in 
Photography was published as an international 
attempt at reviewing progress both in theory 


and in its many applications in all countries of 
the world during 1940 to 1950. This work is 
being continued by follow-up volumes. D.A.S. 

Sec also: Science and photography. 

Book: Progress in Photography (2 vols.), ed. by D. A. 
Spencer (London). 

RESIDUES. Residual processing solutions — 
e.g., fixing baths — which have removed 
soluble silver salts from negatives or prints 
and been treated to recover the silver. 

See also: Regeneration of fixing baths ; Silver reclamation. 

RESOLVING POWER. Ability of an optical 
or a photographic system to reproduce fine 
detail. In photography, the image resolution on 
the final picture depends on the resolving 
power of the sensitive emulsion, and on that of 
the lens. The two are not related but the effec- 
tive resolution is a function of both. 

The resolving power in either case is generally 
specified in terms of the greatest number of 
lines per millimetre which can be distinctly 
recorded on the emulsion or separated visually 
in the image. 

The over-all resolving power of the system is 
always less than the resolving power of either 
of its components (i.e„ lens and emulsion). For 
reasonably accurate photographic measure- 
ments of lens resolution the sensitive material 
must therefore have a much greater resolving 
power than the lens; this will reduce the error 
due to interaction between the image blur of 
lens and emulsion. Similarly, resolution tests of 
sensitive materials must be carried out with as 
perfect a lens as possible and under conditions 
where it will yield the highest resolution. 

Resolving power is by itself only an imper- 
fect measure of sharpness, since other factors 
also enter into it. A more comprehensive 
physical measure is acutance. 

Emulsions. With films and plates the resolving 
power depends on the graininess and the con- 
trast of the emulsion, as well as on secondary 
factors such as thickness, colour of the expos- 
ing light, etc. Coarse grained materials natur- 
ally tend to resolve less detail than fine-grained 
ones, but not every fine grain film necessarily 
has a high resolving power. Double-coated 
films, as used for amateur snapshooting to 
ensure great exposure latitude, show very low 
resolving power owing to the spreading of the 
image through irradiation and other effects. 

Measurement of emulsion resolution must 
be made under carefully controlled conditions 
of exposure and development (both of which 
affect the resolving power) and with a standard 
test object. This used to be a black-and-white 
high-contrast line chart. The resolution figure 
obtained was not, however, always indicative 
of how the material would behave with medium 
and low contrast subjects. It is therefore b scorn- 
ing usual to make resolution tests also with 
charts of reduced contrast. 
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Lenses. With a lens, the resolving power is a 
measure of the ability of a lens to form distinct 
images of fine, close lines. It is stated as the 
maximum number of lines separated by spaces 
of line width that the lens can reproduce as 
separate images. A lens is said to be able to 
resolve so many lines to the inch or millimetre. 

The resolving power of a lens is a maximum 
on the axis and decreases for off-axis image- 
points because of the off-axis aberrations. So 
resolving power must be stated as being 
measured on the axis or at some specified 
point off-axis. 

Imperfect correction of the coma and astig- 
matism of a lens produces an image patch of a 
point-object that is longer in one direction than 
in another, so the value of the resolving power 
varies according to the direction of the lines 
forming the image. For this reason the resolv- 
ing power is usually specified for lines running 
radially from the axis, and at right-angles to it, 
giving radial and transverse resolving powers 
for any point in the field. 

The decrease of resolution for off-axis 
image-points and the effect of the emulsion 
on resolution are shown very well by the 
following example, which is a test on a 100 mm. 
/4-5 anastigmat lens at /6-3 when used with 
commercial medium- and coarse-grain pan- 
chromatic films. The table gives the resolving 
power in lines per millim etre for axial and 
25° off-axis image-points. 


RESOLVING 

POWER TEST 



Medium-Grain 

Coarse-Grain 

Resolution on axis 

42 lines/mm. 

20 lines/mm. 

Resolution at 25° off-axis 

20 lines/mm. 

15 lines/mm. 


These results show that the resolution is 
better on the axis than away from it, and that 
medium-grain film gives better resolution than 
coarse. D.P.C. 

See also: Acutanee; Lens testing; Negative materials. 

RESTRAINER. Chemical added to inhibit the 
fog formation in certain developers where the 
developer acts both on the exposed and un- 
exposed silver salts in the emulsion. At the 
same time the restrainer reduces both the 
development speed (increases the development 
time) and also the emulsion speed of the sensi- 
tive material. Generally, highly active and 
strongly alkaline developers need a restraine.- 
most, while low energy fine grain developers 
often do not include a restrainer at all. The 
amount of restrainer added also depends on the 
sensitive material. Films and plates can stand 
more heavily restrained developers than papers. 

Potassium bromide is the most frequently 
used restrainer. Its restraining action depends 
both on its concentration and on the other 
ingredients present, especially the developing 
agent. Generally, contrasty developers are 


most affected by potassium bromide. Paper 
developers with high potassium bromide 
content give warm black or often unpleasant 
greenish tones. 

Sodium bromide can also be used in much 
the same way. Seven parts of potassium bro- 
mide are equivalent to about six parts of 
anhydrous sodium bromide or eight parts of 
the hydrated salt. 

Ammonium bromide must not be used as 
restrainer unless specially called for in the 
formula. An alkaline developer containing 
ammonium bromide would liberate ammonia 
and thus be rather uncertain in its activity. 

Very rarely, small quantities of sodium 
chloride or potassium iodide are used as 
restrainers. 

Anti-fogging agents are also restrainers, and 
are often more efficient in keeping down fog 
due to deterioration of the emulsion, oxidation 
of the developer, and other chemical effects. 
They do not, however, restrain the activity of 
the developer to the same extent as potassium 
bromide. L.A.M. 

RETICULATION. Distortion of the emulsion 
layer of the negative caused generally by the 
use of a warm developer followed by a cold 
fixing bath. The emulsion wrinkles into a 
regular pattern for which there is no cure. 
The same thing will occur if the temperature 
of the fixing bath is too high, and it happens 
as readily with films as with plates. 

Reticulation can be avoided by always 
developing at a lower temperature than 75° F. 
(24° C.) and keeping all solutions within 3° F. 
(2° C.) of the same temperature. 

Reticulation is sometimes produced deliber- 
ately for the special texture it gives to the 
picture. This breaks up large areas of even tone, 
and can thus improve the pictorial effect of 
broad open views. In that it resembles the 
effect of a texture screen but once the negative 
is reticulated it cannot be made normal again. 

There are two methods of intentional reti- 
culation: the negative is developed at a tem- 
perature of 105-115° F. (40-45° C.). This auto- 
matically produces reticulation. Negatives that 
have already been developed and fixed (in an 
acid hardening fixer) may be bathed in a 10 
per cent solution of sodium carbonate at 
120-125° F. (49-50° C.). As soon as the gelatin 
feels wrinkled when touched gently, it is washed 
in cold water. 

Slight accidental reticulation can sometimes 
be cured if the negative is bathed in alcohol 
(diluted with 1 part in 5 of water in the case ol 
films) and then treated with an alum hardener. 

Reticulation of the gelatin anti-curl backing 
occurs sometimes on films; in fact the anti-curl 
backing is more prone to reticulation than the 
actual emulsion in some cases. Fortunately 
this fault does not usually show in the final 
print. F.P. 

Sec also: Faults; Hot weather; Tropical photography. 
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RETOUCHING 


Any work carried out on a negative or print 
by hand with a brush, pencil, knife, etc., is 
known as retouching. The purpose of retouch- 
ing is: to remove or disguise blemishes in the 
negative or print; to do the same thing for the 
sitter — e.g., to remove wrinkles; to add some- 
thing to the photograph — e.g., clouds — to make 
it a better picture; or to work up the tones of a 
photograph for photomechanical reproduction. 

NEGATIVES 

Plates, roll and flat films present no great 
difficulties in retouching, although it is always 
better to retouch the print if convenient, since 
a spoilt negative cannot be replaced like a 
print. 35 mm. and other miniature negatives 
are best left alone altogether, retouching being 
carried out either on the print, or by making an 
enlarged negative and carrying out the work on 
that. 

The plate to be retouched is mounted in a 
frame on a retouching desk and illuminated 
from behind. Films to be retouched are held 
down by the edges on a clear glass plate in the 
same type of desk. 

Those who canmanageto use a watchmaker’s 
glass will find it a great advantage in carrying 
out very fine detail. A 4 ins. glass is about right 
for most people. 

Dark Marks. Small negative areas — e.g., 
halation rings — can be reduced physically by 
removing part of the gelatin layer, and with it 
part of the silver image. 

This form of local reduction is carried out 
by rubbing the negative surface with a fine 
metal polish paste, or a mixture of finely 
powdered pumice, vaseline, and a little paraffin 
wax, or with Baskett’s reducer. 

Physical reducers are applied on a pad of 
cotton wool over fairly large areas, or on a 
suitable stump for small areas that require more 
local control. 

From time to time the paste is washed off 
with alcohol or carbon tetrachloride, to check 
the progress of the reduction. 

With experience, small dark areas can also be 
reduced by chemical means. The negative is 
first soaked in water charged with a little 
wetting agent. Then, using a pad of cotton wool, 
a weak solution of Farmer’s reducer is applied 
to the area. A supply of fresh water and cotton 
wool, or better still a dish of clean water, 
should be kept handy in case any reducer goes 
in the wrong place: provided that the reducer 
is not too strong, should this happen a quick 
rinse in water will prevent any reduction 
occurring. No attempt should be made at 
reducing the dark area on the first application 
of reducer: the reducer should be weak enough 
to require repeated applications before showing 
any effect; in this way, patchy, uneven reduc- 
tion is avoided. When the density has been 


reduced sufficiently, the negative must be well 
washed before drying. 

Small spots or flaws are more easily removed 
by chemical reduction. The technique should 
be the same as for larger areas, except that a 
brush instead of cotton wool is used to apply 
the reducer. 

Another way of removing small blemishes is 
by physical reduction with a retouching knife; 
this is a specially shaped knife, usually with 
interchangeable blades. The type of blade used 
depends on whether negatives or prints are to 
be retouched, but, although this is not critical, 
once a blade is used for one type of work, it 
should not be used for any other. 

The blemishes are thinned by carefully 
scraping the gelatin layer with the point of the 
knife, which must be kept very sharp. The 
technique is simple, but the beginner should 
practise on an old negative. The point of the 
knife barely touches the surface of the negative 
and each stroke scrapes away only a minute 
shred of gelatin. Small areas are lightened by 
scraping first in one direction, and then at an 
angle until the density of the spot treated is 
gradually reduced to that of the surrounding 
image. 

It is important to have the knife razor-sharp, 
as an unsharp edge calls for relatively heavy 
pressure which digs it into the gelatin and 
removes too much at once. When knifing is 
lightly and skilfully carried out the results are 
practically invisible. 

It is even possible for actual areas of tone 
to be scraped away with a retouching knife. In 
this way dense areas can be lightened and even 
have modelling introduced. But the technique 
is extremely difficult and should only be 
attempted after extensive experience on waste 
or unimportant negatives. 

Spotting. Small transparent spots and pin- 
holes in the negative are best removed by 
spotting with dye or watercolour. 

A fine sable brush with a perfect point is 
filled with diluted grey retouching dye or water 




CHEMICAL REDUCTION. Useful for removing dark spots. 

1. Soak negative (or print) in water with wetting agent added. 

2. Touch out the spot with brush charged with Farmer's reducer. 
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ABRASIVE REDUCTION. Clears larger , less well-defined , areas. 
I. Rub stump with reducing paste applied to it over surface 
until area to be treated is sufficiently reduced. 2. Remove 
all powder by wiping with cotton wool. 

colour pigment, turned to a point on a piece of 
paper, and applied to the spot. The brush is 
used fairly dry; a wet “loaded” brush applies 
the colour in heavy, uncontrollable blobs. 

There are distinct differences between pig- 
ments and dyes used for spotting: 

(1) The dye is a solution which stains the 
gelatin, while the water colour is a suspension 
of solid pigment. 

(2) The dye sinks into the gelatin, while the 
pigment settles and dries in a layer on top. 

(3) The dye is applied by repeatedly touch- 
ing the spot with dilute solution until the 
correct density has been built up. The pigment 
is applied by touching the spot once only. The 
strength of the pigment must therefore match 
the tone of the surrounding area, as repeated 
application would smudge the pigment already 
there. 

(4) If too much pigment is applied, it is 
easily wiped off with a piece of moist cotton 
wool but dye can only be removed by soaking 
the negative in water for some time. 

(5) Dye retouching is grainless, while the 
pigment application is grainy and may become 
visible on enlarging. 

(6) With dye, large spots are filled in by 
applying repeated washes of dilute solution. 
With pigment, larger areas can only be covered 
by applying many small spots side by side — 
stippling the solid pigment on to the negative 
with the point of the brush. 

(7) Dye is absorbed by the gelatin emulsion, 
so it can only be used where the gelatin layer 
is intact. But pigment, particularly if it is 
mixed with a little gum, will stick directly to 
the film or glass support, and so can be used to 
fill in actual holes or scratches in the emulsion. 
Blocking Out, It is often necessary to remove the 
background of the negative completely — 
particularly in photographs used for catalogue 
illustrations, advertising, and composite pic- 
tures. This is done by blocking out the image 
of the subject. 

To start with, a band about J in. wide is 
painted around the outline of the subject with 
black retouching dye or opaque medium sold 
specially or this purpose. When using dye, a 


number of fairly weak washes are applied until 
the band is opaque; this technique gives a soft 
edge that is much less obvious than that of a 
layer of pigment put on in a single application. 

The area outside the band may then be 
filled in with opaque pigment painted on the 
back of the negative, or covered with black 
paper. 

It is often useful to be able to hold back 
particular areas of the print— e.g., an obtrusive 
background — without blocking them out com- 
pletely. This can be done by covering the 
corresponding area on the negative with a 
wash of dilute black or red (neo-coccine) dye. 
The parts treated will then print paler than the 
rest and become less assertive. This treatment 
is a remedy for areas of under-exposed shadow 
that create excessively dark areas on the print. 
When applying the dye, it is better to use it in 
very weak washes and build up the depth 
gradually. 

Portraits. On portrait negatives it is some- 
times desirable to remove minor facial blemishes 
and flaws, or to soften outlines and wrinkles. 

Dark marks on the print appear as light 
areas on the negative and can thus be “touched 
out” by covering them with pencil. (Light 
marks on the print which appear as dark marks 
on the negative are cither knifed out on the 
negative or spotted out on the print.) 

As pencil will not take on gelatin, the surface 
is first rubbed over with a matt varnish. This 
can be bought or can be made up — e.g., from 
the following formula: 

Gum dammar 2 parts 

Canada balsam I part 

Turpentine BO parts 

Method. A little of this applied to the negative 
with a piece of flannel, well rubbed in and 
allowed to dry, will provide a “tooth” for the 
pencil. 

Retouching pencils are made in several 
degrees of hardness. A hard lead is best for 
small amounts of darkening and a softer one 
for adding more density. 

During retouching the pencil point is rubbed 
with a circular motion over the spots requiring 
treatment. Some workers use short straight 



KNIFING. Lightens small areas or fine details. I. Scrape area 
in close parallel strokes. 2. Overlay with second set of strokes 
at an angle to first to hide texture of work. 
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SPOTTING. Darkens small spots or areas on negatives and 
prints. I. Stipple larger areas with water colour made up to 
suitable strength . 2. Fill In small spots in dense areas with 
single application of strong water colour or indion ink. 

strokes, but this style tends to show up more 
on enlarging. 

The density that can be added by pencil 
retouching is limited. After a few applications 
over the same place, the pencil point tends to 
polish the surface so that it will not take any 
more pencil work. Soft pencils give more 
blackening than hard ones, but even they refuse 
to build up density beyond a certain point. 

The pressure of the pencil point must be 
light, or it will polish the surface smooth much 
sooner. Excessive pressure may push the matt 
vamish layer aside completely, especially if it 
has not been given enough time to dry. 

The retouching can be removed — together 
with the vamish layer — by rubbing over the 
print surface with a plug of cotton wool soaked 
in petrol or turpentine. 

Pencil retouching requires a good knowledge 
of facial anatomy if the effect is to look natural 
and blend with the original negative image. 
Retouching aimed at giving roundness to the 
face is only permissible where the face muscles 
could themselves have given roundness; it 
must produce face shadows only where these 
could arise naturally from the skin and bone 
structure. 

Retouching Machines. For commercial pur- 
poses, where large numbers of negatives have 
to be retouched, machines for speeding up the 
operation have been produced. Not only are 
these fast in use, but they also make it easy for 
unskilled retouchers to achieve perfect results 
with a minimum of practice. 

The negative is loaded into a carrier which 
is illuminated from underneath. When the 
machine is switched on, this carrier oscillates 
at a very high frequency. Because the actual 
movement is so slight and fast, the negative 
appears to be stationary. However, when 
touched with a pencil, a smooth mark is made 
which, because of the oscillations, is even and 
without any sharp edges. In other words, 
instead of the retoucher moving the pencil, 
the machine moves the negative. By slowly 
drawing the pencil across the negative, it is 
claimed that whole areas of tone can be built 
up in this way. 


PRINTS 

Prints to be retouched are laid face up on a 
flat table or desk in good light. 

Most of the spots that have to be touched out 
on prints could be prevented by greater care at 
some earlier stage of making the print or nega- 
tive. It always takes more trouble to touch a 
spot out than to prevent it. 

Spots on the print are either lighter or darker 
than the surrounding surface. If they are 
lighter they can be made less noticeable by 
darkening them on the print. If darker, they 
can be touched out on the negative or reduced 
on the print. 

Light Spots. There are three ways of darkening 
out a light spot on the print and they may be 
used in combination: by filling in the light 
spots with opaque pigment; by colouring the 
spots over with suitable dye; by spotting with a 
soft pencil. 

Pigment Retouching. Spotting prints with 
pigment is a simple operation.' The necessary 
skill can be easily acquired with a little pre- 
liminary practice on a waste print. 

The expert retoucher uses good quality 
sable brushes with long tapering points (if 
the point is bent over by pressing it against a 
hard surface it should spring out straight as 
soon as the pressure is released). A Number 0 
brush is suitable for normal spotting; Size 2 
is used for filling in larger areas. 

Good quality artists’ water colours are the 
most suitable pigments. Cheap colours often 
change after exposure to air and light. Payne’s 
grey and indian ink give the right tints for 
matching the grey and black tones of bromide 
prints. Warm tone (chlorobromide) prints may 
call for a slight addition of burnt umber. Burnt 
umber is also suitable for sepia toned prints, 
and if the print is a cold sepia the tone can be 
matched by adding a little indian ink. 

These pigments are suitable for retouching 
matt or rough surface prints. When a glossy 
print is spotted with ordinary water colour, the 
dull brush work stands out on the shiny sur- 
face. To counteract this, a very small quantity 
of liquid gum is added to the water used for 



DYE SPOTTING. Accurately matches small or larger spots. 
I. Apply dilute dye to area. 2. Repeat application until sur- 
rounding density Is matched. 
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BLOCKING OUT. Produces completely white backgrounds. 
I . Paint band round subject outline on negative with black 
retouching dye. 2. Fill in rest of area with opaque pigment. 


mixing the colour, or as a quick dodge, mix a 
little colour on the back of gummed paper. An 
alternative method is to cover the pigment with 
a spot of negative retouching medium. 

A small quantity of Payne’s grey is squeezed 
out upon a palette or sheet of clean glass and a 
small quantity of indian ink is added. A drop 
or two of water is mixed into the colours with 
a brush. The colour and depth are checked on a 
piece of white paper, or on the margin of the 
print. 

It is usually more convenient to start by 
matching the colour to the deepest shadow so 
that the pigment can later be diluted with 
extra water for working on the lighter areas. 

If the brush has been used to mix the pig- 
ment, it must be well washed, and most of the 
mixture removed with blotting paper. It is then 
rolled into the pigment so that it attains a long 
tapering point and the surplus pigment is 
wiped off the point on a sheet of clean paper. 
The brush is then applied lightly and the spot 
should disappear almost at a touch. 

If the defect is too large for it to be treated 
with a single touch several successive applica- 
tions are given, each being allowed to dry before 
the next is applied. The brush is used almost 
dry and the colour is applied sparingly. No 
attempt is made to “paint out” large defects; 
they are covered with a light stipple or a 
number of small dots of colour. 

After the darkest tones have been spotted 
the pigment is diluted slightly and used to touch 
out the blemishes on areas that are not quite 
as dark, and so on up to the highest lights where 
the faintest trace of very dilute pigment on the 
brush is sufficient. 

When a batch of prints is being dealt with, 
the darkest tones on all the prints are spotted 
before going on to the lighter tones. 

Light lines on the print are gradually 
covered by a number of delicate touches or 
“dots” with the brush. 

Those who do not wish to use water colour 
can purchase print spotting preparations manu- 
factured for the purpose. 

This form of retouching, since it is carried 
out with solid colour, is always visible as a 


raised mark on the print. For this reason it is 
unsuitable for glossy surfaces but generally 
satisfactory on matt or rough papers. (There 
is, however, nothing against using pigments 
for retouching glossy prints intended for re- 
production.) 

Dye Retouching. During recent years another 
way of finishing prints and modifying tone 
values has come into popular use: dye re- 
touching. 

Dyes are superior to pigments for retouching 
because they penetrate the emulsion and are 
quite invisible even upon a glossy surface paper. 

Dye retouching can be used to take out white 
spots, lines, scratches and similar defects. It 
can also be used to alter the tones of a print; 
if a shadow lacks depth it can be given a thin 
wash of dye to deepen its tone, or highlights 
like patches of sky seen through trees, win- 
dows in interior subjects, or a prominent high- 
light in a portrait can be washed over to make 
them less assertive. 

The aim is to match the colour as well as the 
depth of the image. As supplied, the black dyes 
match the colour of the normal bromide print. 
For warm-toned images or prints made on 
chlorobromide paper the black dye is mixed 
with a suitable amount of brown. 

The dye is diluted with water and mixed on a 
porcelain palette or in an odd saucer. After 
mixing, it must be kept well stirred or the 
colours may be patchy when they dry. A little 
dye is taken on the brush and tested on white 
paper or the edge of the print. If it is too dark, 
more water is added until it comes to the right 
depth of tone. The darkest tones are dealt with 
first and then the dye is progressively diluted 
to spot correspondingly lighter tones. 

The commonest fault is to take too much 
dye up on the brush. This forms a blob and 
dries too dark. If too much colour is applied it 
can be sometimes wiped off with wet cotton 
wool, but it is generally more satisfactory to 
soak the prints in cold water to remove the dye, 
and then make a fresh start. 

Glossy prints are first soaked in water for a 
few minutes. The print is then placed upon a 
smooth surface, and spotting carried out on 



PENCIL RETOUCHING. Removes facial blemishes, etc., on 
portrait negatives. I. After treating surface with retouching 
medium, pencil in light areas. 2. Best hold f or pencil. 
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the wet print. When the print is dry the spotting 
will be quite invisible and after re-soaking 
the print can be glazed as usual. Another way 
of making spotting invisible on a glazed print 
is to add a trace of gum to the dye solution. 
Pencil Retouching. When light marks on the 
print are quite small and the adjacent tones 
not too dark, a pencil may be used for spotting 
them. Although not so satisfactory as dye 
retouching, the technique is easier to master 
and often much more speedy to use. 

A pencil with a soft lead is sharpened to a 
good point. The area to be filled is then lightly 
stroked with the pencil so as to leave very small, 
light dashes. The pencil should not be pressed 
hard against the surface. In this way, by 
repeatedly covering the area lightly, the tone is 
built up to match the adjacent tones. If a mis- 
take is made, it can be easily removed by 
rubbing with a clean piece of bread, or light- 
ened or softened with the finger tip. 

Very small spots are filled by the same 
method — never by pressing the point of the 
pencil in the spot; always stroke the spot, 
however small. With practice, it is quite easy 
to make a stroke in even the smallest of spots, 
and a surprising speed can be attained. 

When the pencil retouching has been com- 
pleted, the surface of the print must either be 
sprayed with a fixative or steamed over a 
boiling kettle; this is essential to prevent the 
retouching from coming off. Special fixative — 
as used by artists — can be sprayed on with a 
tubular spray which is usually sold with the 
fixative. If steam is used instead, the print must 
be held close to the spout of a boiling kettle 
until the gelatin surface becomes tacky. 

Dark Spots. Dye retouching will only cover up 
light spots on dark areas (because there is no 
such thing as a white dye). Dark spots on light 
areas of the print can be avoided by touching 
out the corresponding clear spots on the 
negative with dye pigment or pencil. But there 
are objections to working on the negative 
because once a negative is spoiled there is no 
second chance; while miniature negatives are 
very difficult to retouch successfully. 

It is safer, and generally easier, to convert 
the dark blemish on the print to a white patch 
by chemical retouching or knifing and then 
touch it out with dye or pigment. 

Chemical Retouching. Chemical retouching is 
the process of bleaching out dark areas on the 
print. The process is not confined to the removal 
of black spots; areas of dark tone can be 
lightened and highlights made brighter. 

The commonest reducer is called Farmer’s 
reducer, formed by mixing potassium ferri- 
cyanide and hypo in water. The following is 
perhaps the easiest method for spotting prints. 

The tip of the spotting brush is moistened 
and applied first to a crystal of ferricyanide and 
then to the black spot on the print. All the 
black spots are treated in this way and the 
print is put into a plain hypo fixing bath. 
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RETOUCHING TOOLS. A, magnifying glass. B, paper stump. 
C, felt stump; both stumps used f or applying graphite powder 
or abrasive reducer to negative. D, retoucMng knife toking 
interchangeable blades ( available with various cutting edges). 
E. retouching knife with fixed blade. F, retouching pencil in 
holder. G, dye brush. H, spotting brush. 


All black spots on the white parts of the print 
will disappear in a few seconds; elsewhere they 
will change to white spots on a darker ground 
and in that condition they can be easily dealt 
with by pigment or dye spotting. 

The print is removed from the hypo bath, 
well washed, and dried before any further work 
is done on it. 

If the print contains an area where the tone 
is too dark, it may be lightened by the same 
method, but in this case the action must be 
stopped when it has gone far enough. The 
action may be controlled by using a mixture of 
the following solutions : 


Stock solution A 

Hypo 

Water 

Stock solution B 
Potassium ferricyanide 
Water 


4 ounces 
40 ounces 

4 ounces 
40 ounces 


100 grams 
1.000 c.cm. 


100 grama 
1,000 c.cm. 


About 100 minims (5 c.cm.) of B are added 
to 1 ounce (25 c.cm.) of A immediately before 
use. The mixed solution will not keep; for use 
it should be pale lemon yellow and should be 
discarded as soon as its colour disappears or 
changes to blue green. 

The solution is painted over the dark areas of 
the wet print and as soon as the reducing 
action has gone far enough, the print is washed 
vigorously in clean water. To be on the safe 
side the action should be stopped while the 
tone is still a little too dark as it goes on 
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reducing for the first second or two in the 
washing water. 

This method of local reduction can be used 
to give more sparkle to highlights, to add 
clouds to blank skies, or to improve the tones 
in a portrait. It can also be used to remove 
unwanted objects like telegraph poles, printed 
notices, and advertisements that mar a land- 
scape picture. In this case the unwanted object 
is completely bleached out and the white area 
is retouched by successive applications of 
black or grey dye or pigment to match the 
surrounding tones. 

Knifing. Very small, dark spots can be quickly 
removed with a retouching knife, using the 
same technique as for negatives. However, 
extra care must be taken to leave a smooth 
surface on the print; some paper surfaces, such 


as glossy, show up knifing very badly unless 
the knife is used carefully. 

As with chemical retouching, it is better to 
knife the spot until it is quite clear and then 
dye it to match the surrounding area. 
Reinforcement. Various methods may be used 
to reinforce the tones in a print by manual 
application of graphite or pigment. The most 
popular system uses pigment in an oil medium, 
and is known as oil reinforcement. This is a 
special technique, and as such barely comes 
within the scope of normal retouching. R.M.F. 

See also: Air brush; Brushes ; Colouring prints; Doping 
prints; Intensification; Oil reinforcement ; Reducing; 
Retouching desk; Varnishing negatives; Waxing prints. 

Books: All About Improving Negatives, by F. W. Frerk 
(London); All About Improving Prints, by F. W. Frerk 
(London); All About Negative Retouching, by 1. E. 
Redon (London); Retouching, by O. R. Croy (London). 


RETOUCHING DESK. Table or stand to 
support and illuminate negatives during re- 
touching. It consists of a base supporting a 
hinged frame which is adjustable to different 
angles to suit the needs of the worker. In the 
centre of the frame there is a recessed opening 
to take the negative. The opening may be 
fitted with a nest of adapters to hold negatives 
of different sizes. There may be an adjustable 
flap over the f rame to screen off stray light. The 
desk is used in a window, over a sheet of white 



RETOUCHING DESK. Top left: Used with daylight reflected 
from white sheet. Top right: Desk with built-in lomp. Bottom: 
Construction of the desk: A, hood to keep out stray light; B, 
nest of mosks for different negotive sizes ; C, opal glass 
diffuser; D, reflector for even illumination of opal sheet; 
E, adjustment f or most convenient angle of working. 


paper which acts as a reflector and illuminates 
the back of the negative so that every detail 
is clearly seen. Instead of daylight, many 
operators prefer to use the diffused light from a 
low-powered electric lamp with the rest of the 
room in semi-darkness. 

A retouching desk should be of rigid con- 
struction and of fairly large size. It must be 
capable of supporting the negative as well as 
the pressure of the operator’s hands resting 
upon it. It should be possible to adjust the 
angle; some workers prefer to work with the 
negative at a steeper angle than others. The desk 
should be set upon a rigid table; it is fatal for it 
to wobble just when a tiny hole is being spotted 
in a small negative. 

In some studios the desk consists of a table 
with the recessed aperture for the negative 
or nest of adapters actually cut in the top and 
illuminated from below by diffused electric 
lighting. Another type of desk that is popular 
with amateurs is made in the form of a box 
with a sloping top cut out to take the negative. 
Inside the box a small electric lamp bulb — not 
more than 25 watts — behind a sheet of opal 
glass provides the illumination. It is important 
for such boxes to be well ventilated to prevent 
the heat from the lamp from steaming up the 
back of the negative or even melting the 
emulsion. 

On professional retouching desks the 
negative carrier is free to rotate in a circular 
recess so that the operator can turn it to the 
easiest position for working on. 

For retouching film negatives, the aperture is 
first fitted with a sheet of glass — opal for pre- 
ference. The negative is placed in position over 
the glass and held flat by a narrow masking 
frame. 

On any type of retouching desk the negative 
carrier and adapters must be a good fit so that 
light cannot leak around the edges and shine 
directly into the retoucher’s eyes. Very thin 
negatives that transmit a lot of light and dazzle 
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the retoucher may be roughly masked down 
with black paper to the actual area being 
retouched, or the power of the light can be 
reduced by inserting sheets of paper between 
the lamp and the negative carrier. R.M.F. 

REVERSAL MATERIALS. Most negative 
materials can be processed by reversal to yield 
a direct positive. For the best results, however, 
the negative emulsion should have specific 
characteristics, and special reversal emulsions 
are therefore manufactured. Most of the black- 
and-white materials are narrow gauge amateur 
cine films, and a few 35 mm. and larger size 
reversal films are also available for still photo- 
graphy. An appreciable proportion of the 
colour films marketed for amateur use are 
designed for reversal processing. In addition, 
materials using special reversal systems are 
produced for copying, rapid photography, and 
similar purposes. 

Normal Taking Materials. Reversal films 
(reversal plates are practically non-existent) 
for use in the camera have the following charac- 
teristics. 

(1) A thin emulsion layer. The final image is 
formed by the silver salts left in the emulsion 
after the first exposure and development. The 
total silver halide should not therefore exceed 
about twice the amount made developable by 
the normal camera exposure. Otherwise too 
great camera exposures become necessary to 
leave only the correct amount of unexposed 
silver halide, i.e., the effective speed of the 
emulsion falls, although a perfectly good image 
is formed by the first exposure. 

(2) A continuous and even range of grain 
sizes from small to large. This is important to 
permit processing compensation by controlling 
the second exposure. The silver halide left after 
dissolving away the negative image is not evenly 
sensitive everywhere: it is most sensitive where 
slight first exposure has left comparatively large 
(and therefore fast) halide grains undeveloped. 
It is least sensitive where heavy first exposure 
(corresponding to the highlights of the subject) 
has left only the smallest (and slowest) halide 
crystals unaffected. A controlled second expo- 
sure, even if not complete, will therefore yield 
a positive image, corresponding to the negative, 
on development. The quality of that image will 
depend on the continuity and range of halide 
crystal sizes in the emulsion. 

(3) Freedom from fog. In the positive image 
fog degrades the highlights, while in the nega- 
tive image produced on first development fog 
reduces the maximum density obtainable in the 
positive. 

(4) Reasonably high contrast. The positive 
image produced on second development has to 
show adequate brilliance and yield a full range 
of tones from very thin to nearly black 
Speed of Reversal Materials. The speed criteria 
on which the usual film speed systems are based 
do not apply to reversal materials, since the 


result of the reversal process is a positive and 
not a negative image. Emulsion speeds, when 
quoted — even if in a standard system — there- 
fore imply merely that the material is to be 
exposed like a negative film of the stated speed 
to yield the best results. Such speed figures are 
not therefore based on the same sensitometric 
measurements. 

There is a further point of difference between 
speed figures for negative and reversal materials. 
With a negative emulsion the speed rating 
allows for a certain safety margin against under- 
exposure since the material has a reasonable 
exposure latitude. Reversal materials have a 
much smaller latitude as exposures have to be 
fairly exact to yield a good positive image, and 
the speed figure does not imply any safety 
margin of either the same extent or the same 
nature. In fact, slight under-exposure is 
generally less harmf ul than slight over-exposure. 
Other Characteristics. Reversal materials are 
nowadays usually available with panchromatic 
emulsions, though they could equally well be 
sensitized only orthochromatically. 

As transparencies have to stand up to con- 
siderable magnification in projection (especially 
narrow gauge cine film), most reversal films 
have fine grain emulsions. The positive image 
.produced by reversal is in any case intrinsi- 
cally finer in grain than the negative from 
which it is derived. This is because the latter 
uses up most of the larger halide grains in the 
emulsion (see above). 

To reduce the risk of halation to a minimum, 
some reversal films carry an anti-halo layer 
between the emulsion and the support. The 
reason for this is that a gelatin layer on the 
back of the film would very soon get scratched 
during the normal manipulation of the viewing 
and projection, while a tinted base would make 
clear highlights impossible. 

Special Taking Materials. Sensitized papers are 
used as camera material by some street photo- 
graphers. There the image produced by the 
camera exposure is partially developed, ex- 
posed to daylight, and allowed to develop out 
fully. The result is a negative with a much 
stronger positive image superimposed on it, so 
that the picture appears as a positive. The high- 
lights are of cburse never white, but the picture 
is generally acceptable to the average customer 
of the photographer. 

A combination of a sensitized negative paper 
and a non-sensitive positive paper is employs.! 
in the cameras using the Land process. The 
papers are loaded into the camera in separate 
rolls, and the negative and positive images 
developed inside the camera by the transfer 
diffusion process. The so-called picture rolls 
are available in a range of speeds up to 400 
ASA, and with either orthochromatic or pan- 
chromatic emulsions. 

Reversal Materials for Copying. A number of 
commercial process and photomechanical films 
and papers are designed to yield equally good 
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results by negative or reversal processing. 
Special reversal materials also utilize the fog- 
destruction or the transfer diffusion system. 

Several self-positive materials of the fog- 
destruction type are marketed by leading 
manufacturers under various trade names. 
They can be used for contact copying of docu- 
ments either by transmitted light or by the 
reflex copying method. Only a single exposure 
(usually to yellow light) is necessary which 
destroys the original emulsion fogging in pro- 
portion to the density of the original being 
copied, after which straightforward develop- 
ment and fixation (or stabilization) yields the 
positive image. In practice the papers may be 
processed by application of the developer by a 
brush or similar device while the material is 
placed on an absorbent porous block, followed 
by the stabilizer used in the same manner. This 


permits rapid and certain processing even by 
unskilled staff in normal office conditions — 
where this system of copying is frequently 
used. 

Transfer diffusion materials may use two 
separate supports for the negative and positive 
images, or carry both emulsions on one sup- 
port. In the first case the two emulsions are 
squeegeed together in the processing solution 
after exposure, and stripped apart when 
developed; this often takes place in desk-size 
automatic processing machines for office use. 
The double emulsion type of material has a 
tanned positive layer; after exposure and pro- 
cessing the negative layer is dissolved away 
by warm water. L.A.M. 

See also: Cine films ( substandard ); Colour materials; 
Document photography; Negative materials; Reversal 
process; Wnlle-you-wah photography. 


REVERSAL PROCESS 


Reversal is a method of developing an image 
to produce a positive directly on a plate or 
film that has been exposed in the camera. It 
can serve equally for making a direct negative 
from a negative or a direct positive from a. 
positive transparency. 

The stages of making first the negative and 
then the positive are usually carried out in 
the same emulsion layer instead of on two 
different sensitive materials. Most amateur 
cine films and many types of colour film are 
processed by reversal. The advantage is that no 
separate printing material is called for. But 
only one copy can be made at a time. Any 
further copies have to be made by the relatively 
lengthy technique of duplication. 

Materials. In principle, any sensitive silver 
halide emulsion may be processed by reversal, 
but there are materials which carry an emulsion 
with suitable characteristics for this particular 
method of processing. 

The right characteristics for a reversal 
emulsion are an even range of large and small 
silver halide grains in the emulsion; and ability 
to give reasonably high contrast and freedom 
from fog. Reversal colour films may utilize 
dyes of different absorption characteristics 
from those used in negative colour films which 
have to be printed on a positive colour material. 

Special direct reversal materials are also 
made for document copying and similar pur- 
poses. There the positive image is produced at 
the same tune as the negative image by a pro- 
cess of transfer diffusion. An alternative system 
uses a pra-fogged emulsion which is exposed in 
such a way that the fog density is destroyed by 
the image exposure. 

Exposure. Reversal materials have a very 
limited exposure latitude and therefore require 
accurate exposure. The reason is that the 
additional conttol over density provided by the 


printing process is very largely absent. Over- 
exposure uses up too much of the sensitive 
salts in the emulsion for the negative stage, and 
does not leave enough for the final positive. 
Similarly, under-exposure leaves too much 
silver halide for the positive stage. 

Exposures with reversal cine film and colour 
film should be based on the highlights of the 
subject rather than the shadows. 

BLACK-AND-WHITE REVERSAL 

The stages in reversal processing are : 

(1) First development to form the normal 
negative image. 

(2) Bleaching to remove the negative image. 
This leaves behind varying amounts of silver 
bromide. The amount of silver bromide left 
behind is inversely proportional to the silver 
salt used to form the first image. Where the 
negative image was dense, the bleaching pro- 
cess leaves only a little silver bromide behind ; 
where it was thin it leaves a correspondingly 
greater amount. 

(3) Re-exposure to.white light to render the 
remaining silver bromide developable. 

(4) Second development to blacken the 
residual image, producing the positive. 

Results vary greatly; they depend both on 
the sensitive material and on the developer — 
particularly the first developer — used. 

Not all emulsions will yield good reversal 
images. Very soft materials are not suitable; 
in fact a fairly contrasty emulsion is preferable. 
The special reversal materials on the market are 
best used with the developers recommended for 
them. 

The First Image. The character of the final 
image depends to a great extent on the original 
negative image: a weak first image usually 
yields a dense, second image; a contrasty and 
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dense first image will yield a contrasty and thin 
second image. 

The best results follow when the silver 
bromide used up for the first image is about the 
same as the silver bromide left behind after 
bleaching. So both the original exposure and 
the first development are important. 

While a certain amount of control is possible 
in the first development, it is risky because 
under- or over-development affects the con- 
trast. It is much sounder to standardize the 
first development so that the original exposure 
alone controls the density of the negative 
image. There will thus be very little latitude to 
spare when making the original exposure. 

The Second Image. After bleaching, the sim- 
plest procedure is to expose the residual 
silver bromide fully to white light, and then 
develop it out completely. 

If the original exposure and first development 
were suitably balanced, no further control is 
necessary. In that case it does not matter 
whether the re-exposure takes place before, 
during, or after, the bleaching process; the 
white light can in fact be switched on as soon 
as the film is in the bleacher. 

Some control is possible during re-exposure 
and during the second development, but the 
latitude is small. A first image that is very thin 
will not produce a good final picture. 

But if the first image is only slightly on the 
thin side, the re-exposure may be curtailed. 
The results (tone gradation especially) will now 
depend upon the stage at which the second 
exposure is given. 

During re-exposure before bleaching, the 
residual silver bromide is masked by the 
negative image, while after bleaching the light 
reaches the whole emulsion evenly. After only 
partial re-exposure some of the silver bromide 
will remain undevelopable, and the final 
image will be less dense. 

Automatic Control. In commercial processing 
of reversal cine film, a photocell, influenced 
by the amount of light transmitted by the 
negative image (or alternatively by the residual 
image) automatically adjusts the strength of the 
light for the re-exposure. This system is known 
as automatic exposure compensation. The 
limits of this method of control are fixed by 
the shadow detail and the highlight density 
of the negative image. 

If the shadows are so thin that almost all 
the silver bromide is left in the emulsion after 
the first development, the shadow gradation 
in the final image will be negligible, however 
much the re-exposure is controlled. In other 
words, the shadows will be solid black. 

In such a case a controlled re-exposure 
through the negative image before bleaching 
will improve matters. The silver image will 
itself selectively control the light reaching the 
shadow areas, and will improve gradation. 

If the highlights of the negative image are so 
dense that very little silver bromide is left 



EXPOSURE AND REVERSAL MATERIALS. Left hand column: 
Effect of under-exposure. Centre column: Correct exposure. 
Right hand column: Effect of over-exposure. In all cases: 
I. Subject. 2. Latent image of ter camera exposure. 3. First 
development. A. Silver image bleached out. 5. Remaining silver 
halide re-exposed. 6. Second development. 7, Corresponding 
image tones. Under-exposure leaves too much silver halide 
after first development and destroys shadow gradation of 
subject since the deeper shadows merge into black in the first 
image. Over- exposure uses up too much silver halide before 
second development, leaving too little for the final image, and 
thus destroys highlight detail. 
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REVERSAL PROCESSING. !. The exposed film is first developed 
in a normal negative developer containing a suitable concen- 
tration of silver solvent. This produces a negative image. 2. 
After a thorough wash, a bleacher removes all the silver pro- 
duced by the first developer, leaving only a positive image of 
unexposed silver halide. 3. Thorough exposure of the whole 
film to strong artificial light renders the remaining silver 
halide developable. All subsequent stages can take place In 
normal white light (but not daylight unless adequately subdued). 
4. Redevelopment In a normal negative developer blackens all 
the silver halide, and yields the reversed post tive Image of the 
original scene on the same film as exposed in the camera. 
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behind in the emulsion, even full re-exposure 
will not bring out much highlight detail, and 
it may block up the shadow completely. And 
the fact that the contrast of the negative 
image tends to be lower at high density (parti- 
cularly in the shoulder region of the charac- 
teristic curve), makes matters still worse. 

A certain amount of control is also possible 
by shortening the duration of the second 
development. The result is different from 
partial re-exposure; control during re-exposure 
affects the density but not the contrast of the 
image; control during redevelopment lowers 
both the density and the contrast. 

Thin negative images may be controlled to 
some extent during redevelopment. Reducing 
the time in the second developer reduces the 
final image density, but may give far too little 
contrast. This method is therefore limited to 
negative images which are fairly thin and at 
the same time very contrasty. But such images 
are usually the result of under-exposure in the 
first place so they will still lack shadow detail. 

An incompletely redeveloped image must 
be fixed to remove all silver bromide still left. 
Formulae and Procedure. The first developer is 
generally a normal negative developer (e.g., 
metol-hydroquinone, or para-aminophenol). It 
is used at 3-4 times its normal strength, with 
2-3 parts of potassium thiocyanate or sodium 
thiosulphate added to every 1,000 parts of 
working solution. 

A suitable formula is : 

Metol 35 grains 

Sodium sulphite, anhydrous 3J ounces 
Hydroquinone 140 grains 

Sodium carbonate, anhydrous 2 ounces 

Potassium thiocyanate 35 grains 

Water to make 40 ounces 


2 grams 
90 grams 
B grams 
50 grams 
2 grams 
1,000 c.cm. 


The material should be developed for the 
time recommended for it by the manufacturers. 

Development is followed by a 2-3 minute 
rinse in plain water, after which the negative 
image is removed in the following bleaching 
solution (also known as the reversing bath): 

Potassium bichromate 88 grains 5 grams 

Sulphuric acid, concentrated 96 minims 5 c.cm. 

Water to make 40 ounces 1,000 c.cm. 

The bleacher is best made up in two stock 
solutions of 5 per cent bichromate and 5 per 
cent (by volume) of sulphuric acid. These are 
then mixed, 1 part of each with 8 parts of 
water, just before use. The used solution must 
be thrown away afterwards. 

When the negative image has completely 
disappeared, the material is rinsed again for 
3-4 minutes, and the yellow stain removed in 
the following clearing bath: 


Sodium sulphite, anhydrous I ounce 

Sodium hydroxide, 10 per 
cent 96 minims 

Water to make 40 ounces 


25 grams 

5 c.cm 
1 ,000 c.cm 


This solution can be used repeatedly until 
it takes too long to remove the yellow stain. 

After yet another wash of 1-2 minutes the 
emulsion layer is exposed partially (1-2 
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minutes), or completely (5-7 minutes), to white 
light (about 12 ins. — 30 cm. — from a 100 
watt bulb). The exposed image is then de- 
veloped in a normal negative or positive 
developer or in the first developer. To give 
really high contrast (particularly with partial 
re-exposure) a normal hydroquinone developer 
may be used. 

If the second development is curtailed, the 
material is fixed to remove the undeveloped 
silver bromide and then washed and dried. 
Direct Blackening. The operations of re- 
exposure and second development may be by- 
passed by immersing the film in an ordinary 
sulphide darkener. This has the same effect as 
complete re-exposure and re-development, but 
it gives a dense and contrasty sepia image. 

A thiocarbamide darkener (below) works 
just as well, and has the advantage of being 
odourless. 

Thiocarbamide 44 grains 2-5 grams 

Sodium hydroxide 265 grains IS grams 

Water to make 40 ounces 1,000 c.cm. 

This solution can be made up at 10 times the 
above strength, and diluted for use. 

The direct darkener is useful if the film is 
wound on a reel in a developing tank, as there 
is no longer any need for removing the film. 
It is not, of course, suitable for redevelopment 
of colour films. 

Direct blackening gives no opportunity for 
control after bleaching. 

An alternative method of blackening the 
image is to immerse the film in a solution of 
equal parts 01 per cent thiosinamine and 0-1 
per cent acetic acid. This fogs the silver bro- 
mide chemically, and renders it developable 
without exposure to light. After this treatment, 
the film need not be removed from the develop- 
ing tank, but it must still be redeveloped. 

SPECIAL METHODS 

In addition to normal black-and-white 
photography, the reversal process has impor- 
tant applications in special processes and is 
essential in processing certain colour materials. 
Colour. Reversal processing of colour materials 
follows the same general lines as reversal pro- 
cessing of black-and-white materials, except 
that a colour coupling developer is used for the 
second development. This develops the positive 
silver image and at the same time reacts with 
the colour couplers present in the three sensi- 
tive layers of the film, thus producing three-dye 
images superimposed on the silver images. The 
final stage is the removal of the silver images, 
leaving the pure dye images. 

The solutions used and the detailed proce- 
dure vary for each make of colour film. 
Transfer Diffusion. In this process the negative 
and positive images are developed simul- 
taneously but in different emulsion layers 
which may or may not be coated on the same 
support. 


The negative emulsion is a silver bromide 
emulsion which is exposed normally. It is 
developed in contact with a plain gelatin 
emulsion containing a silver halide solvent and 
a small quantity of colloidal silver or silver 
sulphide. During development of the negative 
image, the silver halide solvent (usually hypo) 
diffuses from the positive emulsion into the 
negative. There it dissolves some of the silver 
halide not used by the negative, and diffuses 
back into the positive layer where the dis- 
solved silver halide is reduced by the developer 
and deposited as silver on the silver or silver 
sulphide nuclei already present. The density of 
the image produced is proportional to the 
amount of unused silver halide available in 
any spot in the negative emulsion. After 
development the negative and positive emul- 
sions are stripped apart, and washed and dried. 
Usually the negative requires fixing. 

This process is used mainly for copying 
documents by transmitted or reflected light 
and special processing machines are available 
which squeegee the two emulsions together 
and develop them in close contact. 

The Land negative-positive process also 
uses the same principle for exposures in the 
camera; there the negative and positive emul- 
sions coated on separate paper supports are 
loaded into the special camera in rolls. The 
positive paper carries small pods of jellified 
processing solutions. Squeegeeing the negative 
and positive emulsions into intimate contact 
breaks the pods and spreads the developer 
jelly evenly between the two layers. After 
about one minute the negative and positive are 
stripped apart. 

Diaversal paper carries both emulsions on 
one support. The bottom layer is the positive 
emulsion which is tanned after coating, while 
the top layer is an untanned silver halide emul- 
sion. After exposure, development, and trans- 
fer diffusion the negative image is washed off 
with warm water which leaves the tanned posi- 
tive layer unaffected. 

Fog Destruction. This is a commercially used 
method of document copying by contact 
printing. In this process the material is uni- 
formly fogged during manufacture so as to 
produce the maximum density required subse- 
quently. When making a direct positive print 
with such a paper, printing destroys the ori- 
ginal fog in proportion to the printing expo- 
sure. Development in any rapid working 
developer then produces the positive image. 

The printing exposure generally requires 
light of a different colour from that used for 
the fogging exposure, and a yellow filter is 
therefore employed for printing. The speed of 
these materials is very low ; they can be handled 
in subdued artificial light. L.A.M. 

See also: Cine film processing; Cine films (substandard); 
Colour film processing; Colour materials; Reversal 
materials. 

Books: Developing, by C. I. Jacobson (London); How to 
Process, by L. J. Wheeler (London). 
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REVERSED NEGATIVE. Negative that has 
been deliberately manipulated to record a 
mirror image — i.e., one that has been reversed, 
left to right. Such a negative is needed in 
certain photomechanical reproduction pro- 
cesses in which the final print is a reversed 
picture of the negative. Image reversal is pro- 
duced by photographing the original through a 
right-angled (reversing) prism or mirror or 
by stripping and turning the film. 

REVOLVING BACK. Feature of some plate 
cameras which permits the plate holder to be 
rotated in its plane. In this way horizontal, 
upright, or intermediate shots are possible 
without moving the camera, thus saving a 
great deal of time in setting up. Revolving 
backs are often found on large single-lens 
reflex plate cameras where it is impractical to 
hold the camera sideways to change the format 
from horizontal to upright. 

REYNAUD, EMILE, 1844-1918. French 
showman and inventor. Used in 1877 a mirror 
drum for optical compensation, made in 1889- 
92 the projection Praxinoscope (a combination 
of magic lantern and Zoetrope), patented in 
1888 perforated flexible strips for the synthesis 
of motion, and used from 1892 such strips 
(first drawn, later photographed) in his 
Theatre Optique in Paris. After the populariza- 
tion of the motion picture film he felt frus- 
trated, sold his apparatus for scrap and threw 
his films into the Seine. 

RHEOSTAT. Variable resistance used in 
electrical circuits to adjust the current flowing 
in the circuit. In photography rheostats are 
used principally for controlling the current 
through over-run and other high intensity 
filament lamps so that they can be used at a 
lower level of illumination when focusing the 
camera and brought up to full brilliance for 
exposure. This procedure greatly extends the 
life of such lamps. 

It is not advisable to use such dimming 
resistances for varying the brilliance of lighting 
for exposure, because the drop in brilliance is 
always accompanied by a change in colour 
temperature. 

Rheostats are made in the form of coiled 
lengths of resistance wire connected to the 
contacts of a rotary or sliding sel«ctor switch. 
The position of the selector arm (and the 
amount of current flowing in the circuit) is 
controlled by a knob on the outside of the case. 
A calibrated scale may be added. 

There are two regular methods of varying 
theresistance in the circuit: 

(1) All the resistance is connected in series 
with the circuit and gradually taken out to 
increase the current. 

(2) Resistance coils are progressively added 
in parallel to an initial resistance coil con- 
nected in series with the circuit. As extra resis- 


tances are added, the current through the 
circuit increases. 

Rheostats are also used for controlling the 
current through arc lamps. The closer the 
carbons are brought together, the lower the 
resistance of the arc and the greater the current 
in the circuit. A variable resistance is one way 
of keeping the current down to the optimum 
working value. F.P. 

See also: Dimmer. 

RIM LIGHTING. Lighting set-up, used par- 
ticularly in portraiture, where the light source 
is more or less behind the subject and thus 
outlines its contour with a brilliant rim of 
light. 

See also: Lighting the subject. 

RINSE. Brief wash either with clean water or a 
special rinsing bath given to a sensitive material 
in the course of processing. Its object is to 
remove — or neutralize — chemicals from a 
previous bath adhering to the negative or print; 
this stops the image from being discoloured in a 
subsequent bath and ensures that the chemicals 
cannot contaminate the subsequent bath and 
impair its action. The principal rinse is given 
between development and fixing. 

See also: Stop baths. 

RIPENING OF EMULSION. Essential stage 
in the manufacture of a photographic emulsion 
in which it is heated in the presence of a silver 
halide solvent under controlled conditions. 
The result is that the average size of the grains 
— and therefore the sensitivity — increases. Also 
known as Ostwald ripening. 

See also : Sensitized material manufacture. 

RISING FRONT. Lens panel constructed so 
that it can slide vertically to allow the lens to 
be raised above — or dropped below — the nor- 
mal position. It is used principally to prevent 
the distortion of verticals in photographs of 
tall buildings. 

See also: Camera movements. 

ROBINSON, HENRY PEACH, 1830-1901. 
English professional photographer. Leading 
pictorialist of his time, famous for his com- 
bination prints. Produced also charming genre 
scenes. Prolific writer on the art of photography. 

ROCHELLE SALT. Developing agent used 
in the kallitype process; also used as a sen- 
sitizer. 

See also: Sodium potassium tartrate. 

ROENTGEN, WILHELM CONRAD, 1845- 
1923. German professor of physics. Discovered 
the Roentgen or X-rays and thus radiography 
(1895), which revolutionized physical theories, 
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medical diagnostics and therapy, and the study 
of crystal structure. Roentgen received the 
Nobel Prize in 1901. Biography by F. Dessauer 
(Olten 1945); O. Glasser (London 1933). 

ROHR, MORITZ VON, 1868-1940. German 
lens designer. Outstanding writer on the 
history of optical and ophthalmological instru- 
ments. A bibliography of his 571 books and 
articles was published in Forschungen zur 
Geschichteder Optik, 1943. 

ROLLEIFLEX. Original roll film twin-lens 
reflex camera, introduced in 1928 by Franke & 
Heidecke of Brunswick, Germany. This cam- 
era and its sister model, the Rolleicord, started 
the wide popularity of twin-lens cameras which, 
owing to their simplicity of operation and 
certainty of results, appealed especially to 
amateurs. 

At the same time, the full size image on the 
ground glass screen made the camera specially 
useful to pictorial workers and to many pro- 
fessional feature photographers. 

The present-day Rolleiflex features automatic 
crank-operated film transport coupled to the 
shutter tensioning, automatic loading by means 
of film feeler rollers, an / 3-5 or 2-8 lens, and a 
Synchro-Compur shutter with light value scale 
and X-M flash synchronization. The shutter 
speed and /-number settings are indicated by 
numbers in a window on top of the viewing lens. 

On the whole, the Rollei cameras are intended 
to be self-sufficient and were not visualized as 
part of a camera system of accessories and 
special equipment. The lens, for instance, is 
not interchangeable. The camera thus has 
definite recognized limitations, and is designed 
to produce the best possible results within its 
scope. Nevertheless the makers have produced 
certain accessories such as supplementary 
lenses for close-ups, adaptor backs and kits for 
using plates or 35 mm. film, and even a supple- 
mentary rangefinder. 

Sec also : Camera history; Reflex camera. 

ROLL FILM. One of the most popular types 
of negative material, particularly for amateur 
photography. A roll film consists of a length 
of celluloid, coated with a sensitive emulsion 
on one side and a layer of plain gelatin on the 
other to reduce its tendency to curl. 

The film is attached to an opaque paper 
backing and wound on to a wooden or metal 
spool. The backing paper is longer than the 
film and the surplus length wraps around the 
spool to protect the film from the action of light 
before and after exposure in the camera. 
Numbers on the back of the backing paper 
show through a window in the camera, indi- 
cating the position of the successive frames of 
the film. 

The earliest roll film of this type was made 
about 1875 by L. Wamerke who coated a 


gelatin emulsion on a paper support and sub- 
sequently stripped off the developed negative 
for printing. 

In 1 889 the Eastman (later Kodak) Company 
made the first roll film having a celluloid sup- 
port with an opaque backing paper to permit 
daylight loading into the camera and in 1903 
they improved it by adding the anti-curl 
backing layer of gelatin. 

See also: Film transport; Negative materials; Sensitized 
material history; Sensitized material manufacture; Sizes 
and packings; Spools; Supports for emulsions. 

ROLL FILM ADAPTOR. Attachment for the 
back of a plate camera to enable it to take 
photographs on roll films. It consists of a 
shallow box with cylindrical chambers for the 
film at each end with a film aperture between, 
which is kept covered by a dark slide between 
exposures. 

The adaptor can thus be removed from the 
camera without exposing the film to the light ; 
it is fitted with the usual film transport knob 
and number window. 

ROSCOE, SIR HENRY ENFIELD, 1833- 
1915. English chemist. Collaborator of Robert 
Bunsen. Together they carried out investi- 
gations on the chemical action of light which 
resulted in the enunciation of the Bunsen- 
Roscoe Law (1854/9), on photometry, actino- 
metry and spectrum analysis. Also produced 
exposure tables based on the position of the 
sun, and advocated the use of magnesium light 
(1859). Autobiography: 1906. 

ROYAL PHOTOGRAPHIC SOCIETY. 
Founded in 1853 to promote the general 
advancement of photographic science and its 
applications. 

Her Majesty Queen Elizabeth II is the 
gracious Patron of the Society, an association 
with the Royal Family which has persisted from 
earliest days. 

There are now over 6,000 members of whom 
about 30 per cent are resident overseas. 

The Associateship (A.R.P.S.) and Fellow- 
ship (F.R.P.S.) are open to all members who 
can produce evidence of outstanding ability in 
any branch of photography. 

Groups of the Society have been formed to 
study specialized aspects of photography, 
namely, colour, kinematography, medical, 
miniature camera, pictorial, scientific and 
technical. These groups arrange lectures, 
demonstrations, exhibitions, visits, print circu- 
lations and criticisms, and publish bulletins, 
including Photographic Abstracts, which sum- 
marize current photographic literature. 

The Society publishes the Photographic 
Journal and the Journal of Photographic 
Science. In addition an annual publication, 
The Year's Photography, is issued which con- 
sists mainly of half-tone reproductions. These 
publications are free to members. 
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The Society’s Annual Exhibition is world 
famous and has recently been divided into an 
Autumn and Spring show, so that it can be 
displayed to the best advantage. Monthly 
exhibitions of various types of photography are 
also arranged in the Society’s house in London. 

Over a number of years the Society has built 
up a collection of masterpieces of photography 
and of historical apparatus and equipment, 
which are preserved at the Society’s premises 
and in the Science Museum, South Kensington. 

The Society’s house has a lounge for the use 
of members and a Library where books can 
be consulted or borrowed. Postal facilities 
are also available to members in the British 
Isles. Social functions include an annual 
Dinner Dance in London and a Conference at 
a provincial centre. 

The Society makes awards for distinguished 
work, the most outstanding being its Progress 
Medal, which is awarded in recognition of any 
invention, research, publication or exhibition 
which has resulted in any important advance 
in the science, art or practice of photography. 
This medal has been awarded on forty-two 
occasions, exactly one half being to recipients 
of foreign nationality. 

Nearly a thousand photographic societies 
and clubs in Great Britain and overseas are 
affiliated to the Royal Photographic Society, 


through ten regional Federations and a co- 
ordinating body known as the Photographic 
Alliance. L.E.H. 

See also : Clubs and associations. 

RUBBER SOLUTION. Solution of rubber in 
naptha used in photography as a mountant for 
prints. 

RUDOLPH, PAUL, 1858-1935. German 
mathematical optician. Collaborated with 
Abbe and calculated (1889) the characteristics 
of the first Zeiss anastigmats produced from 
the new Jena optical glasses in 1890. Rudolph 
later calculated the new Zeiss Tessar lenses 
and in 1920 a Double-Plasmat (produced by 
H. Meyer of Gorlitz). He received the Progress 
Medal of the Royal Photographic Society in 
1905. 

RUSSELL, MAJOR CHARLES, 1820-87. 
English amateur photographer. Invented in 

1861 the tannin process (dry collodion plates 
for negatives preserved with tannin), and in 

1862 the alkaline pyrogallol-ammonia devel- 
oper. Worked also on the composition of 
developers (recommending potassium bromide 
as a restrainer) and on reversal development 
(1862). Described in 1866 a yellow anti- 
halation backing. 


RUSSIA AND THE U.S.S.R. 


The development of photography in Russia 
can be divided into two periods: pre-revolu- 
tionary and Soviet. 

Russian scientists and inventors made a 
number of discoveries and improvements up to 
1917. Most of these never achieved commercial 
importance owing to the technical backward- 
ness of the country and in only a few cases 
were they exploited beyond its borders. Artistic 
and applied photography was fairly successful 
in pre-revolutionary Russia and was frequently 
praised at international exhibitions. 

The planned nature of Socialist economy 
helped the rapid development of photography 
in the Soviet period. Several research and 
teaching institutes were set up; factories and 
laboratories were built with up-to-date equip- 
ment. These industrial works produce photo- 
graphic materials, chemicals, cameras, equip- 
ment, and so on. The scale of output is on the 
increase to meet the constantly growing 
demands. Artistic, technical and scientific 
photography are well developed. 

Early Developments. Photography began in 
Russia in 1839 with the calotype process, a 
description of which was received directly 
from Fox Talbot by I. K. Gamel, a member of 
the Peterburgskoi Akademii Nauk (Peters- 
burg Academy of Sciences), who sent it on to 
the Academy. In May 1839 U. F. Fritsche, a 


member of the staff, began to study this pro- 
cess at the request of the Academy and pro- 
duced the first photographs in Russia. 

The same year Gamel sent a camera and 
photographic equipment based on the designs 
of J. N. Niepce and J. M. Daguerre to the 
Academy. In 1840 the Moscow photographer 
A. F. Grekov (at the same time as the French 
physicist H. L. Fizeau) worked out a method of 
silvering copper and brass plates to reduce the 
mirror-like gloss of daguerreotypes. F. Arago 
reported on this invention by A. F. Grekov to 
the French Academy of Sciences on 16th 
November 1 840. 

I. K. Gamel subsequently received over 160 
documents on the history of the invention of 
photography from Isidore Niepce — letters of 
Nicephore Niepce, Daguerre, Isidore Niepce 
and others. They are in the archives of the 
Academy, and were published in 1949, under 
the title Dokumenti po Istorii Izobreteniya 
Fotografii ( Documents on the history of the 
invention of photography), being edited by 
T. P. Kravets, corresponding member of the 
A.N. S.S.S.R. (U.S.S.R. Academy of Sciences). 

The wet collodion process developed rapidly 
in Russia, thanks to the discovery of pyroxylin 
by General K. K. Mann, who was in charge of 
the Glavnaya Laboratoriya Departamenta 
Vrachebnikh Zagotovlenii (Main Laboratory 


988 



RUS 


of the Department of Medical Supplies). 
Pyroxylin was also extensively used abroad. 

L. V. Wamerke (1837-1907), a Russian 
inventor who worked in England from the end 
of the I870’s, devised in 1875 a sensitive collo- 
dion layer on paper. 

In 1881 Boldyrev (bom 1850 — date of death 
unknown), a Petersburg photographer, coated 
a transparent and flexible non-flam film base, 
first with collodion, and later with a dry gela- 
tin emulsion. In 1882 he successfully demon- 
strated it at the All-Russian Industrial Exhibi- 
tion in Moscow, but owing to lack of money 
was unable to achieve industrial production of 
his invention. 

In pre-revolutionary Russia a number of 
original cameras and various parts of them 
were also invented. Of particular interest are: 
a roll film camera designed in 1875-7 by 
L. V. Wamerke and a portable camera, de- 
signed in 1879 by D. P. Yezuchevsky (1835-98) 
and intended for expeditions. This latter camera 
won a prize in 1882 at the geographical exhibi- 
tion in Venice. 

I. F. Alexandrovsky invented and patented 
a stereo-photographic camera in 1 854. 

In 1882 S. A. Yurkovsky, a Vitebsk photo- 
grapher, invented the first instantaneous roller 
blind shutter on which many present-day 
shutters are still based. 

Equipment for colour photography includes 
I. Yanovsky’s “chromograph” (1895), and 
E. Kozlovsky’s three-colour camera (patented 
in 1899), with a beam-splitter system utilizing 
semi-transparent mirrors. 

In 1899 I. L. Polyakov (bom 1877 — date of 
death not established) a student at a Moscow 
technical college, invented a selenium photo- 
meter for the automatic control of exposure 
and received Russian (No. 10116) and German 
(No. 117559) patents. I. L. Polyakov’s photo- 
meter was the first to use two photo-elements 
connected in opposition, a system widely used 
nowadays. This patent is the first to mention the 
use of a photo-element for determining expo- 
sure. 

In 1902 A. A. Popovitsky, a Petersburg 
photographer, invented a camera with spherical 
mirrors instead of a lens which he patented in 
1904 in Russia, France and Germany. 

Engineer P. Y. Tille designed a multi-lens 
“Panoramagraph" camera in 1898, for three- 
dimensional photography from aerial balloons. 

During the 1904-5 Russo-Japanese War a 
long-focus camera designed by the Russian 
officer S. A. Ulyanin (bom 1871 ; date of death 
not established) was used. 

In 1911 the Russian officer V. F. Potte 
(1866-1918) invented the prototype of a semi- 
automatic aerial film camera, which was 
extensively used in the Air Force. 

Early Photographic Industry. The first photo- 
graphic manufacturer in Russia was A. N. 
Sukhachyov of Petersburg who produced 
papers from 1862 onwards. He was followed in 

E. — II 


1881 by L. V. Wamerke (who also made films), 
and in 1882 by N. K. Klyachko of Moscow with 
the manufacture of cameras and accessories. 

Other factories producing bromo-gelatin 
films were built in 1896 — K. I. Freilandt’s 
Vsya Rossiya, Captain Zankovsky’s Pobeda 
and Joseph Pokomy’s Iris (first in Libava and 
later in Moscow). 

The first Russian optical firm — FOS— 
started in Warsaw in 1899, producing anastig- 
mat lenses from optical glass obtained from 
abroad. The products of the Russian industry 
before 1917 were qualitatively as good as 
foreign goods but extremely limited in range. 

After the Revolution the existing factories 
and workshops were transferred to the Foto- 
komiteti v Moskve i Petrograde (Photo- 
Committees of Moscow and Petrogard) in 
1918 and on 27th August, 1919, V. I. Lenin 
signed a decree of the Soviet Narodnikh 
Kommisarov (Council of People’s Commissars) 
transferring the photographic industry to the 
Narodny Komissariat Prosvescheniya (People’s 
Commissariat for Education). 

Organizational changes took place in the 
administration of the photographic industry in 
1924. An optico-mechanical industry trust 
(T.O.M.P.) was formed and in 1926 a photo- 
cine-chemical trust (F.O.K.K.T.) was set up 
under the Higher Council for national economy, 
for the Russkaya Sovietskaya Federativnaya 
Sotsialisticheskaya Respublika (R.S.F.S.R. — 
Russian Soviet Federative Socialist Republic). 
This latter trust marked the beginning of the 
development in the U.S.S.R. of the photo- 
chemical and optico-mechanical industry. 
Production of Materials. The chemico-photo- 
graphic trust started large scale production of 
photographic papers in 1 927. The mass-produc- 
tion of black-and-white cinema film stock began 
in 1931, of multi-layer colour negative and posi- 
tive photographic materials in 1948. Photo- 
graphic film and paper factories are today 
distributed in a number of towns in the U.S.S.R. 
and supply the requirements of the cinema, of 
industry and of amateurs. The products cover 
orthochromatic, panchromatic, and infra-red 
sensitive black-and-white materials for com- 
mercial, technical and scientific work, includ- 
ing radiography, spectrography, photomicro- 
graphy, astronomy, survey and other applica- 
tions. The range of colour materials includes 
colour negative film for daylight and artificial 
light, and colour positive film and paper for 
colour printing. 

Photographic papers for black-and-white 
photography are produced with silver bromide, 
chloro-bromide, and chloride emulsions in 
different surfaces and base tints. They are 
available for amateur use and for technical 
purposes (document and reflex printing papers, 
oscillograph and other recording papers, 
materials for photo-telegraphy, and so on). 

The progress in sensitive materials in the 
Soviet Union may be illustrated by the in- 
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creasing film speeds available: in 1928-9 ortho- 
chromatic emulsions were being made with a 
speed of 270 H & D (19° B.S. log. index), while 
in 1 937 the main output covered panchromatic 
materials of about 800 H & D (24° B.S. log 
index). High speed emulsions appeared in 1941 
(3400 H & D or 30° B.S.), the available speed 
increasing progressively to 16,000 H & D 
(37° B.S.) by 1954. 

Production of Equipment. Photographic lens 
manufacture developed in Russia in 1890. 
The physicist Professor A. L. Gershun ( 1 868— 
1915) was the founder of the optical machine- 
tool industry. Academician D.S. Rozhdest- 
vensky (1876-1940) made considerable contri- 
butions to the Russian optical and precision 
mechanical industry. In 1915 I. V. Greben- 
schikov (1887-1953), academician since 1932, 
and N. N. Kachalov organized the production 
of optical glass, the import of which was 
restricted owing to the First World War. 

Two large optical glass factories have been 
built to supply the motion picture and photo- 
graphic industries in the U.S.S.R. Their pro- 
duction programme covers a comprehensive 
range of advanced photographic and optical 
equipment. 

The first mass-produced Soviet cameras using 
photographic plates were made in 1929 by the 
co-operative artel Fototrud. They were folding 
plate cameras of 9 x 12 cm. format with a 
comparatively slow lens. 

In the middle of 1930 T.O.M.P. produced the 
first models of the Fotokor amateur camera 
with an / 4-5 anastigmat. They went into mass 
production at the end of 1931. At the beginning 
of 1934 the Dzerzhinsky labour colony in 
Kharkov began to produce the FED minia- 
ture camera for 35 mm. film. 

The number of factories producing cameras 
grew with the years and their output and variety 
increased considerably. The present-day range 
covers precision miniature cameras with built- 
in photo-electric exposure meters, reflex 
cameras of different types, stereo-cameras, 
simple cameras for beginners, commercial 
equipment for copying, process work, printing 
and cartography, aerial cameras, phototheo- 
dolites, medical cameras, and others. 

The first experimental Soviet lenses were 
designed between 1 925 and 1 928. The produc- 
tion of the Ortogoz anastigmat lens for the 
Fotokor camera began at the end of 1929. An 
improved lens — the Industar — followed, and 
was available in focal lengths from 3-5 to 
120 cm., with various maximum apertures. In 
the post-war period production started of high 
speed Jupiter lenses (up to / 1-5) for miniature 
cameras. They included normal, wide angle 
and tele-lenses, with coated elements for in- 
creased light transmission. 

The following figures give some idea of 
camera production in the U.S.S.R.: there were 
30,000 cameras produced between 1930 and 
1 941 ; in 1 954 the figure was 750,000 and nearly 


a million in 1955. According to customs figures 
round about a million cameras were imported 
into Tsarist Russia for the 25-year period 
1893-1917. 

Some factories are producing photomicro- 
graphic equipment, apparatus for the sensi- 
tometric testing of photographic materials and 
for spectral and X-ray analysis, electron micro- 
scopes, equipment for micro-filming and other 
scientific and technical purposes. 

Scientific Research. Russian scientists made 
their contribution to the development of photo- 
graphy. 

Among pre-revolutionary work it is worth 
noting V. V. Lermontov (1845-1919) who in 
1877 put forward the idea in his work O 
Fotografischeskom Protsesse ( The Photographic 
Process) that electric fields play a part in the 
regeneration of silver halide. 

V. I. Sreznevsky (1849-1937) worked success- 
fully on the technology of the production of 
dry silver bromide emulsions. 

L. V. Wamerke designed in 1 880 a sensito- 
meter, the first of its kind in the world, for the 
quantitative determination of light sensitivity 
and organized its production in his Peters- 
burg laboratory. 

N. A. Shilov (1872-1930) explained in his 
book K Teorii Fotograficheskogo Proyavitelya 
(Theory of the Photographic Developer) the 
preservative part played by sodium sulphite. 

S. W. Maximovich (1876-1942) obtained 
Russian and German patents in 1909 (No. 
229007) for his three-colour method of photo- 
graphy and cinematography. 

The work of Soviet scientists was carried 
on within the framework of a single state plan 
with constant exchange of information. In the 
chemical field they devoted themselves to the 
study of the theory and technology of the 
production of sensitive materials, the photo- 
chemistry of the photographic layer and the 
problems of the latent image, the processing of 
sensitive materials, trade and bulk processing 
methods, etc. 

Emulsion Chemistry. The first task in building 
new factories for sensitive materials in the 
U.S.S.R. was to work out suitable production 
methods. In 1929-33 K. V. Chibisov and his 
colleagues studied the relationship between the 
conditions of formation of sensitive emulsions 
and their sensitometric characteristics. The 
basic factors in the preparation of ammoniacal 
and non-ammoniacal emulsions were deter- 
mined as a result of this work. 

Developing the theory of emulsion produc- 
tion, K. V. Chibisov and A. A. Mikhailova 
established the physico-chemical principles of 
the first and second ripening stages. K V. 
Chibisov, together with A. A. Titov and A’. A. 
Mikhailova, investigated the silver-gelatin 
complex formed during ripening and proved 
that the sensitivity specks consisted of metallic 
silver and not of silver sulphide, as had been 
hitherto presumed. 
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Worthy of note in latent image research was 
the work of A. L. Rabinovitch (1893-1942) 
and K. S. Bagdasaryan on the mechanism of the 
action of light on silver halide without gela- 
tin. Certain laws of development were observed 
in the increase of sensitivity of silver halide 
during the production of photographic emul- 
sions. 

Studying the nature of the latent image, 
T. P. Kravets (1876-1955) and M. V. Savo- 
styanova and their colleagues proved that under 
the influence of light colloidal particles of 
silver, which were the centres of the latent 
image, were formed inside the crystals of silver 
bromide. 

From 1 929 onwards several scientists (V. A. 
Bekunov, N. V. Makarov, D. I. Vimikov and 
others) in different research establishments 
investigated the photographic activity of 
gelatin and worked out production methods for 
high activity gelatins as well as establishing a 
standard of quality for gelatin. 

In addition to study on the main questions of 
emulsion production, intensive work was done 
on specific technological questions and coating 
of photographic papers. The processes of 
emulsion-washing were studied by V. A. 
Mikhailov (1933) and V. S. Koltsov (1939). 
Subsequently a number of workers, notably 
A. A. Titov, worked out various methods for 
separation of the solid phase from the liquid 
and thus eliminated washing — the most in- 
determinate factor in the production of photo- 
graphic materials — from the industrial process. 

The theory advanced by B. V. Deryagin, 
which established the relationships between the 
thickness of the emulsion layer, the viscosity of 
the emulsion introduced, and the speed and 
temperature of coating, is worthy of note among 
the work done on the coating of photographic 
emulsions. This work made it possible to secure 
the high-quality coating of multi-layer colour 
photographic materials. 

In the field of optical sensitizers, I. I. 
Levkoyev, A. I. Kiprianov, N. N. Sveshnikov, 
and others in the years between 1929 and 1955 
prepared a number of extremely effective 
orthochromatic, panchromatic and infra-red 
sensitizing dyes. Sensitizers with stable com- 
ponents were also synthesized for multi-layer 
colour materials. This research provided a 
basis for the industrial production of the 
required number of sensitizers. 

Alongside applied questions, research was 
carried out into the physical chemistry of 
optical sensitization. A. I. Rabinovich and his 
colleagues (1932-8) studied the adsorption of 
dyes on silver bromide; Y. I. Bokinin, K. S. 
Bagdasaryan and others studied the photo- 
chemical mechanism of the decomposition of 
optically sensitized silver halide. 

Processing. The development of the motion 
picture printing industry required considerable 
research into the photographic processing of 
film materials. In 1948 N. I. Kirillov put for- 
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ward a method of continuous flow processing of 
sensitive emulsions. 

At the same time research was in progress 
on the theory of photographic development and 
between 1925 and 1928 K. V. Chibisov studied 
the development process with the aid of photo- 
micrography. A. I. Rabinovich proposed and 
studied in experimental form the adsorption 
theory of development, while P. D. Dankov 
between 1939 and 1949 explained the process 
of the generation of silver halide as being an 
electro-chemical reaction. The most important 
work in this field was done by G. P. Faierman 
and S. I. Cherbov, who worked out a general 
theory of development. 

N. Y. Gorokhovsky, I. A. Cherny, F. L. 
Burmistrov and others worked out a new system 
of measuring film speeds free from the short- 
comings of the H. & D. system which Soviet 
scientists used in the first years of scientific 
photographic development. This film speed 
system, with all the sensitometric equipment, 
has been recognized in the U.S.S.R. as the 
official standard. 

Colour. A number of research institutions 
investigated different methods of colour photo- 
graphy. 

From 1930 onwards K. S. Lyalikov, Y. I. 
Blumberg and others designed materials with 
an irregular three-colour mosaic for colour 
photography. K. S. Lyalikov, P. M. Mershin, 
V. I. Uspensky and others worked on wash-off 
relief colour printing for colour motion pic- 
tures with the utilization of chrome layers for 
the matrices and silver bromide master film. 

In 1938 V. S. Cheltsov, A. N. Iordansky, 
G. I. Arbuzov and K. L. Merts began work on 
the preparation of multi-layerfilmand chemicals 
for colour development. This work was com- 
pleted in 1945 and the process went into pro- 
duction. Since 1948 these materials have been 
manufactured on a large scale. 

Equipment. The main problems of develop- 
ment in the optical and precision engineering 
fields were computation of photographic 
lenses, optical apparatus, methods of sound- 
recording and projection of cinema film, ques- 
tions of lighting techniques, the design of still 
and motion picture cameras, cine film pro- 
cessing and printing machinery, and so on. 

Of all these problems, lens computation is 
most directly linked with photography and it 
has been the subject of research by G. G. 
Slyusarev, A. I. Tudorovsky and D. S. Volosov. 
Original types of wide angle lenses for aerial 
photographic equipment were calculated by 
M. P. Rusinov. His Lyar has an angle of 100° 
and his Russar one of 112°. In 1934 I. V. 
Grebenshchikov and his colleagues worked 
out and put into production methods of coat- 
ing lenses. 

A. A. Melnikov designed new types of 
shutters between 1935 and 1939, while L. P. 
Riftin and G. Y. Grinevich took the lead in 
camera design and construction. 
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Research and Teaching Institutes. At the 
suggestion of D. S. Rozhdestvensky the 
Gosudarstvenni Opticheski Institut (G.O.I. — 
State Optical Institute) was organized in 1918 
in Petrograd. A photographic section which 
aimed to give research service to the photo- 
graphic industry was established at this in- 
stitute in 1926. 

The Vsesoyuzni Nauchno-issledovatelski 
Kinofotoinstitut (N.I.K.F.I. — All-Union Scien- 
tific Research Institute of Cinematography and 
Photography), was set up in Moscow in 1929. 

In the same year the Institut Aerosyemki 
(Institute of Aerial Photography) was estab- 
lished in Leningrad. This latter institute was 
later reorganized into the Tsentralni Nauchno- 
issledovatelski Institut Geodezii, Aerofoto- 
syemki i Kartografii (Central Scientific Re- 
search Institute of Geodesy, Aerial Photo- 
graphy and Cartography) and it is today 
located in Moscow. 

Problems of photography were also studied 
by the photo-chemical laboratory of the 
Nauchno-Khimicheski Institut Imeni Karpova 
(Karpov Chemical Research Institute) and in 
the research institute of the printing industry. 

In addition to the research institutes listed 
above, problems of photography are studied in 
the Department of Photography at Moscow 
University, by the Institut Metrologii i Stan- 
dartizatsii (Institute of Meteorology and 
Standards), in the physics departments of the 
Universities of Leningrad and Odessa, in the 
department of organic chemistry of the uni- 
versities of Kharkov and Kiev, by the Khar- 
kovski Khimiko-Tekhnologicheski Institut 
(Kharkov Institute of Chemical Technology) 
and others. 

A commission for scientific photography and 
cinematography was formed within the Akade- 
miya Nauk S.S.S.R. in 1948. Its task is the co- 
ordination of research work, information and 
contacts between research institutes, factories 
and individuals working in different branches 
of photography. 

The founder of photographic education in 
Russia was Professor V. I. Kurdyumov (1 853— 
1904) who organized the first photographic 
research laboratory in 1901 at the Institut 
Inzhenerov Putei Soobshcheniya (Institute of 
Transport Communications Engineers). 

The Vysshi Institut Fotografii i Fototekhniki 
(Higher Institute of Photography and Photo- 
graphic Technique) was organized in 1918 in 
Petrograd at the suggestion of Petrograd 
scientists. This institute was later reorganized 
and is now the Institut Kino-inzhenerov 
(Leningrad Institute of Film Engineers). The 
Gosudarstvennaya Shkola Kinematografii 
(State School of Cinematography) set up in 
1919, later became the Vysshi Gosudarstvenni 
Institut Kinematografii (Higher State Institute 
of Cinematography) in Moscow. 

A photographic institute, opened in Kiev in 
1921, was later reorganized into a film institute. 


The teaching of photography and the train- 
ing of qualified specialists in scientific photo- 
graphy and photographic technique is carried 
curat Moscow, Kiev, Alma-Ata, Kazan and 
other universities, at the Moskovski Institut 
Geodezii, Aerofotosyemki i Kartografii (Mos- 
cow Institute of Geodesy, Aerial Photography 
and Cartography), at the Institut Tonkoi 
Khimicheskoi Tekhnologii (Institute of Tech- 
nology of Fine Chemicals) and in other teach- 
ing organizations. 

Photographic Societies. The Fifth (photo- 
graphic) section of the Russkoye Tekhniches- 
koye Obshchestvo (Russian Technical Society) 
in Petersburg was formed in 1878. This became 
the main photographic research centre in 
Russia. Active members of the photographic 
section included V. I. Sreznevsky, L. V. 
Wamerke, K. K. Mann, D. I. Mendeleyev, 
Wagner, the photographers S. L. Levitsky, 
A. I. Denier, D. P. Yezuchevsky and others. 

The Russkoye Fotograficheskoye Obsh- 
chestvo (Russian Photographic Society) was 
founded in Moscow in 1 894 and rapidly became 
an all-Russian photographic organization. It 
worked for the development of artistic photo- 
graphy in Russia. 

The first conference of Russian photo- 
graphers took place in Moscow in 1 896 and a 
second congress was held in 1908 in Kiev. 

The Russian Photographic Society resumed 
its work in 1921. 

There are no special photographic clubs in 
the U.S.S.R. Widespread photographic work 
is done in the photo-circles attached to social 
organizations, to the clubs at industrial firms 
and institutions, in secondary and higher 
schools, and in the pioneer organizations. 

Professional photographers are organized in 
trade unions and drawn into the network of 
circles set up to increase photographic know- 
ledge, which are organized in industrial enter- 
prises (photographic studios and laboratories). 
Photographic sections exist to serve newspaper 
photographers. These sections are attached to 
the unions of journalists and it is their business 
to organize photographic exhibitions, lectures, 
and reports on artistic and technical subjects. 

There were several hundred thousand ama- 
teur photographers in pre-revolutionary Russia, 
mainly among intellectuals. Today this figure 
is between six and seven million in the U.S.S.R. 
and includes amateurs from the most varied 
strata of the population in town and country. 
Photographic Exhibitions. A photographic 
section was organized in 1882 at the All- 
Russian Industrial Exhibition in Moscow. The 
Fifth (photographic) section of the Russkoye 
Tekhnicheskoye Obshchestvo organized photo- 
graphic exhibitions in Petersburg in 1 888, 1 889, 
1891 and 1898. 

The first international photographic exhibi- 
tion was arranged in Moscow in 1902 and in 
Petersburg in 1903. The Akademiya Khudoz- 
hestv (Academy of Arts) organized an exhibi- 
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tion of artistic and technical photography in 
Leningrad in 1924. 

A big exhibition, titled Desyat’ let Sovietskoi 
Fotografii (Ten Years of Soviet Photography ), 
was held in Moscow in 1927 and in 1937 an All- 
Union exhibition of photographic art in the 
Musei Izobrazitelnikh Iskusstv im. A. S. 
Pushkina (Pushkin Museum of Fine Arts). 
Exhibitions of colour photography have been 
organized annually in Moscow in the post-war 
period. 

Documentary Photography. The year 1 859 saw 
the publication of an album Fotograficheskiye 
Vidi lerusalima I Ego Okresnostei (Photographic 
Views of Jerusalem and its Environs ); between 
1870 and 1892 five volumes were published in a 
series Amur, Vostochnaya i Zapadnaya Sibir 
(The Amur, Eastern and Western Siberia). A 
Turkestanski Albom (Turkestan Album) was 
published showing the costumes, crafts, homes 
and architectural monuments of the peoples of 
Central Asia in those years. An album titled 
Tipi Narodnostei Srednei Azii (Nationalities of 
Central Asia) was specially prepared for the 
Third International Congress of Orientalists, 
held in Petersburg. 

M. P. Dmitriev (1858-1948), a photographer 
in Nizhny Novgorod, was responsible for the 
development of documentary and news photo- 
graphy at the end of the nineteenth and at the 
beginning of the twentieth centuries. Over a 
period of years, beginning in 1888, he amassed 
the Volga Collection of 1,200 documentary 
photographs of great artistic merit. 

In the Soviet period, photo-reportage work 
has reached high levels. Leading people in this 
field include P. K. Novitsky (1887-1942), who 
was a news photographer from 1911 and later 
afilmcamerman, M. M. Kalashnikov (1906-44), 
who was killed at the front during the War 
of 1941-5, andD. G. Debabov (1901—49). 
Artistic Photography. This type of photography 
began to develop in Russia between 1 850 and 
1860 and its progress in the latter half of the 
nineteenth century is linked with the name of 
S. L. Levitsky (1819-98), who may be justly 
considered the founder of Russian professional 
photography. He won a gold medal at the first 
international photographic exhibition in Paris. 
A. 1. Denier, a painter and member of the 
Russkaya Akademiya Khudozhestv (Russian 
Academy of Arts) opened a daguerreotype 
studio in Petersburg in 1 843 and many leading 
writers and artists were photographed there. In 
the years between 1840 and 1860 the Russian 
painters L. S. Plakhov, I. N. Kramskoi, A. I. 
Kuindzhi and others took up photography as 
an art. 

The Russakaya Akademiya Khudozhestv 
in Petersburg included photography in its art 
exhibition in 1876, and in 1904 and in 1908 
organized special exhibitions of artistic photo- 
graphy. 

A. O. Karelin (1837-1906), a photographer 
in Nizhny Novgorod, is one of the leading 


figures in pre-revolutionary genre and portrait 
photography. He won a gold medal at the 
International Photographic Exhibition held in 
Edinburgh in 1880. Karelin's realistic photo- 
graphic compositions were much like the 
painting of the Peredvizhniki (a group of 
leading Russian realist painters at the end of 
the nineteenth century). He was one of the first 
in Europe to use supplementary lenses for 
close-ups. 

The most outstanding craftsmen in artistic 
photography in the Soviet period include 
Y. P. Yeremin (1881-1948), who has a con- 
siderable collection of Crimean and Caucasian 
landscapes and country houses near Moscow to 
his credit. I. A. Bokhachyov (1894-1952), 
instructor in pictorial photography in the 
Vsesoyuzni Gosudarstvenni Institut Kinema- 
tografii (All-Union State Institute of Cinema- 
tography) taught many leading photographers 
and film cameramen. N. A. Petrov (1876— 
1940). Professor at the Kievski Politekhniche- 
skiinstitut (Kiev Polytechnical Institute) is also 
well known as a photographic artist, a his- 
torian and teacher. 

Magazines. Fotograf of 1864-6 was well up to 
the level of photographic science of its day. 
In the 1860’sand 70’s a number of magazines 
appeared, the most important of them being 
Fotograficheski Vestnik (Photographic News) in 
1867 and 1887-1910, Fotograficheskoye Oboz- 
reniye (Photographic Review) from 1855 to 
1879 and 1895-1902. The best Russian photo- 
graphic magazine in the second half of the 
nineteenth century was the journal Fotograf 
(The Photographer), the organ of the fifth 
(photographic) section of the Russian Technical 
Society (1880-4). 

During the Soviet period there have been 
published Sovetskoye Foto (Soviet Photo) from 
1926 to 1941, and Fotograf from 1926-30, 
being the organ of the Vserossiiskoye Obsh- 
chestvo Fotografov (All Russian Photographic 
Society); Optiko-Mekhanicheskaya Promysh- 
lennost (Optico-Mechanical Industry) from 1931 
to 1939, Fotokhimicheskaya Promyshlennost 
(Photo-Chemical Industry) from 1933 to 1936, 
and Kinofotokhimicheskaya Promyshlennost 
(Cine-Photo-Chemical Industry) from 1935 to 
1941, being the organ of the Glavnoye Uprav- 
leniya Kino-promyshlennosti Vsesoyuznogo 
Komiteta po Delam Iskusstvo (Central Board 
of the Cinema Industry of the All-Union 
Committee of Art Affairs). A Zhurnal Nauchnoi 
i Prlkladnoi Fotografii (Journal of Scientific 
and Applied Photography) began publication 
in 1956. Collections of material titled Uspekhi 
Nauchnoi Fotografii (Progress in Scientific 
Photography) have been appearing since 1951. 
Books on Photography. The first book of 
photography published in 1839 was Oplsaniye 
Prakticheskogo Upotrebleniya Nastoyaschego 
Dagerrotipa ( Description of the Practical 
Utilization of Daguerreotype) and Svetopis po 
Melody gg. Talbota i Lyassena, or Tot Zhe 
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Dagerrotip v Prosteishem Vide ( Heliotype 
According to the Talbot andLaseine Methods, or 
The Same Daguerreotype in its Simplest Form). 
A. F. Grekov published in 1841 a book en- 
titled: Zhivapisets bez Kisti i Krasok Snimayu- 
shchikh Vsyakiye Izobrazheniya, Portreti, 
Lanschafti i Proch. v Nastoyaschem ikh Tsvete 
i so Vsemi Ottenkami v Neskolko Minut (The 
Painter without a Brush or Paints, taking all 
Kinds of Images, Portraits, Landscapes and so 
on, in their Natural Colour and with all their 
Shades in a Few Minutes ). 

In the years that followed, a number of 
original guides for amateurs were published. 
Scientific photography was dealt with exclu- 


sively in magazines in the pre-revolutionary 
period. 

In Soviet years, the publication of books on 
photography has grown considerably and 
covers all fields of photography and photo- 
graphic science. 

In addition to specialized titles, many pub- 
lishing houses publish large editions (100,000 
to 350,000 copies) of general guides to photo- 
graphy and popular literature for the amateur 
photographer. The work of outstanding foreign 
photographers is translated and published for 
the benefit of wide photographic circles, and 
articles from the foreign periodical press are 
also published. I.V.S. & V.A.Y.-G. 


RUTHERFURD, LEWIS MORRIS, 1816-92. 
American physicist. Photographed the Pleiades 
in 1864 with wet collodion plates, using a 
specially corrected lens. In the same year he 
constructed the first telescope, of lli ins. 


aperture, corrected for photographic rays. He 
also produced excellent diffraction gratings. 
Also, in collaboration with Seely in New York, 
produced a photograph of a solar spectrum 
two metres long. 
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SABATTIER, ARMAND, 1834-1910. French 
doctor and scientist. Described in 1862 the 
“pseudo-solarization reversal”; a negative 
image on a wet collodion plate changed to a 
positive when daylight fell on the plate during 
development. This Sabattier effect was ex- 
ploited for making positives by reversal, a 
second exposure and development being given 
after the first exposure, development and 
rinsing. 

SABATTIER EFFECT. When a partly 
developed image is briefly exposed to actinic 
light, the final developed image becomes 
reversed. This is because in areas where the 
negative image had started to form, the 
emulsion is desensitized by the oxidation 
products of development. The result is that 
the extra exposure affects only the shadow 
areas of the original negative so that the final 
image is a positive. 

This type of reversal is known as the 
Sabattier effect, after its discoverer. 

See also: Solarlzatlon. 

SAFELIGHTS. The nature of the working 
illumination in the darkroom depends on the 
sensitive material that is being handled. Most 
of the films, plates, and printing papers nor- 
mally used in photography are blind (or only 
slightly sensitive) to certain colours. So it is 
generally possible to illuminate the darkroom 
with light of a colour that does not affect the 
sensitive material in use, provided that it is 
exposed within reasonable limits of time and 
distance. 

Sensitized Materials. The following safelight 
screens are recommended for use with the 
various types of sensitive material. These 
colours may be accepted as being safe in the 
absence of any more specific recommendation 
published by the manufacturer. 

Contact printing material — paper, film, 
lantern plates, document papers, and all very 


slow, non-colour-sensitive materials: fairly 
bright yellow. 

Enlarging papers — bromide and chloro- 
bromide papers : orange or olive green. 

Orthochromatic materials — films and plates: 
ruby red. 

Panchromatic materials — all except the very 
slowest films and plates: deep green or bluish 
green. 

Very slow panchromatic materials — films 
and plates: dark green. 

X-ray materials — films and paper: light 
brown or special type of olive green. 

Process materials — plates, films, special 
lantern plates, and all fast non-colour-sensitive 
materials : dark brown or light red. 

Infra-red plates: yellow green. 

Desensitized panchromatic materials — films 
and plates: bright green. 

Fast panchromatic materials are never 
exposed to the direct safelight for more than a 
second or two ; it is standard practice to handle 
such materials by sense of touch alone in 
complete darkness. 

Screens. Safelight screens are made of dyed 
fabric, coloured celluloid or plastic, tinted glass, 
and coloured gelatin sandwiched between glass 
plates. The gelatin sandwich type is more 
reliable as the colours are more accurate. 

The screen is fixed in front of the darkroom 
lamp. There are two kinds of darkroom lamp. 
In one, the light source shines directly through 
the screen ; in the other, it shines on a reflector 
behind the screen while the direct rays are 
cut off by a baffle. Again, some darkroom 
lamps shine directly down on the work, while 
others shine on to the ceiling or wall to give 
indirect illumination. 

The power of the light source depends on the 
type of lamp and how it is used ; the safelight 
can become unsafe if the light source is too 
powerful. As a general rule, the lamp is fitted 
with the lowest power bulb that will give enough 
working illumination to eyes that have had 
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SAFELIGHT LAMPS. Left: Lamp for Indirect illumination , Co be suspended from a white-washed ceiling. Centre left: Direct overhead 
lamp; adjustable for direction. Centre right: Simple cover for amateur darkrooms; utilizes existing light fitting. Right; Shelf or 
bench lamp giving diff used indirect light from lamp behind opaque slide. Slide withdraws f or white light, 


some minutes in which to adapt themselves. 
The lamp must have good ventilation because 
the screen may change colour and become 
unsafe if it is allowed to get hot. 

The following table gives the power of 
electric light bulbs recommended for various 
types of darkroom illumination. 


POWER OF SAFELIGHT LAMPS 


Illumination 

Maximum 

w on* 

Lamp with bulb shining directly through -safe- 
light screen: 

(a) shining directly on to work not less 
then 4 feet away ... 

15 

(b) with light from lamp reflected from wall 
or ceiling not less than B feet away 

25 

Lamp with Indirect Illumination from bulb 
screened by baffle: 

(a) shining directly on to work not less than 
4 feet away 

25 

(b) with light reflected from wall or ceiling 
not less than 8 feet away 

40 


Where negatives are likely to be held in front 
of the lamp for inspection it is an advantage 
to use a safelight screen bound up with an opal 
diffusing screen. In the gelatin sandwich type 
of screen one of the sheets of glass enclosing 
the gelatin is usually opal. 

Coloured Light Sources. The light given out by 
certain light sources is restricted to a narrow 
band of frequencies. Such sources can be em- 
ployed as darkroom safelights for materials 
which are insensitive to the particular fre- 
quencies emitted. 

The principal light source of this type is the 
sodium vapour lamp which is used as a safe- 
light in large printing establishments handling 
blue-sensitive materials — e.g., document copy- 
ing and contact papers and negative materials. 

The luminous panel lighting which is pro- 
duced by applying a high voltage to a sheet of 
special phosphorus coated plastic material is 
also used as a safelight for panchromatic 
materials because of the even nature of the 
light and its characteristic faint green colour. 
The cost of the material and the operating 
voltage are so high that this lighting is only 
applicable iz Isrgs zz ~ -nercial undertakings. 


Sizes. Safelight screens are made in a range of 
standard sizes so that they can be interchanged 
in the same darkroom lamp according to the 
sensitized material being handled. The sizes 
normally available are: 


SAFELIGHT SCREEN SIZES 


Inches 

Centimetres 

(opprox.) 

5*7 

13x18 

8*10 

20 x 25 

10x12 

25 x 30 

5| circular ... 

14 


The darkroom lamps are also of standard 


sizes. 



SAFEUGHT FILTERS. Transmission curves (per cent trans- 
mission for different wavelengths of light) of safelight filters 
as used for various types of sensitive materials. A, yellow for 
chloride contact papers and contact lantern plates. B, orange 
for bromide and chlorobromide enlarging papers , normal 
lantern plates, and very slow blue-sensitive materials. C , 
brown for X-ray films. D, deep green for panchromatic 
negative materials ( for inspection only, not continuous ex- 
posure). E, deep red for orthochromotic films and plates. 
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Testing Safdights. The most satisfactory test 
for a safelight is to expose a specimen of the 
relevant sensitized material to it under working 
conditions. 

A piece of the material is laid, sensitized side 
up, on the darkroom bench with a small opaque 
object — e.g., a coin, lying on it. The dark- 
room lamp is then switched on for about twice 
as long as the material would normally be 
exposed to it — from the moment of opening 
the packet to the end of development. 

The material is developed for the normal 
time well away from the safelight and then 
fixed and examined by white light. 

If the light is not safe, the shape of the test 
object will stand out lighter in tone than the 
surrounding emulsion. In that case the lamp 
must be fitted with a less powerf ul bulb, or a 
deeper screen, or moved farther away from the 
work bench. 

This method of testing does not reproduce 
the working conditions exactly because the 
actual print has already been exposed and is 
therefore more sensitive to further unsafe 
light than the fresh test piece. So the test tends 
to be optimistic. This is why the test piece 
should be left for at least twice the normal 
period that the printing paper is exposed to the 
safelight. F.P. 

See also: Filters; Spectral sensitivity. 

SAFETY FILM. Negative or positive film 
support which is not readily inflammable. 
Usually consists of cellulose acetate and is 
increasingly replacing the highly inflammable 
cellulose nitrate film in amateur photography. 

See also : Supports for emulsions. 

SAL-AMMONIAC. Another name for am- 
monium chloride; constituent of some high 
speed fixers. 

SALON. Exhibition which, in photography, is 
usually of international status. The recom- 
mendations made by at least one national 
photographic organization state that, for an 
exhibition to be called a salon, it must allow 
entries from anyone (i.e., is an “open” exhibi- 
tion, not confined to members of one society) 
and should be held in a suitable public building 
such as an art gallery. 

SALT. Term in general use for sodium chloride 
(common salt). 

In chemistry: the name for the class of 
compound produced by the reaction of an acid 
with a metal or molecular group of similar 
characteristics to a metal — e.g., silver nitrate 
is the salt of silver produced by the action of 
nitric acid on metallic silver. 

SALTED PAPERS. Old term for papers 
sensitized by the user. Their appeal lay in the 
fact that they allowed the photographer to use 
papers of a special type and surface, like 


SC A 

Whatman paper and other hand-made artists’ 
papers. 

The paper was first coated with a solution of 
common salt and gelatin in water. It was then 
sensitized in a silver nitrate solution and dried 
in the dark. The sensitized paper was then 
exposed under the negative in daylight to give a 
visible image. This was toned in a bath of 
potassium chloro-platinate, fixed in hypo, and 
washed. 

See also: Fabric printing; Obsolete printing processes. 

SATURATED SOLUTION. Any liquid con- 
taining the maximum amount of a substance 
that can be dissolved in it. The amount required 
to produce saturation depends upon the 
temperature of the solution. 

SCALE. In a photograph, the relation be- 
tween the size of the subject and the size of 
the negative image. If a doorway 7 feet high is 
reproduced as an image } in. high on the 
negative, the scale of the image is (7 x 12x4) 

: 1 ora reduction of 336 : 1. 

In an enlargement, the scale is the relation 
between the size of the negative image and the 
size of the enlargement. If a negative 2£ Ins. 
square is enlarged to fill the long side of a print 
6} x 8$, the scale of the enlargement is 21 : 8 J, 
or9 : 34 or a magnification of approximately 
1 : 4 (usually written, 4x). 

When the subject and image are equal in 
size — e.g., in document copying — the scale is 
usually indicated as s/s (same size). 

In all these cases the scale of enlargement 
or reduction is a linear one; in terms of area, 
the linear scale has to be squared. For instance 
a linear magnification of 4x is equal to an 
area magnification of 1 6 x . 

See also: Magnification; Optical calculations; Scaling for 
reproduction. 

SCALES. Instrument for weighing chemicals, 
etc. Actually a scale is a dish or pan on such an 
instrument, but the plural term is commonly 
used to indicate the complete apparatus 
whether it uses one or two pans. 

See also: Balances and scales. 

SCALING FOR REPRODUCTION. In the 
photo-mechanical reproduction of photographs 
there is inevitably some loss of detail whatever 
process is used. To offset this loss as far as 
possible it is advisable for the process engraver 
to work from a photograph larger than the 
size of the proposed reproduction. The size of 
reproduction is often limited by the width of 
the printer’s column. It is therefore necessary 
to have some convenient means of scaling 
down the photograph which will indicate the 
actual size at which it will reproduce within 
the limitations of the printing process. 

When a photograph is scaled down, all 
dimensions of the original are reduced in the 
same proportion, and it often happens that the 
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SCALING BY DIAGONAL METHOD. To determine to what size 
an original will reduce or enlarge, a diagonal is drawn through 
the required portion. This is then also the diagonal of any other 
rectangle with the same proportions. On measuring any 
required width from the edge of the original to the diagonal, 
the depth from that point is the corresponding depth in pro- 
portion to the measured width. 

result cannot be made to fit the printer’s 
requirements without losing some part of the 
original photograph. Such a situation arises 
when, for example, a photograph measuring 
6x8 ins. is required to measure 4x6 
ins. in the reproduction. This is an impossi- 
bility, for one dimension is required at three- 
quarters original size and the other at two- 
thirds. Possible dimensions are, amongst 
others, 4J x 6 ins. or 4 x 5 J ins., so that 
in either case some portion of the original 
will have to be trimmed off. In many instances, 
of course, such trimming can be done without 
impairing the picture, but in any event it is still 
necessary to mark the photograph clearly but 
without damaging it. 

Scaling by Diagonal. The best-known way of 
scaling rectangular illustrations is by the 
diagonal method. It is only necessary to draw 
a rectangle the same size as the original photo- 
graph and rule in the diagonal. This diagonal 
is also the diagonal of any other rectangle, 
larger or smaller, of the same proportions. It 
is therefore only necessary to take a set square 
and measure off the width of the required re- 
production from the edge of the original to the 
diagonal. The corresponding depth of the 
reproduction can then be directly read off at 
right angles. 

By using the diagonal principle in reverse and 
working back from the proportions of the 
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reproduction, one can ascertain how much of 
an original must be trimmed off so that it can 
be reproduced in the required size. This is best 
done by scaling up the reproduction propor- 
tions on a piece of tracing paper. When this 
is laid over the original it will at once show 
the portion to be trimmed. 

If the photograph is not rectangular, or if a 
portion is to be cut out — e.g., for insertion of a 
caption — the principle is difficult to apply, 
and it is better to use one of the alternative 
methods. 

Norman’s Rule. This method involves the use 
of a scale of equal units of length drawn on a 
strip of elastic and held in a simple frame so 
that it may be stretched to any desired length 
and held there. One side of the elastic may con- 
veniently be marked in | in. divisions and the 
other in li in. divisions by holding the un- 
stretched elastic along a foot rule and making 
marks on both sides at the required intervals. 
The short divisions may be used for propor- 
tions around the same size and the longer ones 
for reductions to avoid stretching the elastic 
unduly. 

To use the rule, the elastic is stretched until 
the original apparently measures the correct 
size required according to the rule. If the setting 
of the rule is not altered, all other dimensions 
of the original can then be measured off against 
the expanded rule, the resulting readings being 
in the correct proportion. Thus if a 6 x 8 
ins. photograph is required for reproduction 
at approximately 4x6 ins., the rule is stretched 
so that the longer dimension apparently 
measures 6 ins., the shorter dimension, on 
being measured against the expanded rule, 
will then be found to be 4J ins. long. 

The great value of this method is that it 
shows at once just how much of the picture 
must be trimmed off to obtain the 4 ins. 
depth, and alternatively how much will be 
included if it is decided that the reproduction 
for instance can be 4£ ins. deep. 

Another advantage of Norman’s rule is that 
it can be used to discover how many pictures 
of a batch will “go together’’; that is, how 
many of them it will be possible to reproduce 
at the same scale so that they can be processed 
together and afterwards separated into indi- 
vidual printing images. Such a set of subjects, 
mounted together, is sent to the blockmaker 
marked “photo together and separate” and 
can thus be put through at a lower charge than 
would apply if the pictures were reproduced 
individually. The pictures which are required 
at the same scale are found by first scaling one 
with the rule, then any others which measure 
their required size without altering the rule can 
be photographed together with the first. 

The different lengths of the units on either 
side of the elastic rule make it possible to deal 
with any scale from enlargements to consider- 
able reductions. The longer divisions stretch 
out to give even bigger units, and so deal with 
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reductions, while the shorter divisions deal 
with slight enlargements and scales around 
same size. For scales beyond the scope of the 
rule it is easy to read two inches as one, or 
vice versa for enlargements. 

The only drawback of Norman’s Rule is 
that it is not absolutely accurate. However one 
can size up a job to within about re-inch, 
which is close enough for most purposes. When 
the elastic becomes wom, it can easily be 
replaced. 

Slide Rule. A slide rule provides an easy and 
completely accurate scaling device which in 
addition indicates the percentage scale of 
reproduction. On most slide rules reproduction 
sizes are, however, given in the decimal system 
but it is possible to obtain special slide rules 
marked in the more convenient inches, eighths 
and sixteenths, and in printers’ 12 point ems. 
Computer Disc. A computer disc, consisting of 
two concentric scales rotating independently 
on the common centre, may be used instead of 
a slide rule. The outer disc is calibrated 
for the original size, the inner for the repro- 
duction size, and a scale number pointer is 
provided on the former indicating the per- 
centage magnification. To use the computer 
disc, the actual width (or depth) of the original 
is set on the outer scale against the desired 
width (or depth) on the reproduction scale. All 
other readings are then in proportion, and the 
percentage magnification is indicated on the 
scale by the pointer. 

The percentage magnification value has two 
important applications. If several photographs 
are to be reproduced, all those with the same 
percentage value can be placed in the process 
camera at one time, with a corresponding 
saving in time and cost. Many modern process 
cameras are scaled directly in percentages and 
provided with automatic focusing, so that it is 
only necessary to pre-set the instrument to the 
required percentage figure and all calculation is 
eliminated. 

Scaling Rule. At least one special scaling rule 
is available for calculating the relative dimen- 
sions of original and reproduction. There is a 
duralumin rule of the slide rule type with two 
adjustable pointers. One pointer is set to a 
dimension of the picture and the other to the 
size required. This sets the rule for the parti- 
cular scale of reproduction so that when the 
first pointer is moved to the length of the other 
dimension the rule indicates what size it will 
be when reproduced to that scale. The rule 
covers any sizes from 1 to 150 (inches or 
centimetres) ; it indicates the percentage magni- 
fication and it can also be used for calculating 
the size required to give a certain fraction of the 
area of the original picture or the dimensions 
which will produce a stated area. 

Marking up Prints. The safest procedure, to 
avoid damaging the face of the print, is to mark 
the back of the print with ink and a brush. 
Alternatively, a piece of tracing paper stuck 


along the top back edge and folded over the 
front is useful for indicating the portion to 
be included and the size. On no account should 
a ball pen be used f or either writing or marking 
up on either front or back of the print, as the 
resulting marks can never be erased and will 
show up in reproduction. Instructions to the 
process engraver may be lightly written on the 
back of the print with a soft pencil; this is 
safer than writing them elsewhere, as they 
cannot then get lost. 

If the whole picture is to be reproduced it is 
often sufficient to write “reduce to X inches 
wide” so as to conform to the particular 
column width, and leave the depth to work out 
in proportion. Very often the depth of a block 
does not matter within reasonable limits, as a 
fraction of an inch one way or another can 
be taken up by leading the text above or below 
at the make-up stage. 

Marking up Transparencies. On no account 
should marks be made on the transparency. 

The best way with any transparency, mono- 
chrome or colour, positive or negative, is to 
make a simple bromide print from it, pre- 
ferably to the required size, and to indicate 
precisely what is required on the print. Whether 
the print is negative or positive, and whether 
the tone-values are falsified by the lack of 
colour sensitivity of the bromide paper, is of 



NORMAN’S RULE. The rule is marked out on elastic held in a 
frame which can be stretched in use. For scaling, the rule is 
extended until the original apparently measures the correct 
size in one direction. If the setting of the rule is not altered, all 
other dimensions of the original will measure the size to which 
they will reproduce at the set proportion. 
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no Importance, as photo-engravers are accus- 
tomed to such effects and they will of course 
make the reproductions from the transparency 
itself. 

If the whole of the picture is to be included in 
the reproduction, the dimensions can be stated 
on the envelope enclosing the transparency, 
but very often it is necessary to indicate the 
portion of the picture to be reproduced. This 
can be done by cutting a paper or card mask 
and taping the transparency upon it, but it 
has to be removed for the reproduction work 
(and probably colour-masking); it is also 
particularly inconvenient with a miniature 
transparency. F.H.S. 

See also: Photomechanical reproduction; Reproduction 
quality. 

Book: Photographs and the Printer, by F. H. Smith 
(London). 

SCHEELE, CARL WILHELM, 1742-86. 
Swedish apothecary and chemist. In 1777 he 
discovered that the blackening of silver 
chloride was due to the reducing action of light, 
and that the black deposit was reduced silver. 
He also noted that silver chloride blackened 
more easily in the violet end of the spectrum 
than in other colours, but was not influenced 
by heat rays. He was the first to name the 
ultra-violet and most refrangible rays of the 
spectrum the “chemical rays”. Also discovered 
that ammonia was a solvent for silver chloride 
that had not been affected by light. 

SCHEINER, JULIUS, 1858-1913. German 
astronomer and professor of astrophysics in 
Berlin. Described a sector-wheel sensitometer 
using a benzine lamp (1894); an improved 
version was proposed by Eder in 1898. The 
Scheiner sensitometer scale, reduced to candle 
power per second per metre and starting with 
the threshold value, was largely used in 
Germany and Austria for film speed measure- 
ment until replaced there by the DIN scale. 

SCHEINER SPEED. Logarithmic system of 
rating the speed of negative materials, intro- 
duced by Julius Scheiner. 

The Scheiner speed is derived from the 
formula: speed = C — (10 x log Exposure) 
where C is an arbitrary constant and the 
exposure is the least that will produce a visible 
image on development. 

This system, in which the speed of the 
emulsion is expressed in degrees— e.g., 32° 
Sch. — gives an artificially high rating to the 
type of emulsion which has a characteristic 
curve with a very long toe. 

See also: Speed of sensitized materials. 

SCHINZEL, KARL, 1886-1951. Austrian 
scientist. Inventor of numerous colour photo- 
graphy processes (250 patents). Lived in a small 
town in Moravia and worked during most of 
his life without any contacts or assistance from 


outside. He started in 1 905 with work on the 
three-colour Katachromie process on mono- 
pack material and put forward many original 
and fruitful ideas on subtractive colour photo- 
graphy processes ; lost his chance, however, by 
publishing them too late. Later consultant to 
the Eastman Kodak Company. 

SCHLIEREN PHOTOGRAPHY. Schlieren is 
a German word meaning streaks or striations. 
It is applied to a class of optical systems which 
make it possible to see small local changes of 
refractive index or thickness in transparent 
media. Schlieren systems are refined methods 
for observing those disturbances which in 
everyday life are seen by virtue of the apparent 
distortion of the background — e.g., warm air 
over stoves or imperfections in glass windows. 

Many variations of the system are applied to 
problems such as the flow of air at high speed 
past aircraft wings and bodies in wind-tunnels 
and in flight, the flow of heated or cooled 
gases and liquids, the mixing of different gases 
and liquids, the movement of sound waves, and 
the examination of glass. The great value of 
seeing what is invisible to the naked eye is 
obvious: that it can be done with simple 
optical systems is not as well known as it 
should be considering that Toepler and Mach 
knew how to apply them almost a century ago. 
Typical Arrangement. A typical system for 
Schlieren photography may employ a parallel 
beam of light formed by a small source at the 
focus of a lens or spherical mirror. This passes 
through the transparent object and is brought 
to a focus again by a similar lens or mirror. 
Part of this image is obscured, or cut-off, by a 
knife edge and the light which passes falls on a 
screen on which the image of the transparent 
object is focused by an auxiliary lens. If any 
part of the light is deflected in a direction at 
right angles to the knife-edge by refractive 
index gradients or differences in thickness in 
the object, the image of the source at the knife- 
edge will be displaced in that direction. More 
or less light will pass over the knife-edge, and 
corresponding areas of the image on the 
screen will lighten or darken in proportion to 
the displacement (so long as it does not exceed 
the extent of the image source). Thus the refrac- 
tive index gradients in the object are repre- 
sented in light and shade in the picture on the 
screen, which con then be photographed. 

In many cases it is the density variations in 
the medium which are of interest and, foi- 
tunately, the density (d) and the refractive index 
(n) are simply related : 

n* - 1 1 

. , , x -r = a constant 

n* + 2 d 

or, when n is near unity 

n — 1 , , 

— - a constant 

d 
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The image can thus be easily interpreted as a 
picture of a density field. 

The use for visualizing high speed airflow 
often requires very short exposure times which 
are best obtained with spark light sources: 
exposure times of a few ten-millionths of a 
second are possible. The images are characteris- 
tically of low contrast and a compromise be- 
tween speed and contrast in the photographic 
material is necessary. 

Special Methods. Schlieren systems are used 
most often for obtaining a qualitative picture, 
but it is possible to obtain quantitive results in 
certain cases by relating the change of illu- 
mination in the picture with the deflection pro- 
duced in the object, and thus to the refractive 
index gradient. Practical difficulties have 
limited the usefulness of these methods. 

By using a multi-coloured filter instead of a 
knife-edge it is possible to obtain a picture in 
which the different refractive index gradients 
are represented by different colours of the 
spectrum. Similar results can be achieved with 
a dispersing prism in front of the source and a 
slit in place of a knife-edge. 

It is also possible to achieve special effects by 
suitable choice of the type of knife-edge or 
filter arrangement and many such systems have 
been described. R.J.N. 

Book: Progress in Photography (2 vols.), cd. by D. A. 
Spencer (London). 

SCHLIPPE’S SALT. Constituent of some 
intensifiers and toners. Another name for 
sodium thioantimoniate. 

SCHMIDT CAMERA. Astronomical camera 
practically free from chromatic aberrations. It 
was developed about 1931 by Bernhard Schmidt, 
maker of reflecting telescope mirrors. The 
camera, rather like a reflecting telescope, uses 
a spherical mirror instead of a lens and has a 
thin aspherical glass corrector plate placed in 
front of the mirror at its centre of curvature. 
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SCHMIDT CAMERA. The essential components are : A. 
corrector plate; B, film plane; C, mirror. The image is formed 
on the sensitive film by the spherical mirror. A stop in the centre 
of curvature restricts the width of the beam and ensures equal 
reflection at all angles. The only aberration is spherical aber- 
ration, , which is corrected by deforming the incident rays by 
means of an aspheric corrector plate. The plate is placed in 
the centre of the curvature of the mirror. 


The corrector plate has one plane surface 
while the other is slightly convex around the 
centre and slightly concave at its rim. Its 
purpose is to deform the path of incident light 
rays from an object at infinity — e.g., an astro- 
nomical body — to compensate for the spherical 
aberration of the mirror. 

The image from the mirror is formed on a 
spherical sensitized surface. This is placed 
halfway between the mirror and its centre of 
curvature. Schmidt cameras or cameras of a 
similar type are now widely used by observa- 
tories — including the Mt. Palomar observa- 
tory where a 48 ins. aperture Schmidt camera 
has been used for a complete survey of the sky, 
comprising about 1,800 exposures. 

See also: Lens history; Mirror lens. 

SCHOOL. In photography, as in art, a term 
applied to a group of workers who share the 
same aims and techniques or whose style 
and technique exhibits strong national or 
cultural similarities. 

SCHOOL PHOTOGRAPHY. Photography is 
associated with school life in three principal 
ways : it can be taught as a creative hobby, it 
can be used by teachers and pupils for record- 
ing school activities, and many commercial 
photographers make a profitable business or 
sideline of taking official photographs of school 
classes, teams and similar groups. 

There are many sound reasons for teaching 
photography to boys and girls at school. It is an 
excellent introduction to artistic appreciation; 
it is a practical demonstration of the laws of 
optics, and the preparation and use of pro- 
cessing solutions gives scope for budding 
chemists. 

By no means the least important reason for 
encouraging children to take up photography 
is that a schoolchild who takes the right kind 
of photograph is laying up for himself a store 
of memories f or the future. 

Instruction is best carried out through a 
school photographic club, the minimum 
requirements being a knowledgeable and en- 
thusiastic leader, and some f unds with which to 
buy essentials such as a safelight, printing 
frame, and dishes. 

If a darkroom equipped with an enlarger is 
available the value and interest of the club is 
considerably enhanced. There will be no lack 
of premises for meetings. 

Suitable Cameras. Beginners should start with 
a simple, robust camera taking standard roll 
film and giving either eight or twelve exposures 
per reel. If possible, the lens should have a focus- 
ing movement and an iris diaphragm, and the 
shutter be provided with variable speeds. A 
large waist-level viewfinder, such as that fitted 
to many cameras yielding negatives 2 ± insl 
square, is more likely to produce a good propor- 
tion of results than the more common eye*- 
level type, which frequently reduces the scale 
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of the image considerably and is rarely fully 
reliable, especially at close range. 

In spite of its obvious attractions, particu- 
larly in relation to colour photography, the 
miniature camera using 35 mm. film is not 
suitable for children. The negatives need 
considerable enlarging, general manipulation 
of the camera occasionally needs special 
care, especially where precision instruments 
are concerned, and processing technique 
throughout is much too critical for young 
beginners. 

Choosing Subjects. Young people need guidance 
in choice of subjects. Their natural tendency is 
to snap off the camera on things which seem 
exciting and novel to them, such as racing cars, 
aeroplanes and other moving objects. Not only 
are simple cameras unsuitable for such work 
even in expert hands; such subjects will lose 
all interest as the photographer grows up. 
School children should on the contrary be 
taught to find their subjects among the inci- 
dents of their everyday lives. These may not 
seem worth recording at the time, but the 
photographs will appreciate in value as the 
years go by. 

They will find plenty of material inside and 
outside the classroom and many interesting 
records to make of the various activities of their 
classmates and themselves. In particular they 
should be encouraged to tackle interiors and 
thus leam how to estimate and use brief time 
exposures. 

Any temptation to use flash as a short cut to 
correct exposure should be resisted until the 
basic principles of exposure calculating in day- 
light are understood. 

Young photographers can obtain much in- 
struction and encouragement from studying 
good photographic work. This should take the 
form of actual prints, not merely half-tone 
reproductions, good though the latter may be. 
They should also be encouraged to follow the 
progress of their contemporaries studying the 
other graphic arts. In this way they will learn 
the essential unity of all art. If they have these 
opportunities of study, schoolchildren will 
soon grasp the easier conceptions of good 
composition and the need to avoid unbalanced 
arrangements, competing interests and dis- 
tracting backgrounds. 

A pair of L-shaped guides is a most useful 
tool for instruction in trimming to improve 
composition. 

Darkroom Work. Any small room which can 
be effectively darkened is adequate for loading 
tanks and cassettes, but for proper instruction 
in darkroom technique a good-sized room is 
needed. 

It should have ventilation that is unaffected 
when doors and windows are sealed, also 
electricity, water and drainage. 

Instruction in processing should begin with 
contact printing in a box-type printer. After 
that the pupils can tackle film developing (with 


ready made-up solutions or powders); and 
next enlarging to one fixed size, e.g., postcard. 
Film developing can be carried out in one of 
the many excellent developing tanks; pupils 
should practise loading the tank with an un- 
wanted film until they can handle the appara- 
tus in total darkness. It is wise to use a com- 
mercially made developer with the appropriate 
time and temperature tables; those who wish 
to make up solutions from their own formulae 
should first experiment with developers for 
prints or lantern slides, where the developing 
process can be visually inspected. 

Scrupulous cleanliness should be insisted on, 
and the need for avoiding contamination of 
one solution by another explained and demon- 
strated. The children should be taught to use 
print paddles and tweezers as much as possible 
and to avoid immersing their fingers in solu- 
tions. Failure to do so may result in irritation 
or poisoning among those with sensitive skins. 

In the darkroom special care is needed to 
guard against electric shocks and short cir- 
cuits, as these may have serious consequences. 
All electrical equipment should be earthed 
and there should be proper fuses and an 
accessible master switch. On no account 
should any switch or plug be so placed as to 
be within reach of anyone standing beside a 
water pipe. The water supply should have a 
stop cock. A fire extinguisher is an essential 
item. 

Apparatus. There are many items of photo- 
graphic equipment which can be made up by 
the handyman and will give as good service as 
those in the shops at a fraction of the cost. 
Every encouragement should be given for their 
construction. They include: albums, camera 
cases, darkroom lamps, enlargers, filter 
holders, flash-guns, lens-hoods, picture frames, 
tripods and weights and measures. 

School children should be taught from the 
outset to take special care of their equipment. 
As most things will inevitably get dropped 
sooner or later, specially fragile items such as 
cameras, liquid measures and dishes should be 
carefully chosen with this in mind. The cameras 
themselves should be of diecast metal rather 
than thin sheet metal or plastic. They should 
always be kept in a stout case; this need not be 
expensive, but can be home-made in wood. 
Dishes should be unbreakable and liquid 
measures of transparent plastic. 

Colour Photography. There are many applica- 
tions for colour photography in school, and 
the filmstrip or slide projectors with which 
many schools are nowadays equipped pro- 
vide an admirable means of displaying colour 
photographs taken by staff or pupils. 

Colour materials are available in the popular 
miniature 35 mm. and No. 120 roll film sizes, 
and transparencies in 24 x 36 mm. and 2i x 
2J ins. formats can easily be mounted for pro- 
jection. Reversal film yields a direct positive 
and is the most economical means of obtaining 
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a slide for projection; projected slides also 
usually give the most brilliant and faithful 
colour rendering. If duplicate colour slides 
and/or paper prints are required, the exposure 
is best made on negative film. 

Projectors are designed for either 3£ x 3 J 
ins., 2\ x 2\ ins. or 2 x 2 ins. slides, or for 
film strips in the 35 mm. (full or half frame 
size). Adapters are available to enable the 
smaller gauge pictures to be projected in the 
larger projectors. 

As exposure in colour photography is much 
more critical than in monochrome, those about 
to embark on it for the first time should learn 
how to use an exposure meter. 

Record Photography. The teacher will find the 
camera an unrivalled tool for recording school 
activities of all kinds. A roll film camera with 
focusing lens of /4-5 aperture or larger will 
give good results for most purposes. The minia- 
ture camera for 35 mm. film, with /3-5 or 
larger aperture lens, is the ideal instrument, 
provided that the user avoids camera shake 
and takes special care in handling and pro- 
cessing films. With a miniature it is often 
possible to take classroom interiors without 
special lighting at instantaneous shutter 
speeds and with sufficient depth of field. A 
firm tripod is highly desirable for all types of 
camera, and flash equipment is valuable 
though not essential. 

Examples of school record work are: 
staff; pupils — new entrants, leavers, houses, 
prefects; events — sport, excursions, dramatics, 
exhibitions of pupils’ work. 

Commercial Photography. According to the 
subject, the equipment needed for commercial 
photography in schools varies very consider- 
ably. Groups of the whole school usually call 
for a rotating type panoramic camera. This 
work is highly specialized and is mainly in the 
hands of a few firms who possess the necessary 
apparatus and experienced operators. 

Smaller groups, such as teams, classes and 
houses are best taken with a plate camera if 
large prints are required for mounting and 
framing. But if enlargements up to 6i x 8i 
ins. are adequate, smaller negatives, includ- 
ing the miniature size, can be used. 

The school group photographer must be 
prepared to work under unfavourable condi- 
tions and in limited time. As conditions cannot 
always be predicted, it is an advantage to have 
lenses of different focal length available. To 
keep exposures short, flash equipment is 
often essential, and at least one extension 
flash unit will be needed. 

Permission to work on school premises can 
in most cases be granted by principals, who 
will expect a copy of each group taken. Some 
teachers allow individual portrait work on 
their premises. 

To obviate the long delays which are com- 
mon on school orders, and fatal to interest and 
good business, it is most desirable to deliver 


finished prints within one week of taking. As 
an alternative to the usual procedure whereby 
proofs are first submitted, then orders taken, 
some workers make an advance estimate of the 
demand, and aim to produce a number of 
finished prints in the shortest possible time, 
supplying them on a sale or return basis. 

If a large number of individual portraits are 
required, and first quality is not essential, it is 
possible to photograph two or three sitters at 
a time with a miniature camera against an 
improvised background outdoors. 

All the negatives can then be printed and 
the results supplied on sale or return. The cost 
of material would in this case be a minor 
factor. 

Interesting film strips can sometimes be pre- 
pared by re-photographing groups on 35 mm. 
film and making positives by reversal or con- 
tact printing. In such cases it is of course im- 
portant to ascertain the frame size of the film 
strip projector in use at the school. M.K.K. 

See also: Groups ; Visual aids. 

Books: Filmstrip and Slide Projection, by M. K. Kidd and 
C. W. Long (London); Group Photography, by G. Catling 
(London); Making Lantern Slides and Filmstrips, by C. D, 
Milner (London); Photography at School and College, 
by M. K. Kidd (London). 

SCHULZE, JOHANN HEINRICH, 1687- 
1744. German chemist and natural philosopher. 
In 1725, discovered that light, though not heat, 
could darken a solution of chalk moistened with 
silver nitrate; in this way he produced imper- 
manent contact copies from stencils. Bio- 
graphy by J. M. Eder (Vienna 1907). 

SCHUMANN PLATE. Photographic plate 
containing an emulsion with very little gelatin 
so that the silver halide grains actually pro- 
trude above the emulsion surface. Used by 
V. Schumann for photography in the far ultra- 
violet region (below 2,300 A) where the ultra- 
violet absorption of gelatin would make 
photography with a normal type of material 
impossible. 

SCHWARZSCHILD, KARL, 1873-1916. 
German astronomer. Formulated the deviation 
from the Bunsen-Roscoe reciprocity law in the 
case of densities obtained by intermittent 
exposures (Schwarzschild effect, 1899-1900). 
His assistant E. Kron gave this theory of 
density a stricter mathematical formulation in 
1913. 

SCHWARZSCHILD’S LAW. Law formu- 
lated by K. Schwarzschild which states that the 
exposure effect on a photographic emulsion 
is proportional to / x tp, where I is the in- 
tensity of the exposing light, t, the exposure 
time, and p, a constant. This is an attempt to 
formulate reciprocity failure quantitatively, 
but it has been found that the value of p is 
constant only over small ranges of fight 
intensity. 
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SCIENCE AND PHOTOGRAPHY 


Scientific research is based on observations. 
Observations lead to the establishment of 
facts. Facts are grouped together to form 
theories or hypotheses and hypotheses are 
tested by further observations. 

While observations can be made by means of 
any of the senses, the use of the sense of sight 
for this purpose is overwhelming. Whether it 
be the reading of the scale of a meter, the 
graduations on a burette or the change of 
colour of an indicator, the sense of sight alone 
is employed. It is true that the sense of smell 
is occasionally used to detect the presence of a 
chemical substance, the sense of hearing is 
sometimes useful, and touch plays an im- 
portant but usually subsidiary part in many 
kinds of work, but no one would dispute the 
supreme position of the sense of sight in 
making scientific observations. 

The human eye is a very remarkable instru- 
ment consisting as it does of a lens of variable 
focal length, an iris diaphragm automatically 
responding to the lighting conditions and a 
retina capable of presenting the brain with all 
the information necessary to analyse an image 
in colour. The retina is also capable of varying 
its sensitivity over quite a remarkable range. 

The photographic camera is an instrument 
similar to the eye, comprising a lens, an iris 
diaphragm and a “retina” consisting of the 
photo-sensitive surface. Sharp focus is achieved 
in the camera by altering the position of the 
lens instead of its focal length; the iris is 
usually manually operated for convenience 
though it would be quite easy to make it 
respond automatically, according to the pre- 
vailing light intensity; and the photo-sensitive 
surface can vary in sensitivity also over a very 
wide range. It is not, however, safe to push the 
analogy too far; for instance the retina of the 
eye is responsive to the brightness of the subject 
viewed, whereas the photo-sensitive surface is 
responsive to the brightness multiplied by the 
time of exposure. Thus, if an object is not 
bright enough to be seen, it is of no help to 
stare at it for a long time, but an object not 
bright enough to be recorded on a film in 
1 second may be recorded in all its detail by 
an exposure of 100 seconds. This is a funda- 
mental and sometimes valuable difference as 
will be seen later. 

In view of the use of the sense of sight in 
making observations it is hardly surprising 
that a process which is sensitive to light is of 
great value in research. Furthermore, since 
the photographic process in conjunction with 
a lens produces an instrument which has many 
points of similarity with the human eye, the 
camera may produce a result of a familiar and 
therefore easily interpretable form. In fact the 
camera can be looked upon as an extension of 
or aid to the eye in much the same way as a 
telescope can be so regarded. 


The photographic process provides an 
extension of the faculties of the eye, for example 
by virtue of its sensitivity to ultra-violet light 
and X-rays; and it helps the eye by providing 
an image, similar to that produced by the eye, 
of an event which may be invisible to the eye 
or transitory. 

The camera can never be a substitute for the 
eye since the eye will always be needed to 
interpret the result, but certain features of the 
photographic process make it a most valuable 
tool in research and an examination of the 
most important of these features will illustrate 
why photography is used in such a wide range 
of fields of work. 

Permanent Records. Perhaps the most impor- 
tant feature of photography is its ability tc 
produce a permanent two-dimensional record 
of an event. Though in most cases the eye car 
observe the same event it is often not possible 
for the eye to take in all the important feature; 
and it is difficult for it to make rapid anc 
accurate measurements of the relative posi- 
tions of objects. 

Perhaps the commonest example of this i; 
spectroscopy, the measurement of the wave 
lengths of the light emitted by the excitet 
atoms or molecules of a substance. It is trut 
that the eye can see the spectral lines as pro- 
duced by a spectroscope, at least in the range 
of the visible spectrum; and by the use of a 
suitable graticule in the optical system the 
relative positions can be measured. But this 
can become very laborious, and quantitative 
analysis which depends on the relative amounts 
of energy of the lines would be well-nigh im- 
possible visually. 

In research on the behaviour of aircraft it is 
frequently necessary to employ a very large 
number of instruments in the aircraft and 
determine how their readings vary during 
certain flight manoeuvres. It would in most 
cases be quite impossible to write down the 
readings by direct observation at sufficiently 
frequent intervals to be of use. Photography, 
however, produces a permanent record for 
examination at leisure and the interval between 
photographs can be made as short as is 
necessary for the purpose in hand. 

Straightforward photography from the air 
has been of great value in archaeological 
research. Air photographs taken under suit- 
able conditions can reveal features of ancient 
settlements which are often quite invisible on 
the ground. In this way not only are new sites 
discovered, but the ground plans of known 
sites which can be obtained in detail and to 
scale are invaluable in subsequent excavation. 
Spectral Sensitivity. The permanent photo- 
graphic record which can be studied at leisure 
and in detail is of value in nearly all applica- 
tions of photography and is often used in con- 
junction with other features. For example. 
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spectrography usually makes use of the ex* 
tended range of wavelengths to which the 
photographic process is sensitive. To confine 
spectrography to the visible spectrum would be 
a very serious limitation. In fact the ultra- 
violet region is of much greater general 
importance and is a region to which the eye 
is completely insensitive. 

Photography is commonly used for ultra- 
violet spectrography, a technique of immense 
value for the quantitative analysis of metal 
alloys in which very small quantities of a 
metal may be present. 

The photographic material can be made 
sensitive to all wavelengths of electro-magnetic 
radiation from the infra-red to y-rays. The 
sensitivity, of course, varies a good deal over 
this range. In some regions the absorption is 
so high that only the surface layer of grains is 
affected, so producing a low density (ultra- 
violet), and in other regions the absorption is 
so low that long exposures are usually neces- 
sary to produce an adequate density (y-rays). 

In addition to sensitivity to this very wide 
range the photo-sensitive surface is affected by 
bombardment with charged particles such as 
electrons and this fact is made use of in the 
electron microscope. The electron microscope 
is similar to the optical microscope except 
that electrons are used in place of light (this, 
of course, necessitates the use of magnetic or 
electro-static lenses instead of glass). It has the 
advantage that a much greater resolving power 
is possible owing to the effectively very short 
wavelength of the electrons. The photographic 
material is sensitive to high speed electrons and 
is used to record the image in much the same 
way as it does in the optical photomicrograph. 
The electron microscope has only been 
developed into a practicable tool compara- 
tively recently and has raised the maximum 
useful magnification by a factor of at least 
one hundred times compared with the visual 
microscope. Though the electron image can 
be made visible by means of a fluorescent 
screen, photography plays an essential part 
in the use of the electron microscope. 

Integration of Light. Apart from colour the 
eye distinguishes objects by virtue of differ- 
ences in brightness. The effect on the retina is a 
function of the brightness of the object and 
not of the time for which it is observed. The 
effect on the photo-sensitive surface in the 
camera is a function of both the brightness of 
the object and the time during which it is 
exposed. 

If the brightness of an object is gradually 
reduced there comes a time when the eye can 
no longer see the object in spite of the enor- 
mous increase in sensitivity which takes place 
in the retina on dark adaptation. With the 
photo-sensitive material, however, reduction 
in brightness can be approximately com- 
pensated by an increase in exposure time and 
in this way details can be recorded that are 
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invisible to the eye by reason of their very low 
brightness. 

The adjustment of the exposure to com- 
pensate for the brightness of the subject is 
commonly used in photography throughout 
nearly all applications from the snapshot up- 
wards. However, in the field of astronomy it 
has been carried to such an extreme that 
images of stars and nebulae formed by large 
telescopes have been recorded photographically 
by means of extremely long exposures where 
the amount of light reaching the earth is so 
small that the stars or nebulae from which it 
originates cannot be seen by the eye even 
aided by the same telescope. Furthermore, the 
light from these bodies can be spread into a 
spectrum and recorded photographically to 
yield, for example, information on the velocity 
with which the distant nebulae appear to be 
receding f rom the earth. 

At the other extreme, photography can 
record events in an extremely short time if the 
intensity of light is sufficient. This may be 
utilized to record events which are of extremely 
short duration such as lightning strokes, traces 
on the face of cathode ray tubes, etc. Similarly, 
fast moving events may be “frozen” by illumi- 
nating them with a pulse of light of short dura- 
tion or by using a shutter capable of yielding 
a very short exposure (Kerr shutter). Much 
valuable work has been done in the sphere of 
ballistics using this feature. This high speed 
photography, as it is generally called, could 
equally well be regarded as making use of the 
ability of photography to record an event 
which cannot be properly observed by the 
eye because of the limited time during which it 
is available for study. 

Inanimate Observation. In recent years much 
use has been made of the fact that the camera 
can often be sent where the eye cannot go and 
so observe phenomena which could not other- 
wise be observed. Perhaps the most spectacular 
application under this heading is the use of 
photography in research on the upper air by 
means of the rocket. It is not yet possible to 
send a human observer in a rocket and it is 
necessary that all instruments on board should 
record their data automatically. The record- 
ing of many of the observations is done by 
sending the information automatically by radio 
in the form of a code to the ground and 
recording the message, usually photographic- 
ally, for subsequent interpretation and study. 
Such information on, for example, tempera- 
ture and pressure is readily dealt with in this 
way. The scheme has the advantage that it is 
not necessary to recover the spent rocket to 
get the data for which the experiment was per- 
formed, nor is it necessary to build the instru- 
ments or armour them to withstand the impact 
of the spent rocket with the ground. 

Though photography plays an important 
part in recording the radio data, there are 
some data that cannot readily be coded and 
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transmitted h this way. For example, it may be 
desired to record the spectrum of the sun as 
seen from different altitudes. The earth’s atmos- 
phere absorbs some of the radiation from the 
sun, particularly in the ultra-violet region, and 
much of this absorption takes place in a region 
where the concentration of ozone is high. 
Spectra obtained at different altitudes will 
therefore yield data on the concentration and 
distribution of ozone. A spectrograph of con- 
ventional type may be used to obtain such 
information and the result is a series of photo- 
graphic records of usual type. It would be very 
difficult to code and transmit such information 
to the ground by radio. 

Sensitivity to Sub-atomic Particles. The first 
method used to reveal the actual tracks of 
particles such as electrons, protons, etc., was 
the so-called cloud chamber. This consists of 
a glass-sided chamber saturated with water 
vapour and capable of being suddenly expanded 
in volume so that the water vapour becomes 
super-saturated. If then a charged particle 
passes through the chamber it ionizes the gas 
and droplets of water are formed along the 
track. The track persists for a short time before 
breaking up and photography plays an essential 
part in recording the tracks during their brief 
life. 

More recently nuclear physicists have used 
the sensitive emulsion itself for recording the 
tracks direct. 

Photo-sensitive materials are sensitive to the 
passage of charged atomic and nuclear par- 
ticles as well as to a wide range of electro- 
magnetic radiations. Such charged particles 
act in the same way as light — they lose energy 
in passing through the grains and release 
electrons after which latent image formation 
follows normal lines. 

Any rapidly moving charged particle, an 
electron, proton, alpha particle or a large 
ionized atomic nucleus will affect a grain if it 
passes through a part of it. In this way the 
path the particle takes is revealed by a suc- 
cession of developed grains rather like a string 
of beads. Moreover, the characteristics which 
affect the appearance of the track depend on 
the charge, mass and velocity of the particle 
and it is possible to determine these charac- 
teristics of a particle from measurements made 
on the track it produces. 

Special photo-sensitive materials for this 
purpose are now manufactured and are avail- 
able in various forms to suit the experiment in 
hand. They are characterized by the large 
number of grains per unit volume to minimize 
the space between the grains in a track, and 
great thickness to increase the length of track 
or chance of obtaining a long track. 

Combining this characteristic of the photo- 
sensitive material with the ability to go where 
the eye cannot, much use of these special 
emulsions has been made in the investigation 
of the nature and characteristics of cosmic 


rays. Packages of plates, and more recently 
“stacks” of gelatin emulsions measuring 
perhaps 6x6x1 ins., are sent up attached 
to balloons to heights of over twenty miles. 
There they may be exposed to cosmic rays for 
several hours before returning to earth by 
parachute. This enables information to be 
obtained on the nature and energy of the 
primary rays as they reach the earth’s atmos- 
phere and before they suffer the degeneration 
which takes place by the time they reach sea 
level and the normal terrestrial laboratory. 
These primary particles are endowed with more 
energy than it has been possible so far to 
confer on any particle in the terrestrial labora- 
tory, though the gap is closing, and so events 
which are caused by such energetic particles 
can only be explored at these altitudes. 

The comparatively recently developed 
technique of autoradiography is another illus- 
tration of the use of the photographic sensitive 
material in its own right. The availability of 
artificially produced radioactive isotopes has 
led to their use as tracer elements in all kinds 
of research. In some techniques the radio- 
isotope of an element, say iodine, is introduced 
into the body where it is treated in just the 
same way as normal iodine and some finds its 
way to the thyroid gland. If then a section of 
the thyroid is cut and mounted in very close 
proximity to a photographic layer, the electrons 
emitted by the radioactive iodine affect the 
emulsion and produce a latent image. On 
development and examination with the thy- 
roid section under the microscope the exact 
location of the iodine is clearly revealed. This 
technique is comparatively new and is proving 
a valuable tool, particularly in medical and 
metallurgical research. 

Further Scope and Outlook. In the short space 
available it is not possible to do more than 
indicate the reasons why photography is such 
a useful tool in scientific research. 

The applications are so widespread that it 
would need a volume to do real justice to the 
subject. There are many researches in which 
photography has been used for convenience, 
elegance or just preference. There are many in 
which photography has been the best available 
tool for the purpose. There are researches in 
which there appears to be no alternative to the 
use of photography, but the ingenuity of man 
is such that this might be difficult to maintain. 
However, photography is no longer used 
solely to record portraits and other pictorial 
matter. Its value in radiography is quite well 
known, but it is not always realized that the 
photographic process has materially helped to 
bring us to the state of knowledge we have 
reached to-day, and has helped to develop 
many techniques which in turn contribute to 
the standard of living we now enjoy. G.B.H. 

See also: Research in photography. 

Book: Progress in Photography (2 vols.), cd. by D. A 
Spencer (London). 
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SCRATCH-PROOFING. Normal hardeners 
are generally used to prevent an emulsion being 
damaged while it is still wet — although in many 
cases the hardening effect will remain. 

The emulsion surface, however, can be made 
specially tough and resistant to injury when 
dry, by treating it with a tannic acid hardener. 
This treatment is used to make films more or 
less scratch-proof. The effect is only apparent 
when the film has been dried. Films can be 
hardened in this way straight after washing, or, 
if they have been dried, after resoaking for 
10-20 minutes. A formula for a scratch- 
proofing hardener is: 

Tannic acid l£ ounces 30 crams 

Formalin solution (40 per 

cent formaldehyde) 4 ounces 100 c.cm. 

Water to make 40 ounces 1,000 c.cm. 

The tannic acid is dissolved in almost boiling 
water, and the formalin is added when the 
solution is almost cold. 

Films to be scratch-proofed are immersed in 
a mixture of 1 part of the hardener solution and 
14 parts water for about 5-10 minutes, and 
afterwards washed for a further 10 minutes. 

See also: Hardening baths. 

SCREEN (HALF-TONE). Regular mesh con- 
sisting of sets of parallel lines normally ruled 
at right angles, used in blockmaking to break 
up a photographic or similar continuous tone 
original when photographing it on to the metal. 

The type of screen in general use consists of 
two glass plates engraved or ruled across with 
black lines at an angle of 45° and bound to- 
gether so that the lined surfaces are in contact 
with the lines crossing at 90°. The lines may 
number anything from about 50 to 200 per 
inch. Screen ruling is one of the factors which 
affect the resolution of fine detail in the repro- 
duction. 

Screens having an irregular structure, or a 
mesh made with woven wire, perforated sheet 
metal, etc., are sometimes used for special 
purposes. Contact screens having elements of 
variable density are also used, especially for 
photolithography. 

Sec also: Photomechanical reproduction. 

SCREEN PLATES. Special type of plate used 
in colour photography consisting of a pan- 
chromatic emulsion covered with a “screen” 
of finely distributed colour filter elements. 
When processed by reversal and viewed as a 
transparency, the original colours are seen 
reproduced in the image by additive colour 
synthesis. 

Some colour films are manufactured on the 
same principle. The main objections to the 
system are the serious loss of light and the tex- 
ture of the colour filter elements which becomes 
visible on enlargement. 

See also: Colour history; Colour materials : Colour 
synthesis. 


SCREENS FOR PROJECTION. A good 
screen is essential to enable the best results to be 
obtained from any cine or still projector. Many 
different types of screen are made, some suit- 
able for the home, some for the lecture hall or 
classroom. For front projection an opaque 
screen is necessary; for rear or oblique pro- 
jection a translucent one. Opaque screens are 
available in different surfaces and translucent 
screens are constructed of different materials. 
In both cases the best choice will depend on 
circumstances. 

Opaque screens can be considered under two 
headings, those that are portable and those 
that are fixtures. 

Portable Screens. These are used by the amateur 
for showing cine films or colour slides in th? 
home. They are also useful to the lecturer who 
travels from hall to hall, and is obliged to 
take a screen with him, and are convenient 
in any classroom or lecture hall where it is 
not possible to leave a screen in a fixed position. 

Most portable screens are made to rest on a 
suitable table, ledge, or support. An essential 
feature is that they must fold down to a con- 
venient size for storage and portability. 

The simplest and cheapest type of screen 
meeting these requirements has a wooden 
platform, with feet screwed on underneath. The 
bottom edge of the fabric is secured to this 
platform, while the top is fixed to a roller which 
is supported by side stretchers hinged to each 
end of the platform. To close the screen, the 
arms are detached from the roller and folded 
inwards. The screen is wound round the roller, 
and the feet turned sideways. 

A more elaborate screen is the self-erecting 
type. It is quicker and easier to erect and close, 
and less likely to cause wear or damage to the 
screen fabric. Here the fabric is wound auto- 
matically round a spring roller, which is 
secured at the ends, just above the platform. 
The screen is erected by lifting the top rail 
until the fabric is fully extended. Joining this 
rail to the platform are two arms, hinged and 
sprung at the centre, so that once fully extended 
they remain upright. To close the screen, a 
cord is pulled, or a lever depressed, causing the 
sidearms to fold inwards and the screen is 
gently lowered to the platform. Sometimes 
such screens are built into a box for protection. 

Another useful screen also uses a spring- 
wound roller, which is built into a metal tube. 
The tube has a narrow slot through which the 
screen material is pulled. The top bar of the 
screen is secured to a metal rod which is 
extended to the required height and locked into 
position. This rod is hinged to the centre of 
the tube and folds away when the screen is 
closed. 

Tripod screens, which provide their own 
support, are a variation of the last type. The 
tubular body is hinged to an extending bar 
which has a folding tripod foot. When closed, 
the tube folds against the extending bar. To 
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erect, the feet are unfolded and the tube placed 
in a horizontal position. The top of the screen 
is hooked on the extending bar which is raised 
up as required. 

Non-Portable Screens. A rigid screen is all 
that is required when it is to be used in a per- 
manent position and does not need to be 
moved out of the way. In small sizes this may 
consist of a canvas screen stretched over a 
wooden framework. In large sizes the fabric 
is eyeletted and laced to a stout wood or 
metal framework to keep it perfectly taut and 
free from wrinkles. 

A roller screen can be hung from a fixed 
position and lifted out of the way when not 
required. The screen hangs from a top batten, 
the bottom being attached to a heavy steel or 
wooden roller which pulls the surface flat. By 
operating a cord and pulley, the fabric is 
wound round the roller as it is raised. 

Wall type tubular screens consist of a tube 
and spring-loaded roller fixed to the wall or 
ceiling while the screen is drawn down into 
position. 

In some makes the bottom of the screen 
must be held down while the screen is in use, 
whereas in others a ratchet and pawl are fitted, 
making this unnecessary. 

Screen Surfaces. There are three types of 
screen surfaces in common use: glass bead, 
silver, and matt white. 



SCREEN SURFACES. The most suitable surface for a screen 
depends on the angle at which it will be viewed. A, area not 
suitable for viewing with any screen. B, area suitable only with 
matt screen. C, best with matt screen, suitable with beaded 
screen , poor with silver screen. D, best with silver screen. E, 
most brilliant picture with beaded screen, but confined to 
narrow viewing angle and consequently smaller audiences. 


A glass beaded screen is made by impregnat- 
ing beads of crystal glass in the surface of the 
canvas. Such a screen is very directional, giving 
a brilliant image over an area approximately 
15° from the centre. Beyond that angle, the 
illumination falls off appreciably, though 
not below that of a matt white screen until the 
angle is about 30°. 

A glass beaded screen is therefore most 
effective in a long narrow room. For use at 
close range the beads should be as small as 
possible, otherwise the image will appear 
grainy. It is not advisable to allow a beaded 
screen to remain exposed to strong daylight 
for long periods, as it may turn yellow and 
lose efficiency. 

A silver surface will not yield an image as 
brilliant as a beaded surface when viewed from 
a central position, but whereas the beaded 
screen falls off beyond an angle of 1 5°, the 
silver screen will show no variation until the 
viewer is approximately 30° from the centre. 
Beyond that angle, however, the brilliance 
decreases very rapidly, and a silver screen 
gives a poorer image than a beaded or a 
white screen when seen at an obtuse angle. 

Silver screens are not generally considered 
to be as suitable for use with colour films as 
matt white or beaded screens. 

Matt white screens are the most diffused 
form of opaque screen available. They are 
less costly than beaded screens, and are 
obtainable seamless in fairly large sizes. They 
can be viewed from quite a wide angle without 
any appreciable falling off in illumination, and 
are therefore favoured for wide rooms and 
lecture halls. 

Perforated screens are used in public cinemas 
where a large loudspeaker is placed behind the 
screen. Without perforations the sound would 
be muffled and lose quality. Naturally, some 
loss of light is caused by using a perforated 
screen. 

Screen Materials. Opaque screens are usually 
made of canvas, plastic or linen. Plastic screens 
are apt to hang unevenly unless secured on all 
sides, particularly in the case of large sizes. 
Linen or calico screens are less opaque than 
canvas screens and consequently give a less 
brilliant image. 

Screen Formats. Screens to be used for cine 
films or film strips are usually made with an 
aspect ratio — i.e., width : height — of 3 : 2 
and are hung horizontally. In public cinemas 
the wide screen is now the vogue, but there is 
no indication yet that screens of this propor- 
tion will be used extensively for amateur films 
although one such screen is available in 
America. 

A square screen is usually necessary for 
slides, as pictures may be upright or horizontal. 
Daylight Screens. For projection in normally 
lit rooms, translucent screens probably give 
the best results. The material may be either 
white or black plastic, or a special dressed 
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SCREEN TYPES. Lafc: Portable screen on tubular stand with 
tripod support; easily transported and quickly erected. Top 
rlchc: Self-erecting screen; supports held by spring when 
raised. Contra right: Framework for home-made rigid screen, 
made of 7 x f Ins. battens with plywood stiffening plates. 
Bottom right: Roller screen fixed to wall; pulled down from 
case to hang down as shown by broken line. 

linen or cotton. Plastic screens give a brilliant 
picture when seen from the centre, but are very 
directional. Viewed from a wide angle, the 
image may be almost indiscernible, though 
quite satisfactory when seen from the centre. 

The projector can be placed directly behind a 
translucent screen, in which case the slide or 
film will need to be loaded the reverse way to 
the usual. Special screen units are obtainable 
in which the projector is placed to the side of 
the screen, the image being projected on the 
screen via a mirror. 

This enables the operator to remain in the 
view of the audience, and with this method the 
film or slide is loaded in the same way as for 
front projection. It is also useful when the pro- 
jection distance would otherwise be limited. 

Translucent screens of dressed linen or 
cotton absorb more light than the plastic 
ones, but are more diffuse, enabling them to be 
viewed from a reasonably wide angle. As plastic 
screens are only normally available in fairly 
small sizes, tUc dressed fabric type is used when 
a large size Is necessary. 

An ordinary opaque screen with a iUv« or 
beaded surface can be used satisfactorily in a 
normally lit room if the size of the screen is 
restricted and the screen hooded and shielded 
from extraneous light. Some screens are sold 
complete with hood and side flaps for this 
purpose. 


Stereo Screens. Matt white or beaded screens 
are unsuitable for stereo projection systems 
based on polarization, as they depolarize the 
light. A metallic or aluminized surface is 
necessary for front stereo projection, and in 
practice a screen with a silver surface is 
generally satisfactory. For stereoscopic rear 
projection a very finely ground glass screen is 
sometimes employed and a translucent plastic 
screen is also suitable. 

If the projection system employs the split 
beam method, the screen should be upright to 
suit the image. C.W.L. 

See elso: Back projection; Projection principles. 

Books: Filmstrip and Slide Projection, by M. K. Kidd 
and C. W. Long (London); How to Project , by N. Jenkins 
(London). 

SCULPTURE. The photography of sculpture 
calls for as great, if not greater, skill in the use 
of lighting and technique as most other branches 
of photography. 

Most photographers have seen portraits 
with deep shadows in their eye sockets, or one 
side of the face a glaring white from over- 
strong backlighting; or distorted features as the 
result of using a lens of too short focus; or one 
feature over-emphasized to the detriment of the 
rest of the face because of a bad viewpoint. 

Such mistaken technique and lighting would 
give as completely false an idea of a piece of 
sculpture as they do of a human face. 

When photographing sculpture the aim of 
the photographer should be not only to give a 
correct record of its form, but also to interpret 
it in such a way as to lift the photograph from 
the “record” level and place it on the level of 
pictorial photography. It is possible to do this 
by using the right lighting, angle of view and 
background. 

Equipment. A suitable camera is the field type 
with a triple bellows extension, interchangeable 
lens panel, and a ground glass screen for 
critical focusing. The single-lens reflex roll film 
camera which has a focusing screen and inter- 
changeable lenses is also suitable for this kind 
of work. 

The modem miniature camera may also be 
used very successfully. Its rangefinder and 
reflex focusing attachments allow for fine 
examination of focus, and interchangeable 
lenses and extension tubes permit close-up and 
long-range photographs. It is especially useful 
in places where heavier or more cumbersome 
cameras cannot be taken. A helpful lens to 
use would be a 13-5 cm. or 20 cm. These 
prevent the camera being employed too near 
the subject, which would result in distortion 
of form. 

A firm tripod is necessary to eliminate any 
possible movement during the long exposures 
customary in niio fifttd. Th? ciinnld also 

have a pan and tilt head. Reversible legs, spiked 
one end for outdoor work and rubber-tipped 
the other end for indoor work, are also useful. 
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Roll film cameras should have a film with an 
emulsion of fairly soft gradation — e.g. a fast 
panchromatic type. For plate cameras, a soft- 
gradation panchromatic plate is suitable. 
Miniature negatives require a great degree of 
enlargement and therefore a thin-coated film 
of low sensitivity should be used. This has 
very fine grain and gives a better definition 
than a double-coated film. 

In the Studio. When photographing sculpture 
in the studio, the photographer has the choice 
of background, angle and lighting under his 
direct control. If, when the photograph is 
printed, any of these is at fault, he can duplicate 
the same conditions and eliminate the fault. 

A spotlight gives hard lighting, casting sharp 
shadows, and is best for sculpture finished in a 
rough texture. The beam cast is easier to con- 
trol than with other types of light. A flood- 
light, having a larger sized light source than a 
spotlight, gives a softer effect. Sculpture having 
a delicate form — children’s faces for example — 
is better rendered with a floodlight. The hard 
light of the spotlight divides the highlight and 
shadow areas too sharply, while the soft fringe 
of the floodlight merges one smoothly into the 
other. Still softer lighting can be obtained if the 
floodlight is diffused. The size of the light 
source is then the size of the diffusing material. 
Daylight has still greater diffusion. 

The secondary light or fill-in calls f or a fine 
degree of judgement. If it is too strong, it 
overpowers the main light ; if it is too weak, the 
shadow areas lack form. 

The direction of this light is also important. 
Too often it is used without consideration just 
to lighten the shadow areas without any regard 
to the modelling in those areas. As a general 
rule, the fill-in should come from a direction 
not greatly different from that of the main light, 
but, of course, this will vary with each photo- 
graph. 

Backlighting should be used with restraint. 
It is easy to give sculpture an unnatural edge, 
which can be very distracting. 

Any shading of tone on the background is 
best done with lighting. On a plain, neutral 
background it is possible to get a range of tones 
from black to white, or to merge gradually 
from a light tone on one side to a dark tone on 
the other. This shading can counterbalance 
the lighting on the sculpture: the light side can 
be set against the dark side of the background, 
and the shadowed side against the light part of 
the background. By arranging the lighting in 
this way the subject stands well away from the 
background and the whole outline is thrown 
in relief without the need for backlighting. 

A patterned background is likely to detract 
from the sculpture, unless it is made part of the 
composition. 

As a verv general rule the angle of view 
snould be approximately mat from which the 
sculptor intended his work to be viewed. But 
very often, by choosing a high or low angle, the 
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pictorial effect can be increased. Having a low 
angle gives a feeling of strength and height to a 
subject. A high angle has the opposite effect, 
which is useful if the height of a large statue 
needs to be minimized. 

As sculpture is three-dimensional, a better 
idea of its full shape can be conveyed if separate 
photographs are taken of two or three sides of 
the subject. This also helps to give a better 
impression of its dimensions. 

Outdoors. Good opportunities for photo- 
graphing sculpture can be found in the outdoor 
exhibitions that many local authorities arrange. 
And even familiar statues, seen by everyone in 
their home towns, provide an exercise for the 
photographer’s ingenuity in finding an angle 
that gives them fresh interest. 

Unlike studio photography, the factors of 
background, angle and lighting are not under 
the photographer’s control. When photo- 
graphing out of doors, the background seen 
from a particular viewpoint depends on the 
position of the subject, and the photographer 
cannot always get the angle he wants. Again 
the right lighting conditions are generally a 
matter of luck or patient waiting. 

Spring and autumn are probably the best 
seasons for photographing outdoor sculpture. 
The sunlight then is not too harsh and does not 
come from too high an angle. 

In open places the sky is the simplest back- 
ground. Some measure of control can be had in 
thechoiceof filtersused. Thedeepblueofthesky 
on a summer’s day can be controlled from a 
light tone (light yellow filter) to a dark tone 
(orange or red filter) using a panchromatic film. 
Statues found near tall buildings can be taken 
with the dark shadowed side of a building as a 
background. 

On large statues in particular a good photo- 
graph can often be had from one detail, a hand 
or a foot, or from a small group of details that 
together make a tight, well knit composition. 
It is useful to carry a large white folded card 
to act as a light reflector when photographing 
details, to balance the lighting of the highlight 
and shadow areas. 

Very large monuments may have an archi- 
tectural setting which needs a camera with a 
rising front lens panel so that all vertical lines 
can be made upright in the photograph. If a 
roll film camera is used and tilted up, the dis- 
tortion of the verticals must be corrected on the 
enlarger. Correcting in this way may introduce 
some distortion but it is not likely to be very 
noticeable. 

In Churches. Sculpture in churches provides 
another rich source n f oubtects. Fonts, effigies, 
decorations of roof bosses, and bas-reliefs offer 
an endless choice. 

A rigid tripod is essential for taking photo- 
graphs in a church; the use of a weak tripod 
may result in camera shake during long 
exposures. The roll film or miniature camera is 
quite adequate when taking photographs of 
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subjects which have no verticals to be cor- 
rected, but, if there are verticals to correct, 
then the camera possessing the rise and swing 
movements is preferable. A telephoto lens is 
useful in obtaining close-ups of subjects out 
of reach of the normal focus lens, such as 
gargoyles and details in vaulted roofs, coats of 
arms, and the like. 

Unless the church is well lit the photographer 
may have to provide his own lighting with 
portable equipment. Before attempting any 
photography the vicar’s permission should be 
sought and, if lights are needed, the voltage of 
the electricity will have to be checked. Flash- 
lighting is convenient, but the number of bulbs 
needed for good modelling is apt to be rather 
expensive. If a single flash is used on the camera, 
the lighting will be flat and will not show the 
form of the sculpture; if it is used away from 
the camera, the lighting will be too hard, unless 
a fill-in flash is used. Electronic flashes, fired 
from a succession of points during a time 
exposure, are an effective way out. 

When daylight can be used, which is usually 
better than flash, the ideal outside lighting 
conditions are those on a bright day with no 
strong sunlight. The diffused lighting from 
such conditions is often preferable to strong 
sunlight, which would need a bright fill-in 
light to illuminate the shadow detail. In a 
church where the light comes from many 
directions, the lighting is apt to be very flat. A 
floodlight in this case could be used as the 
main light source, and the natural light act as 
a fill-in. In winter months the daylight inten- 
sity may change rapidly. An exposure meter 
should be used constantly to check this. 

If a subject has to be photographed in very 
poor light, it will sometimes be found on 
developing the negative that, although the 
correct exposure was given according to the 
meter reading, it is still badly under-exposed. 
This is due to reciprocity failure, when the 
intensity of light reaching the emulsion is too 
low to respond to the reciprocity law. In such 
conditions it would be better to use artificial 
lighting. 

A photo-electric exposure meter will not 
usually show a reading at all in a badly lit 
church and one of the visual extinction type 
meters is often more useful. 

Wood and stone carvings high up or out of 
reach will need to be photographed with a long 
focus lens. The long bellows of the field camera 
are an advantage in this case to give the necess- 
ary extension. Wood carvings may need the 
use of a deep red filter to bring out their 
details. L.S. 

Sec also : Lighting the subject; Photosculpture; Statuettes. 
Book: Focus on Architecture and Sculpture , by H. 
Gemsheim (London). 

SEASCAPE. Any general view, similar to a 
landscape, in which the sea, waves, or shore 
scenery is the dominant feature. 


SEASIDE. The seaside is one of the best places 
to take photographs. The light is generally 
good, and there is such a diversity of subjects 
that whatever particular ideas the photographer 
has, he can always find something to take. 
Seascapes. If the photographer is a landscape 
enthusiast, he will find that very much the same 
technique is needed to make a successful sea- 
scape picture. But it is not so easy to grade 
the tones of the picture to suggest distance, 
since the sea is of much the same tone all over, 
getting only a little lighter towards the horizon. 
First, to give the impression of depth, some 
large object is needed in the foreground. A 
medium or deep yellow filter will help to im- 
prove the tone rendering of both the sea and the 
sky. If there are no moving objects or big waves 
within the picture, put the camera on a tripod 
and stop right down to give enough depth of 
field to cover the whole of the picture from a 
few feet to infinity. A lens hood is essential for 
all beach photography, but, even then, beware 
of light reflected from the water into the lens. 
If the hood is not deep enough to keep it out, 
the only thing to do is to wait until the sun is 
in a different position or until it is obscured by 
light cloud. 

Those who prefer to take close-ups of still- 
life subjects will find that they abound on the 
beach. Pebbles, seaweed, patterns left by the 
tide on the sand, stranded starfish, are all 
excellent for close-up studies. Often the best 
way to tackle these subjects is to take them 
against the light. This not only gives them 
greater prominence against the background, 
but reveals their texture much better than flat 
lighting. 

Here again a tripod is generally useful, al- 
though it is not always necessary since the 
light is usually bright enough for a fast shutter 
speed. But it is essential to focus accurately 
on the subject, because the lens has very little 
depth of field at close ranges. A filter is not 
necessary except when photographing brightly 
coloured specimens. To get close to subjects 
on uneven surfaces and slippery rocks it is best 
to crouch and rest the elbows on the knees to 
steady the camera. 

People. Those who prefer the very lively 
scenes of holiday-making must be ready for a 
little more action. As a rule, people on beaches 
usually do one of two things: they either sleep 
or they jump about and play games along the 
sands and in and out of the water. Pictures of 
people asleep can often be amusing to look at 
later, and they make easy subjects: it is simply 
necessary to take an exposure reading, set the 
camera, focus and expose. But the viewpoint 
must be carefully chosen to avoid including 
confusing objects — e.g., beach-bags and cloth- 
ing and other people — in the background. 

People running about need a fast shutter 
speed. It is often possible to use about 1/300 
second with a yellow filter on the lens since 
the light on the beach is nearly always very 
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bright and the reflection from the sea helps 
to fill in the shadows. It is wise to use a low 
viewpoint to get the sky as a background. The 
best way to shoot is to pre-focus, follow the 
subject in the viewfinder and release the 
shutter as soon as the subject is in the right 
place. People running towards the camera are 
less likely to be blurred than if they were moving 
directly across the line of vision, so, even with a 
camera which has a shutter speed as slow as 
1/50 second, it is still possible to take action 
pictures provided the subject is not moving 
across the camera’s view. People jumping must 
be snapped at the “dead point” of the move- 
ment — e.g., when they are at the top of their 
jump and have stopped going up but have not 
yet started to come down. At this point they 
are reasonably still. 

People swimming, surf riding and generally 
enjoying themselves in the sea are good seaside 
subjects. Stand at the water’s edge (or even in 
the water) and keep the camera rather low 
down. This cuts out fussy background and 
shows the subjects against the sky. Use a 
yellow filter and a fast shutter speed to stop 
movement of both the subject and the water 
being splashed about. (Take care that none of 
the splashes fall on the camera.) 

Children. Make a tour of open-air entertain- 
ments like concert parties and Punch and Judy 
shows. Where there arechildren in the audience, 
concentrate on their faces; they will be much 
too interested in the show to take any notice of 
the camera. If pictures of children are wanted, 
do not forget to watch for incidents around the 
ice-cream trolleys on the beach or the pro- 
menade; pictures of children buying, eating, 
or wrangling over ices are always popular. 

Children form one of the most worth-while 
subjects that the beach has to offer; they seem 
to belong to the beach scene as surely as the 
sand and the water, whether they are occu- 
pied in building castles or covering their 
sleeping parents with sand. They will generally 
be much too occupied to notice the photo- 
grapher. So first take an exposure reading and 
set the focus at a pre-determined distance. 
Then just walk up and expose before the 
subject has time to become aware of the camera. 

There are a great many subjects on and 
around the seashore: interesting people, 

amusing sights, exciting events, minor trage- 


dies, so it pays to have the camera ready to go 
into action at a moment’s notice. 

Boats. Be on the look-out for boats, either 
drawn up on the shore or riding at their 
moorings. They are one of the most popular 
forms of picture material. The best way to take 
them is to choose a calm day and hire a rowing 
boat so that a choice of viewpoints can be made. 
As well as the boats themselves, close-ups of 
various parts — coils of rope, anchors, blocks — 
taken with strong side lighting to reveal 
texture make excellent subjects. Use a shutter 
speed of about 1 /1 00 second, unless the camera 
is on a tripod, to eliminate any risk of shake. 

Most seaside resorts have a lifeboat station 
which is worth visiting. It should be possible to 
find out when there is to be a practice launch. 
Take up a position either near the water’s edge 
or close to the ramp and in either case, use a 
fast shutter speed even though the lifeboat may 
be coming towards the camera. If the aim is to 
catch the bow wave as the boat enters the 
water, there will be no time to alter shutter 
speed after photographing the boat coming 
down the ramp. Pre-focus on a spot the same 
distance away in both pictures. This saves 
refocusing between exposures. 

Care of the Camera. Keep the camera away 
from the sand and salt water. These two form a 
most deadly combination for the ruin of a good 
camera and lens if they come into contact 
with them. A grain of sand can put a shutter 
out of action and call for an expensive over- 
haul, while salt water will corrode plating, 
make screw threads foul and stick, and take 
the high polish off the surface of a lens. 

So take care to avoid splashes falling on the 
camera and particularly on the lens. A yellow 
filter placed over the lens will protect it from 
sand and sea water and will be needed for most 
shots in any case. Keep the camera in a black 
case with a lining instead of an ever-ready 
case and this will help to keep sand out. 

If taking photographs in really rough 
weather, or in a small boat where there is a 
very real danger of the camera being swamped, 
obtain a polythene sandwich bag big enough 
to hold the camera. Keep it in this until it is 
needed and it will be fully protected. G.S.D. 

See also : Marine photography. 

Book: All About Pictures at the Seaside t by G. S. 

Driakali (London). 


SECOND-HAND EQUIPMENT 


Nowadays most cameras and photographic 
equipment can be bought second-hand from 
private owners or photographic dealers and 
sold to the same people. Such buying and selling 
is frequently carried on through the classified 
advertisement columns of photographic maga- 
zines. Photographic equipment when intelli- 
gently handled suffers less from use than, say, 


a motor car or a radio set, and it is possible to 
buy cameras and accessories several years old 
that are for all practical purposes as good as 
new. If in good condition, they should also 
fetch a reasonable price on sale or exchange. At 
the same time the inexperienced buyer always 
runs the risk of throwing his money away on a 
worthless “bargain”. 


1012 



BUYING EQUIPMENT 

Some photographic dealers specialize in 
selling only first rate equipment that they have 
dismantled and rebuilt, or at least thoroughly 
inspected, in their own workshops. This equip- 
ment carries a guarantee, and the prospective 
buyer is allowed a week or more in which to 
try it out. 

This is undoubtedly the saf est way of buying 
second-hand photographic equipment, but it 
naturally costs more — there are no bargains 
in this market. 

The beginner should always protect himself 
by asking the'advice of an expert before buying; 
the following hints are intended for those who 
must rely on their own judgement. 

Cameras. If you know the make of camera you 
want to own, get a Focal Camera Guide 
about it if one is published. This will tell you 
the differences between the various models so 
that you will be able to recognize an early 
model from a later one. Remember that one 
model may be worth twice as much as another 
of the same make and superficial appearance. 
Body. The condition of the plating and covering 
of the camera body — particularly on sharp 
edges — will show if the camera has had a lot of 
use. Burrs on the slots of any of the screw heads 
are a sure sign that someone lacking in mech- 
anical skill has had the camera to pieces. In that 
case the camera would probably be dear at any 
price. 

The most important point to watch for in the 
body of the camera is the rigidity of the lens- 
mount and erecting mechanism in the working 
position. The front should open smoothly and 
click into position positively and without any 
forceful persuasion. If there is any trace of 
slackness or wobble anywhere in the erecting or 
focusing mechanism the camera should be 
rejected. 

Bellows. The bellows of a folding camera should 
be pulled out to their fullest extent and examined 
for signs of cracking, wear or repaired places. 
Even if there are no actual light leaks, the 
price of the camera should be reduced to cover 
the cost of new bellows. If everything looks 
satisfactory, the camera should then be taken 
into the darkroom and the bellows checked 
for actual light leaks. Even in apparently 
sound bellows there may be pinholes that 
would let enough light through to fog the 
negative. 

To test the bellows, the back of the camera is 
opened and an electric torch, with the head 
removed, is inserted. The torch is switched on 
and the back of the camera covered with a 
black cloth. With the head of the torch re- 
moved, the bulb can be pressed close up to 
the comers and into the folds of the bellows 
so as to show up the smallest hole or any thin 
spots that might give trouble later. It is not a 
good idea to examine bellows in this way with 
an ordinary electric light bulb because the heat 


SEC 

in such a confined space may scorch the 
material or turn it brittle. 

The leather bellows of large multiple exten- 
sion cameras can be successfully repaired if 
they have been accidentally pierced or tom, 
but if the trouble is due to general wear, patch- 
ing is never worth while. The bellows of smaller, 
hand cameras should always be renewed if 
damaged or worn. New bellows are not 
expensive, but they should only be fitted by 
the maker of the camera or by firms specializ- 
ing in this type of repair. 

Viewfinder. Check the accuracy of the view- 
finder by comparing the picture seen in the 
finder with the image on the focusing screen (if 
there is one) or a piece of tissue paper stretched 
between the film rollers. It is fairly common for 
the viewfinder to include less than the image on 
the screen, but it must never cover more, and 
the centres of both pictures should coincide 
when the camera is focused at infinity. This 
will not hold at closer distances. 

Rangefinder. Check the rangefinder calibration 
by ranging it on a series of objects from the 
closest distance that the lens will focus to 
about 30 f eet away from the camera. The range- 
finder reading should correspond to the 
distance measured with a tape measure. There 
must be no slack when the control wheel is 
moved slightly backwards and forwards. 
Focusing Mechanism. Here again, there must 
be no trace of slack in the focusing mechanism 
of any camera that focuses by scale, although a 
certain amount of slack between the rack and 
pinion of a stand camera is not important. 
Check the accuracy of the focusing scale if 
possible by focusing an object with a focusing 
magnifier on either the focusing screen or a 
sheet of ground glass held across the negative 
opening in the back of the camera. Measure 
the distance of the object focused and compare 
it-with the scale reading, with the lens at full 
aperture. 

The focusing scale of any camera taking a 
negative smaller than 2j x 21 ins. cannot be 
checked with sufficient accuracy this way. The 
best way for the ordinary photographer to 
check the focusing scale of a miniature camera 
is by actual trial as follows. Stand a row of 
books on a table in front of the camera so that 
the line makes an angle of 45° with the line 
of sight. Focus on the lettering on the spine 
of a book near the centre of the row and make 
an exposure at full aperture. Do this for a series 
of camera-subject distances from the closest 
working distance to 10 feet or so. 

When you examine the developed negative 
through a magnifying glass — or project it on the 
enlarger — you will see whether the focused 
book is consistently sharper than its neighbours, 
or if the book in front or behind is sharper. In 
this way you can see where the actual focused 
distance lies and decide either to re-set the 
scale, or make a suitable allowance when 
focusing. But the wisest course is to put the 
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onus on the seller and refuse to accept the 
camera until the scale has been corrected. 

Finally check the infinity position by taking 
a photograph of the horizon line or of objects 
silhouetted against the sky at least 200 feet 
away. 

Shutter. All that you can do here is to set and 
release the shutter at each of the marked 
settings — including T. and B. and delayed 
action. While you can make your own test of 
the accuracy of the marked speeds, it is more 
satisfactory to pay a few shillings to have the 
shutter tested by any of the photographic 
dealers who maintain a shutter testing service. 
These tests are made with the help of equip- 
ment beyond the means — and needs — of the 
ordinary photographer. 

Lens. The general condition of the lens can be 
judged by examining it with the back off the 
camera and the shutter held open at T. 

Both back and front surfaces should have a 
high polish and be free from dust or grease. A 
single scratch is not a serious matter. But if 
the surface looks dull, it is probably covered 
with very fine scratches caused by rubbing it 
in the effort to get it clean. Scratches of this 
type ruin the performance of the lens, and 
although the surface can be repolished (pre- 
ferably by the manufacturer) the trouble is a 
fairly clear indication that the camera has not 
been looked after and you would be wise to 
reject it. 

Tiny air bubbles in the glass itself are not 
serious — in fact they are almost always present 
in high quality optical glass. 

If the lens is fairly old and has cemented 
components it may have a slightly yellow tint. 
This is simply the effect of ageing on the 
Canada Balsam joining the glasses. You can 
ignore it for black and white photography. The 
tint might affect the rendering of colour, but a 
lens old enough to have yellowed to such an 
extent would probably not be fully corrected 
for colour work anyway. 

Cemented lenses should be caref ully examined 
to see if the balsam has “started”, that is, if 
the two glass surfaces are no longer joined by 
the cement. Starting is usually indicated by 
small, star-shaped patterns. 

Actual lens testing, a special technique, is the 
only practical way of determining the per- 
formance of a lens. 

Iris Diaphragm. Test the iris diaphragm with 
the camera opened up as when examining the 
lens. The control should work smoothly and in 
all positions; the leaves of the diaphragm 
should form a hole of regular shape. Reject the 
camera if any of the leaves tend to stick and 
give an irregularly shaped hole. 

Bright edges or rubbed areas on the leaves of 
the diaphragm may cause flare patches or light 
fog. 

Synchronize Timing. Anyone can check the 
synchronizer timing for electronic flash quite 
easily. Simply open the back of the camera. 


plug in the flash unit and fire the shutter with 
the diaphragm fully open. Look through the 
lens at a sheet of paper held in front of the 
camera and illuminated by the flash and watch 
the shape of the lens opening. 

If the timing is correct, the eye will retain 
an impression of a circular patch of light the 
full diameter of the lens aperture. If the 
impression is of a smaller area with a regular 
but non-circular outline, the shutter is firing 
early or late. Remember that the shutter may 
only be synchronized for electronic flash at one 
particular speed. 

The easiest way to test the timing for flash 
bulbs is to connect up the flash gun to the 
camera shutter in the normal way and take a 
close-up of the bulb itself. The resulting 
photograph will show whether the shutter has 
caught the flash before, after, or exactly at its 
peak. 

Plate Holders. See that the draw slides go in 
and out smoothly and without forcing and that 
the velvet along the face of the light trap is 
intact and has not lost its resilience. Reject 
metal holders that have been bent or buckled — 
it is practically impossible to repair them so 
that they will work smoothly and be light-tight 
again. 

Never buy a camera with only two or three 
plate holders. So few holders are interchange- 
able that it may prove difficult or impossible to 
get extra holders to fit the camera. There 
should be at least six holders to enable you to 
work without frequent visits to the darkroom 
to change plates. 

Enlargers. First make sure that the enlarger is 
mechanically sound. The column should be 
rigidly fixed to the easel and the head should 
travel up and down smoothly. All controls — 
focusing, negative tilt, and rise and fall — 
should work freely but without any slack or 
backlash. 

It is particularly important for the image to 
remain steady, while focusing, so test this with 
the enlarging light switched on in the dark- 
room. Move the focusing adjustment gently to 
and fro and watch the light on the easel. If the 
picture moves as you reverse the movement of 
the control, look for another enlarger; image 
movement of this type at the critical point of 
focusing is a perpetual nuisance. 

While the enlarger light is switched on, 
check the evenness of the illumination on the 
baseboard. To do this, focus a negative sharply 
and then remove it together with the negative 
carrier. This will show the performance over 
the whole working area. 

Watch the illumination as you slowly stop 
down the lens. It may look uniformly bright at 
first, but presently dark patches and comers 
may appear. You may be able to get rid of the 
unevenness by altering the lamp adjustment. 
Or the lamp may be of the wrong type. But if 
the unevenness persists after you have checked 
these points, do not buy the enlarger. 
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The advice about the general condition of the 
finish, lens, diaphragm, focusing mechanism, 
etc., of second-hand cameras applies equally 
here. In addition, examine the lower face of the 
condenser for scratches or chips — any defects 
here tend to affect the image, particularly when 
the lens is stopped down. 

To check the performance of the lens, cover 
a piece of exposed film with scratches and focus 
it sharply with a magnifier on the enlarger base- 
board with the lens at full aperture. With a 
good lens, it should be possible to get sharp 
definition of the scratches all over the base- 
board. 

Next expose a sheet of bromide paper on the 
easel, develop it and check that the scratches are 
equally sharp in the print. This will show 
whether the lens is free from chromatic 
aberration. 

Flash Equipment. When buying second-hand 
flash uquipment, remember that you may have 
to renew the battery in a short time. With the 
ordinary flash gun the cost of a new battery is 
nothing to worry about, but with a battery 
capacitor type, and more particularly with a 
battery operated electronic flash, the cost of a 
new battery can be quite expensive. 

Accessories. The only way to be sure that 
second-hand photographic accessories are 
worth buying is to try them. You can accept 
new equipment on the strength of the manu- 
facturer’s guarantee, but when you buy second- 
hand equipment you rarely have any right of 
redress if it gives trouble after you have paid 
for it. 

Most dealers will allow you to take equip- 
ment away on trial against a deposit, and the 
classified advertisement departments of most 
photographic periodicals run a deposit system 
by which the money is not handed over to the 
seller unless the buyer is satisfied with the 
goods. 

Price. As a general rule, second-hand equip- 
ment in first class order is worth anything from 
one-half to three-quarters of the list price of the 
new item. “Shop-soiled”equipment is sold from 
time to time at a reduction of 10—15 per cent or 
more. 

Accessories made by a camera manufacturer 
to fit his own particular instrument usually cost 
more both new and second-hand than the 
equivalent proprietary items designed to fit any 
make. 

SELLING EQUIPMENT 

The photographer with equipment to sell 
can either take it to a dealer or try to find a 
private buyer. One way is used as often as the 
other and each has its special advantages. 

To a Dealer. The dealer relies on being able to 
sell the camera or equipment again at a profit, 
but in the meantime he must store, maintain, 
perhaps recondition and often advertise it. So 
he is not likely to offer as much as a private 


buyer who wants it for his own use. Against 
this the dealer offers cash down and an imme- 
diate sale which is sometimes the more im- 
portant consideration. 

If the owner of the equipment simply wants 
to sell it so that he can buy something better, 
however, the situation is different. His wisest 
course then is to offer the equipment to a 
dealer in part exchange for the new outfit. 
Under these circumstances the dealer may 
sometimes offer a better price for the old 
equipment than he would in a straight cash 
sale and the customer gets what he wants with- 
out having to wait. 

To a Private Buyer. The private buyer is 
generally prepared to offer more for any 
second-hand equipment he wants than the 
dealer. For the same article, he will expect to 
pay a price which lies somewhere between the 
dealer's buying and selling prices. 

The private buyer of course has to be found, 
and there are three principal ways of going 
about finding him. If the seller is lucky, he 
may be able to find a buyer among his own 
circle of acquaintances or at his camera club. 
He can watch the wanted columns in the 
classified advertisement sections of the photo- 
graphic press. He can insert a classified adver- 
tisement of his own in the for sale column. 

In answering a wanted advertisement, he 
should first send a detailed and honest descrip- 
tion of the equipment, but not, of course, the 
equipment itself. The deal can proceed from 
that point to the dispatch of the equipment on 
approval against the buyer’s cheque, or through 
the deposit scheme of the publication. 

If the seller decides to advertise his equip- 
ment, the best medium is almost always the 
classified advertisement columns of the photo- 
graphic press. Anyone living in a large city or a 
densely populated area can often do equally 
well by advertising in the local press because 
his advertisement is likely to be seen by a fair 
number of prospective buyers in his own 
district. If he includes his address and tele- 
phone number, he has a good chance of closing 
the deal by personal contact instead of by 
laborious and time-wasting correspondence 
and written bargaining. 

An advertisement in the photographic press 
should give all the essential information about 
the article briefly: what it is, model or year, 
condition, any extra items not usually covered 
by the opening description and price — e.g., 
Vinto Ilia /2 coated Panchro, equal new (or 
“mint”), e.r.c., hood, three filters, £75. Name, 
address and telephone number should only be 
given if the seller lives in a district where the 
advertisement would be read by a large number 
of prospective buyers within calling distance — 
e.g., Greater London. In most advertisements 
of this kind a box number is all that is neces- 
sary. F.P. 

See also: Repairs to cameras . 
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SEEBECK, JOHANN THOMAS, 1770-1831. 
German physicist. Investigated in 1810 the 
photochromy of silver chloride: when this is 
exposed to white light and then to the spectrum 
colours, the spectrum reproduces itself on the 
silver chloride in its own natural colours. This 
interference process is one of the few direct 
processes of photography in natural colours, 
but it took 80 years and the work of many 
inventors before a practical process giving a 
permanent image was evolved by Lippmann. 

SELENIUM. Used in certain toners, either by 
itself or with sodium sulphide. 

Formula and molecular weight: Se; 79. 

Characteristics: Reddish powder. 

Solubility: Insoluble in water, but soluble in 
hot solutions of sodium sulphide and sodium 
sulphite. 

SELF-PORTRAITS. There are four ways of 
taking a self-portrait; by using a mirror, a 
delayed action shutter release, a remote shutter 
control, and by controlling the lighting. 

Mirror Method. The mirror method is popular, 
but by no means the easiest. It usually means 
including the camera in the picture and this is 
not always desirable. The mirror must be 
fairly large — generally no smaller than 2 feet 
x 1 foot 6 ins. — and clean and perfectly flat, 
otherwise the reflection will be distorted. It 
should be supported in a secure position with 
plenty of room behind it to allow freedom in 
arranging artificial lighting (for daylight por- 
traiture it is generally best placed with its back 
to the window). The lighting must be placed 
where it does not reflect off the surface of the 
mirror or shine directly into the lens. A lens 
hood is essential. 

The photographer takes up his position in 
front of the mirror and arranges his distance 
from it, his pose, and the lighting until he is 
satisfied. This procedure calls for some imagina- 
tion, because the camera will be looking at the 
effect from a different viewpoint. Even with a 
reflex camera it is not possible to see the final 
effect in the viewing screen because if he looks 
at the screen the photographer cannot see his 
own face. And unless the portrait is to show the 
sitter looking straight at the mirror, the effect 
of looking in any other direction can only be 
guessed. 

If the camera is focused by scale, it is im- 
portant to set it to the sum of the distance from 
the lens to the mirror and the distance from the 
mirror to the subject. (These two distances are 
not necessarily the same; the camera lens may 
be six inches or more closer to the mirror than 
the face of the “sitter”, and in a fairly close- 
up portrait this would be quite enough to put 
the whole face out of focus.) 

When the camera is focused by rangefinder 
the fact that the camera will be in a different 
position at the time of exposure must be 
allowed for. 
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If possible the photographer should set up 
the camera on a tripod and sight it on some 
substitute subject — e.g., a stool standing on the 
chair that he will be sitting on for his portrait — 
to make sure that he is not including too much 
or too little in the finder. It is of course always 
wise to allow a good working margin in this 
kind of portraiture. 

Finally, the photographer looks in the 
required direction and releases the shutter. The 
exposure is the one normally given for the 
subject and lighting; the presence of the mirror 
in the set-up makes no difference. 

There are two ways of keeping the camera out 
of the final print. One way is to arrange the 
picture so that the part where the camera shows 
can be trimmed off in enlarging. This method 
is suitable for a picture where the whole head is 
enlarged and the camera is kept just below 
shoulder level. The other way is to arrange for 
the reflection of the camera not to appear in 
the picture at all — i.e., to keep it well below 
or to the side. This method inevitably intro- 
duces some angular distortion of the image, 
and the picture that the camera sees is so 
different from the reflection seen by the photo- 
grapher that it becomes difficult to visualize 
and arrange. 

When making prints from the negative, this 
must be done in the enlarger and not by con- 
tact printing. This is necessary because the 
negative must be projected the wrong side up 
(i.e., emulsion away from the paper) to correct 
the reversal from left to right caused by the 
mirror. A negative contact printed in this way 
will have unsharp definition. 

Delayed Action Release Method. The delayed 
action release offers much more scope and it 
avoids including the camera in the picture. It 
is an excellent aid in trying out lighting arrange- 
ments, ideas, etc., without having to rely on the 
co-operation of a model. It also relieves the 
photographer of worry about whether he is 
taxing the patience of his stand-in model by 
playing around with lights and props. 

Practically any type of camera is suitable; 
if it is not fitted with a delayed action release, 
it can generally be fitted with a supplementary 
one either in conjunction with a cable release 
or screwed straight into the cable release socket. 

The arrangement is exactly the same as for 
taking a normal portrait except that the photo- 
grapher, immediately after engaging the delay 
action and pressing the shutter release, takes 
up his place in the picture. As the average delay 
is 15 to 20 seconds, there is always plenty of 
time to get into position before the shutter 
clicks. 

The safest way to ensure that the picture 
will include everything is to contrive some 
form of “stand-in” that the camera can be 
focused on. A cushion on top of a stool 
standing on the chair, or some such arrange- 
ment, is all that is needed. This substitute is 
then lighted, arranged and focused, preferably 



by scale. The lens is then stopped down to give 
a reasonable margin of depth of field, and the 
exposure made at leisure. It is better to make 
sure that the image will be sharp than to 
shorten the exposure by using a large stop 
and sacrificing depth of field. 

If the portrait is to be focused critically — 
e.g., to give sharp definition to the front of the 
head alone, then this “stand-in” method of 
focusing must be supplemented by something 
more accurate. The simplest way is to stretch a 
piece of picture cord (ordinary string is too 
elastic) from a point behind the camera to the 
point focused on, marking this position with a 
knot. The photographer then sits in the chair 
in front of the camera, pulls the cord taut with 
the knot against his forehead, and then lets it 
fall before the shutter clicks. 

It is a help to set up a mirror behind the 
camera so that the photographer can arrange 
his expression and pose, but it must be remem- 
bered that the mirror will give a reversed 
picture — i.e., transposed from left to right — 
and will give no indication of the field included 
by the camera lens. Also, the mirror must be 
securely fixed so that it cannot fall forward on 
to the camera — a mishap that would probably 
prove disastrous for both. 

Finally, when taking delayed action portraits, 
it is always worth while to make one or two 
“dummy runs” before actually making the 
exposure. There is a knack in releasing the 
delay, moving quickly into the picture area, and 
posing without a flustered air or, what can be 
just as bad, a look of triumph. 

Remote Control. In many ways this is quite the 
most successful method of self-portraiture 
because it avoids the last-minute scramble 
from the camera station to the sitter’s chair. The 
shutter in this case is released by any of the 
normal types of supplementary remote release — 
i.e., pneumatic tube, electrical, remote switch- 
controlled solenoid, extended cable release, 
or even a length of thread fastened to the 
release lever. 

The preparations are exactly the same as for 
normal delayed action release, but when every- 
thing is ready, the photographer simply takes 
up his position and releases the shutter by 
hand in his own time. If he wants both hands 
to appear in the picture it is easy enough to 
arrange to operate the release with his foot. 
Lighting Control. This method has certain 
advantages in special circumstances. It requires 
the entire subject lighting to be under the 
control of a single switch which the photo- 
grapher can operate from the sitter’s chair. The 
ideal form of lighting is remote-controlled 
flash bulb or electronic flash. The photographer 
arranges the picture as for a delayed action 
release and then puts out all the lights. He then 
leaves the shutter open on Time and takes up 
his position in the sitter’s chair, checking the 
distance with a knotted cord as described for 
focusing above. When he is ready to make the 



SELF-TIMER PORTRAITS. The camera is set up on a tripod or 
other support, and the self-timer set in motion. The photo- 
grapher can then take his place in front of the lens. A mirror 
behind the camera permits observation of expressions. 

exposure he simply switches the lighting on and 
off, or presses the flash button. 

The most notable application of this tech- 
nique is for making a number of exposures on 
the same negative with the subject posed against 
a black background. For this purpose electronic 
flash is ideal because a succession of exposures 
controlled by the duration of the flash can 
be made without revisiting the camera. A 
typical montage made in this way would be a 
full face portrait flanked by profiles. 

Groups. Any of the above methods may be 
used for what is probably the most popular of 
all photographer-in-the-picture work — i.e., 
groups of the photographer’s friends or rela- 
tives. In practice the remote control method is 
not very suitable because the camera must be at 
a fair distance to include the whole group, 
and this calls for a control that is inconveniently 
long and more difficult to exclude from the 
picture. 

The built-in or a supplementary delayed 
action release is the standard means of taking 
this type of picture. Where possible, the photo- 
grapher should pose the group with a space left 
for himself between two of the members. If 
he allows space at one end, he may under- 
estimate the width he is going to take up and 
find part of himself cut off in the picture. And 
since he will have some distance to cover after 
pressing the release, he ought to make sure 
that the way is clear and that the rest of the 
group know exactly what is going to happen. If 
they are not fully briefed in advance the picture 
may show all their eyes directed at the photo- 
grapher. P.C.P. 

Sec also: Mirror photographs; Portraiture; Shutter 
releases. 

SELF-TIMER. Another name for a delayed 
action shutter release. It is more often applied 
to the supplementary pneumatic or spring- 
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driven devices made for use with shutters not 
already equipped with a built-in delayed action 
mechanism. Some models have adjustment 
for varying the duration of delay. 


SELF-TONING PAPERS. Daylight print out 
papers which need only fixing and no separate 
toning bath or gold-toning fixer. 

See also : Papers. 


SELLING PHOTOGRAPHS 


Good photographs are frequently required 
by editors of the illustrated press and technical 
journals, book publishers, advertising agents, 
press agencies, and many other users. Methods 
of approach vary according to the market, and 
the fees paid vary even more. 

When a photograph is commissioned by an 
editor or publisher, there is nothing difficult 
about the transaction; the photographer 
knows in advance that the prints will be 
accepted if they fill the agreed specification and 
he knows what he will be paid for them. (The 
only point he needs to watch is what rights he 
is selling — i.e., is he parting with the complete 
copyright, or simply selling permission to 
reproduce in one issue of the publication?) 

The essentials of a successful sale are: the 
photograph must be technically perfect (but 
there are important exceptions to this, e.g., 
outstanding news pictures), -considerably above 
average interest in its particular class, appro- 
priate to the market and of the right size and 
good technical quality for easy reproduction. 
Technical Perfection. This is taken for granted 
in prints offered for publication. The only 
exceptions are photographs of such outstanding 
news value that technical faults do not matter — 
e.g., an exclusive but badly focused picture of 
the assassination of a famous man would be 
accepted so long as the scene was recognizable. 
Generally the print should not be smaller 
than whole-plate and not bigger than 8x10 
ins. It should be on glossy or glazed white 
paper with a full range of tones and with no 
tendency towards strong contrasts. (This holds 
good even for pictorial subjects; however well 
they may look on rough surfaced paper with a 
cream base, the editor is only interested in how 
well they will reproduce. The blockmaker 
always prefers to work from a glossy print 
with a white base.) Finally, the print must be 
dead sharp. 

Interest. Millions of good prints are made 
every year and most of them are of interest 
only to the photographer’s immediate circle 
of friends or relations, or to the people who 
have paid for them to be taken. Only a very 
small proportion are capable of making a 
disinterested stranger look twice and, unless a 
print can be relied on to do at least that, no 
editor will buy it for publication. 

A technically excellent picture of a baby or a 
kitten or a motor-car, however much it may 
make the breast of the photographer swell with 
pride, has no market value. But if the baby is 
bellowing tearful disapproval just when it is 


being awarded first prize in a national contest; 
if the kitten is riding on the back of a tortoise, 
or if the motor-car is doing a somersault in a 
road race, then the picture has a good chance 
of selling in the right market. 

The Market. The fact that the market varies 
according to the subject ought to be obvious, 
yet thousands of salable photographs waste 
everybody’s time and earn no money simply 
because they are sent to the wrong type of 
publication. One of the commonest mistakes is 
to send a photograph to a national newspaper 
when its real market is the local press. Before 
submitting a print, the photographer should 
always try to forget that he took it and try to 
imagine himself coming across it for the first 
time in the publication he has in mind. If it 
does not take its place naturally alongside the 
typical contents of that particular publication, 
then no editorial magic can make it do so. 
This means that the photographer who hopes 
to sell a picture must either know the market 
from personal reading and observation or 
should study an up-to-date book on the sub- 
ject. Then he will not make such elementary 
mistakes as sending a picture series to a maga- 
zine that never publishes more than one photo- 
graph per page, or sending a red-hot news 
picture to a week-end paper. 

Suitable Presentation. The hard work should 
all be done by the photographer as far as pos- 
sible ; if he leaves anything that he ought to have 
looked after himself to the editorial or pro- 
duction staff of the publications he is spoiling 
his chances of making a sale. So all spotting 
and retouching must be done as carefully as for 
an exhibition print; the editor must not be 
asked to imagine how well the print will look 
after his art department has removed the 
blemishes. The print should arrive in perfect 
shape; if it is packed carelessly and arrives 
cracked and dog-eared it will call for more 
work than it is usually worth before it can be 
reproduced. It should be accompanied by all 
the relevant information, preferably typed out 
and stuck to the back; the editor cannot spare 
the time to hunt for missing facts himself. 

When sending trimmed enlargements it is 
advisable to enclose a contact print as a guide 
to the editor. On the whole it is, however, better 
to send untrimmed prints — partly because it 
gives the art department of the publication 
more scope to adapt the picture to their lay- 
out and partly because the marking up carried 
out by the art editor will nearly always spoil 
one’s special effect. 
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Colour. Everything that has been said above 
applies to both black-and-white and colour 
photographs, but the editorial requirements 
for colour are very much more stringent. The 
cost of preparing the necessary block for 
colour reproduction is so great that only a 
picture of the highest standard will merit it. 

Generally speaking it is rarely worth while 
submitting miniature colour transparencies as 
the loss of definition in enlarging them for 
reproduction is too great. They may be accept- 
able for sequences (to be reproduced on a small 
scale) otherwise 2± x 2 i ins. transparencies 
or colour negatives (accompanied by a colour 
print) are about the smallest suitable size, and 
pictures on colour screen material should be 
even larger. Photographers who specialize in 
colour for reproduction should submit their 
work in the form of transparencies of at least 
quarter-plate size. Carbro or dye transfer colour 
prints made f rom three-colour separation nega- 
tives are also quite acceptable, but they should 
be much larger than transparencies. 

Selling Direct. When a print is offered to an 
editor or other prospective buyer without any 
conditions, it is understood that payment at the 
normal rate will be acceptable. The normal 
rate is the rate that the buyer normally pays 
for similar pictures from other sources used in 
a similar way. 

Various scales of payment have been pro- 
posed in the past, but no definite agreement 
has ever been — or could ever be — established. 
The photographer must either be prepared to 
accept when he receives for the print or he must 
state how much he wants and what rights he 
offers. It is useless to protest after the picture 
has been published that the payment is too 
low. The only redress open to the photogranher 
is the negative one of not offering further work 
in that quarter, which is an advisable course 
of action only when it is obvious that the buyer 
was trying to exploit the photographer unfairly. 

If the reproduction fee asked is too high, the 
editor will simply return the print — always pro- 
vided that the necessary packing and stamped 
and addressed envelope have been included. 
Where a print is submitted with no stipulation 
about the reproduction fee, the editor, if 
he wants to use it, will retain it without further 
acknowledgement. If he .publishes the photo- 
graph, payment will normally be made at the 
beginning or at the end of the month following 
publication. 

Editors sometimes hang on to prints for an 
unreasonable length of time without using 
them. This puts the photographer in a difficult 
position: if he sends in a bill for a reproduction 
fee, the editor will almost certainly return the 
print, and any hope that there might have been 
of selling it in that particular market will be 
at an end. 

On the other hand, if the sender does noth- 
ing about it, the print may lie for months in the 
editorial office. 


When the subject is highly topical, the situa- 
tion is even more serious, because the print 
may be worth nothing unless it is published 
right away. With this type of picture the photo- 
grapher should either telephone or call on the 
editor of the publication and negotiate the 
reproduction fee verbally or put the matter in 
the hands of an agency. 

Selling Through an Agent. An agency will want 
the negative, not the print. Feature agencies 
will sell exclusive rights to a single publication, 
while news agencies send prints to a large 
number of editors to reproduce at their stan- 
dard rates. It is certain, however, that the 
picture will make more money in the hands 
of an agent than if the photographer handles 
the sale himself. By knowing his markets 
exactly, an agent can often sell a picture, 
even of no great immediate interest, probably 
to a publication the photographer has never 
heard of. 

The agent’s commission will be around 50 per 
cent of the gross receipts for the picture, but 
even then the photographer will probably make 
more out of a topical shot than by his own 
efforts. 

The agent has the advantage of experience 
in making the most of news pictures, and has 
the facilities for printing and distributing 
large numbers of copies of general interest 
pictures simultaneously to all prospective 
buyers. 

Where the photographer is content with only 
occasional sales and does not mind how much 
trouble he takes to get them, there is nothing 
to prevent him from sending prints off himself 
to whatever prospective buyer he considers a 
potential market. 

Choosing a Market. A detailed study of various 
magazines and journals is desirable before sub- 
mitting any prints. The type of market should, 
however, first be selected and the following 
can be taken as a gettbral guide: news pictures 
will find their best market with local or national 
daily newspapers; general interest pictures are 
mostly required by the weekly newspapers and 
magazines, as well as the monthly popular 
journals; technical photographs should be 
sent to the trade publication dealing with any 
specialized industry connected with the subject 
of the photograph; pictorial photographs 
involving human interest are best placed in the 
hands of an agent, who can circularize them 
to many customers among advertising agencies, 
manufacturers of photographic materials or 
postcard and calendar publishers. 

When submitting prints, they should be 
addressed to the news editor in the case of 
newspapers, the art editor with general interest 
and technical magazines, and the art buyer 
with advertising agencies. 

Reproduction Rights. It is always understood, 
when reproduction rights are offered, that the 
sender of the photograph either holds the 
copyright or is authorized to act for the owner. 
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Very broadly, whoever takes the photograph 
owns the copyright, but he does not own it if 
he is paid to take it. When he is paid to take 
the photograph, the copyright belongs to the 
one who pays him — e.g., his employer or 
client. 

When a print is submitted for publication, 
the sale of the copyright is not usually involved 
— only the right to reproduce. If a buyer wishes 
to purchase the copyright — e.g., to use as a 
trademark — he must say so, and be prepared to 
pay much more than he would for the simple 
right to reproduce. The fee in this case is 
always a matter for negotiation; there is no 
standard scale of charges. The purpose of the 
picture is however some basis for how much 
to charge; if a shot is suitable for, say, a 
national advertising campaign it may be 
worth as much as £50-£100, while a calendar 
publisher may not be prepared to pay more 
than £5— £10. Here again the superior experience 
of an agent helps as he not only knows the 
most suitable market and the potentialities 
of the picture, but also the best time for sub- 
mitting it. 

When the photographer sells the copyright, 
he loses all control over the picture from that 
date; when he sells reproduction rights he can 
attach any conditions he wishes. It is usually 
understood that, when a print is submitted to a 
newspaper, it may be reproduced in all the 
editions of the paper on a given date at the 
normal rate of payment. If in addition the 
print is reproduced in other newspapers or 
periodicals of the same company, then each 
separate use must be paid for, also at the 
standard rates. 

This is common practice, and if the photo- 
grapher wants his print to be treated in any 
other way he must make it clear in the covering 
letter. 

A number of prints from the same negative 
may be sent to a number of different publica- 
tions and normal reproduction fees will be 
paid by each user. Unless the covering letter 
states that the print has not been offered else- 
where, the newspaper will assume that other 
publications may also be using it. There is no 
need for the covering letter to mention this, 
but it should point out if the picture is being 
offered exclusively. 

Exclusive Use. When a print is offered exclu- 
sively, it is necessary to define more precisely 
what is offered than if the offer is simply one of 
many. The covering letter should say whether 
the picture may be reproduced on more than 
one day or in other publications belonging to 
the same group. It should state whether or not 
the photographer reserves the right to submit 
the print overseas, or to offer it for use in other 
media — e.g., for advertisements, posters, 
calendars, etc. 

Generally a picture offered exclusively has a 
very high spot news value, and there is no 
time for correspondence or haggling. The 


photographer will in all probability negotiate 
the sale over the telephone, but, even so, the 
terms should be discussed at the time and 
repeated in a covering letter sent with the 
negative, print, or undeveloped material. It 
should never- be assumed that the copyright 
automatically goes along with exclusive re- 
production rights ; copyright sale should always 
be the subject of separate negotiation and is 
only effected by written agreement. 

Sales Record. All prints offered for sale should 
be recorded systematically; the details of the 
system will vary according to the scale of 
operations. A notebook entry is enough where 
only a few prints are being sent out, but index 
cards are essential where more than say a 
dozen different prints are out at one time. Each 
card should carry the title and reference 
number of the negative and give the publica- 
tion and date of sending of each print — e.g. : 


SINKING YACHT AT COWES, p. 63-4 


Publication 

Date 

sent 

Result 


Picture News 

5.6.55 

Returned 

8.6.55 

Photo-Recorder 

5.6.55 

Returned 

10.6.55 

Yachting Journal 

9.6.55 

Published 

1-4.6.55 

Cowes Review 

5.6.55 

Published 

9.6.55 

Sunday Reporter 

5.6.55 

Published 

B.6.55 


A check must subsequently be kept to see 
that all prints published are paid for. It is not 
normally necessary to send in an account, but 
if there is any delay beyond the end of the 
month f ollowing publication, an account should 
be submitted with the date and issue in which 
the print was reproduced. 

The only foolproof way of knowing that a 
print has been published is for the sender to 
make a personal search of every issue of the 
publication in which the picture could appear. 
This is easy enough if the publication is one 
that the photographer takes in regularly him- 
self or sees at his work— e.g., trade and 
technical publications — or at the library or 
club. But if he sends out numbers of prints to 
a wide variety of publications the expense and 
trouble of making such a check are out of all 
proportion to the rewards. 

The photographer has two courses open to 
him: he can rely on the publications to pay 
without being prompted (which they usually 
do) and risk the loss of an occasional repro- 
duction fee; he can place his business in the 
hands of an agent. 

Appointing an Agent. The photographer who 
normally chooses to sell his own prints direct 
and only occasionally makes use of an agent 
when it suits him must be prepared to accept 
the agent's regular terms of business. If he 
accompanies an odd picture with a long list of 
conditions, he will almost certainly get it back. 
His surest safeguard lies in dealing with an 
established agency which has a reputation to 
lose. 
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But anyone who is regularly producing 
marketable pictures and wants to appoint an 
agent to take all the work of selling them off his 
hands should only do so on clearly stated terms. 
It is enough for these to be stated in writing in 
a letter from one of the parties and acknow- 
ledged by the other. The agreement should 
make clear on the one hand that the agent is 
appointed by the photographer, and on the 
other, that the agent agrees to act for him in 
that capacity. It should further define: 

(1) The service expected of the agent. 

(2) What prints the photographer is obliged 
To supply. 

(3) An exact definition of the rights to be 
offered. 

(4) Any restrictions on the territory covered. 

(5) The period covered. 

(6) The amount of commission to be de- 
ducted from the gross fees. 

(7) Arrangement about credit lines or other 
acknowledgement. 

This type of agreement is particularly neces- 
sary for photographers working abroad and 
sending their prints to an agency at home or for 
those who want to sell prints in other countries. 
Fees. The fees paid vary according to the 
publication and the size or area of the repro- 
duction. British newspapers have an agreed 
minimum rate, based on the number of square 
inches, but the rates for provincial newspapers 
are only half those paid by the nationals — e.g., 
for a print offered simultaneously to a number 
of newspapers, the fee for reproduction up to 
30 ins. might be as much as £2 or as little 
as 7s. 6d. On the other hand, for an exclusive 
topical news photograph, the reproduction fee 
paid by a national newspaper might be £20 or 
more. 

Weekly and monthly illustrated magazines 
will pay anything from £8 to £25 per page of 
photographs. 

Fees are higher in America — especially when 
the photographer works on assignment — and 
very much lower in countries outside Britain 
and America. 

Advertising agents, calendar and greeting 
card manufacturers and the like will pay any- 
thing up to £5 for good, usable prints sub- 


mitted speculatively, but the photographer 
should be quite clear about what rights he is 
disposing of for the fee. 

Return of Prints. When a picture is reproduced, 
the publication retains the print and may dis- 
pose of it in any way except that it may not 
offer it for publication elsewhere. 

In certain cases editors may be persuaded to 
return a print even after publication — e.g., if 
it is unique and irreplaceable. This is not, 
however, standard practice, and requires some 
preliminary arrangement. Generally, the photo- 
grapher will have to put up with the fact that a 
print that has been through the hands of 
retouchers, blockmakers or engravers, and the 
various postal personnel between them and the 
editor, will not be in mint condition any 
more. It will certainly not be in an ideal state 
for submission to other publications. 

When the print submitted is not accepted for 
publication, the office is not obliged to return 
it to the sender. Most offices, however, will 
return unwanted prints, but the sender should 
do everything he can to encourage the courtesy 
— i.e., he should use packing stout enough to 
stand the double journey and enclose a self- 
addressed stick-on label. 

When submitting prints to a strange editor, 
it is advisable to include return postage and 
preferably a self-addressed label. Later, when 
the photographer becomes known to the 
editor and his prints are being accepted more 
or less regularly, this may be unnecessary. 

Editors appreciate that the sender has gone 
to some trouble and expense in submitting 
the print and in any case most publications 
rely to a greater or less extent on freelance 
contributions to keep their picture pages 
interesting. And because the print and the 
covering letter may part company, it is neces- 
sary to emphasize once again the value of 
printing the name and address of the sender on 
the back of each print with a rubber stamp. F.P. 

See also: Agencies ; Copyright and the photographer; 
Prices of commercial photographs; Reproduction fees; 
Reproduction quality; Scaling for reproduction. 

Book*: All About Selling Photographs, by B. Alfleri 
(London); How to Take Photographs that Editors will 
Buy, by R. Spillman (London); The Market for Photo- 
graphs (London). 


SENEBIER, JEAN, 1742-1809. Swiss clergy- 
man, librarian, biologist and early photo- 
chemist. Studied the effect of light on plants, 
gums, oils, and on silver chloride (1782). 

SENSITIVITY. Degree of response of a 
sensitive photographic emulsion to exposure. 
It may refer to the amount of blackening 
produced on development by exposure to 
white light or light of a certain wavelength or 
colour temperature. 

See also : Speed of sensitized materials. 

E . — KK 


SENSITIZED MATERIAL. General term for 
all types of photographic material — plates, 
films and papers, etc. — that have been rendered 
light sensitive either by coating with an 
emulsion containing light sensitive silver salts, 
or by impregnation with a chemical sensitizer. 
The types of sensitized material vary consider- 
ably, from normal negative materials for use in 
a camera to special emulsions for scientific 
work. 

See also: Cine films ( substandard ); Colour materials; 
Negative materials; Papers; Printing materials ; Reversal 
materials. 

1021 



SEN 


SENSITIZED MATERIALS HISTORY 


For the first thirty-five years of the photo- 
graphic process the photographer had to pre- 
pare his own sensitive material just before 
making the exposure. The division of labour 
between photographer and sensitive material 
manufacturer did not take place until 1874, 
when the first dry plate factory was established. 
Early Processes. Workable photographic pro- 
cesses were discovered about 1839, almost 
simultaneously by Jacques Mandes Daguerre 
in France and William Henry Fox Talbot in 
England. It is correct to honour Fox Talbot as 
the inventor of photography as the modern 
processes stem in a direct line from his work. 
Daguerre’s process, although it enjoyed con- 
siderable popularity, did not prove capable 
of further development. Both the calotype, as 
Talbot called his process, and the daguerreo- 
type are real picture making media and in 
skilled hands are capable o f good results, though 
the nature of the processes limits their applica- 
tions. Professional photography was founded 
on the daguerreotype, while the calotype was 
originally preferred by amateurs who were 
attracted by the lower cost of the materials. 

In the daguerreotype process a highly 
polished silver plate, or silver faced copper plate, 
was sensitized by exposing it in the dark to the 
action of iodine vapour or, in a later method, 
to bromine and iodine. After exposure in the 
camera, which might take several minutes in a 
good light, it was developed by the action of 
mercury vapour, which was allowed to con- 
dense on the surface of the plate and delineated 
the image. After fixation in a solution of com- 
mon salt, or later hypo, the image was toned in 
gold chloride. Fine detail was well reproduced, 
and the daguerreotype had an attractive, jewel- 
like quality. The process, however, was expen- 
sive and not well adapted for the production of 
copies — an essential fora popular process. 

In Talbot’s calotype process, paper was 
coated with silver iodide by successive immer- 
sions in solutions of potassium iodide and 
silver nitrate, and exposed in the camera while 
wet. After exposure it was developed in a 
physical developer containing gallic acid and 
silver nitrate, and fixed in hypo. The vitally 
important step of using a developer is said to 
be due to a suggestion from the Rev. John 
Reade. The negative so obtained was printed 
on to similar paper so that multiple copies 
could be obtained and in this respect it was a 
great advance on the daguerreotype. The pro- 
cess was better for showing broad effects than 
for fine detail, but could be used in portraiture, 
the series of portraits made by D. O. Hill of 
Edinburgh being particularly famous. 

Wet Plates. The next important step was the 
introduction of the wet collodion process by 
Frederick Scott Archer in 1851. This process 
consists of coating a sheet of glass with a 
solution of nitrocellulose containing a soluble 


iodide, and sensitizing the plate by immersion 
in a solution of silver nitrate. While wet the 
plate is exposed in the camera and is physically 
developed in pyrogallol or a ferrous salt. As 
the collodion layer must not be allowed to 
dry it is a most inconvenient process to work, 
but the results are excellent. Wet collodion has 
survived to this day for certain applications in 
the graphic arts field. 

With the introduction of the wet plate a 
sensitive material suitable for topical photo- 
graphs had arrived, for although the manipula- 
tion is exacting, failures are few and the speed 
is adequate for snapshots in a good light. News 
photography dates from the wet plate, notable 
early examples being Roger Fenton’s photo- 
graphs of the Crimean War and Brady’s 
pictures of the American Civil War. It was 
also the medium for a great expansion in 
portrait photography; compared with the 
daguerreotype it was cheap and copies were 
easily made. Dagron’s remarkable micro- 
copies, used in the pigeon post which was 
operated from Paris during the siege in the 
Franco-Prussian War, were made by means of 
the wet plate. 

Numerous attempts were made to modify 
the wet plate process so that the sensitized 
plates would keep. The introduction of collo- 
dion emulsion by Sayce & Bolton in 1864 was 
one of the more successful, but the sensitivity 
was low, and the method was not popular. 
Dry Plates. In 1871 Richard Leach Maddox, an 
English physician, produced the first satis- 
factory plate using gelatin as the medium to 
hold the silver bromide. The discovery proved 
outstanding, gelatin dry plates having a great 
advantage over wet collodion. The plates can 
be prepared weeks or months before exposure; 
the sensitivity is far higher; the processing is 
simple and there is no need to develop the 
plate immediately after exposure. 

It was no longer necessary for the photo- 
grapher to make his own plates — very soon 
after Maddox’s discovery he could buy them 
boxed and labelled ready for use. In 1 873 gelatin 
emulsion was being offered for sale by Burgess. 
In 1874 the Liverpool Dry Plate Company was 
making plates in England, this being the first 
factory making sensitive material. It was 
followed by Wratten & Wainwright in 1877 
and in 1878 by the Britannia Works Company, 
whose name was changed some years later to 
Ilford Limited. Johann Sachs of Berlin is 
reputed to be the earliest manufacturer in 
Germany, and Carbutt of Philadelphia, 1879, 
the first maker in the United States. He was 
soon followed by Eastman, who founded in 
Rochester the enterprise now known as the 
Eastman Kodak Company. By the end of the 
century sensitive material manufacture had 
been established on a considerable scale in 
most advanced countries. 
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Colour Sensitized Plates. In 1873 a discovery of 
the greatest importance was made by H. W. 
Vogel in Berlin. While testing some plates 
which had been dyed to reduce halation he 
found that they were sensitive to green light. 
He concluded correctly that this property was 
due to the dye, which was probably corallin, 
and set to work to examine a number of dyes. 
As a result he found several which could act 
as sensitizers, and predicted that it would in 
time become possible to photograph even by 
infra-red rays, with dye-sensitized plates. 

In 1884 the first colour-sensitive plates were 
offered for sale. In the same year Eder dis- 
covered the sensitizing properties of erythro- 
sin, which was used in the manufacture of 
orthochromatic plates for many years. In 1906 
the first satisfactory red sensitizing dye was 
discovered by Homolka working at Hoechst, 
and was sold as pinacyanol. This dye was used in 
the first panchromatic plates manufactured in 
England by Wratten & Wainwright, and 
continued in use for many years. 

The discovery of a great number of new 
types of cyanine dyes from 1926 onwards led 
to the introduction of the super-sensitive type 
of panchromatic materials which of recent years 
have displaced colour blind emulsions almost 
completely for ordinary photography and have 
made possible the production of fine-grained 
colour-sensitive emulsions, which are essen- 
tial for miniature camera work. 

Plates were used for radiography in the year 
of Roentgen's discovery of X-rays. In 1920 the 
plate was replaced by double-coated film, and 
X-ray films are now made in great quantity and 
variety. 

In the early years of the twentieth century 
slow process plates were produced for use in 
the photomechanical production of pictures. 
A range of special sensitive materials is cur- 
rently made for the graphic arts industry, an 
important item being the “lith” type emulsion 
introduced about 1 938, which gives negatives of 
remarkably high contrast when used with a 
suitable developer containing formaldehyde. 
Films. Fox Talbot used paper as a support for 
his negative material, but later glass became 
universal. Eastman introduced a stripping 
paper f or hand cameras in 1 888, and in 1 889 he 
started making films on a nitro-cellulose base. 
The flexible film base was a great advance as 
it made possible the construction of light 
daylight-loading cameras and led to the develop- 
ment of cinematography — 1895 onwards. 
Nitrocellulose or celluloid was widely used 
until about 1930, when the much less inflam- 
mable cellulose acetate began to displace it. 
On account of its good mechanical properties, 
however, nitrocellulose remained in use for 35 
mm. cine film as late as 1947, when it was 
replaced by cellulose triacetate base. 

Printing Papers. The development of sensitive 
material for making prints proceeded on 
similar lines to negative materials. The plain 


paper impregnated with silver chloride intro- 
duced by Talbot was replaced about 1850 by 
albumenized paper which remained in use for 
many years. It was inconvenient to use as it 
had to be immersed in a bath of silver nitrate 
and . dried before being printed in daylight. 
Used with a strong negative, such as is obtained 
with the wet plate process, it gives good prints 
when gold toned. 

Collodio chloride paper was introduced in 
1865 and gelatino chloride printing-out paper 
was manufactured commercially in 1884. The 
first bromide paper is said to have been intro- 
duced by the Liverpool Dry Plate Company as 
early as 1874 and by the firm of Morgan & 
Kidd in 1880. Silver chloride and chloro- 
bromide development papers date from 1883. 
In the years 1880 to 1910 the platinum process 
(which depends on the sensitivity of ferric salts 
though the image is formed in platinum) and 
the carbon process (which depends on the 
sensitivity of chromate) were used to some 
extent but are now obsolete. Silver halide 
development papers, particularly those based 
on silver chloride or chlorobromide and 
often dye-sensitized to increase the speed, 
are now the only important papers in photo- 
graphy. 

Sensitized paper coated with diazonium salts, 
which is produced in great quantities for print- 
ing engineers’ drawings and similar applica- 
tions, derives from the discovery of light- 
sensitive diazo compounds by Green, Cross & 
Bevan in 1890, although the first practical 
application was by Koegel in 1923. 

In recent years various special papers have 
been introduced. Among them variable con- 
trast papers dating from 1940, direct positive 
(Herschel effect) papers dating from 1947, 
papers for the image transfer process dating 
from 1950, and papers such as those, intro- 
duced in 1952, which yield a direct positive by 
chemical fogging when used with a special 
developer. 

Colour Materials. The first sensitive material for 
colour photography to be produced on a com- 
mercial scale was the famous Lumi£re Auto- 
chrome plate introduced in France in 1907. 
This was a screen plate with an irregular 
mosaic, and yielded colour transparencies by 
the additive method. A similar screen plate was 
produced by the Agfa Company some years 
later and a screen plate with separate screen 
was manufactured by the Paget Prize Plate 
Company about 1910. In 1928 Kodak pro- 
duced 16 mm. colour film using a fine lenticular 
pattern which images a three component filter 
on the emulsion. A year or two later Dufay- 
color, a film with mechanically printed colour 
screen which made duplicates possible, was 
produced. 

Kodachrome, the first of the integral tri- 
pack films yielding colour transparencies by 
the subtractive process, was introduced in 
1935 and proved an immediate success for 
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substandard cine film. In 1936 Agfacolor, a 
rather similar tripack material, was produced 
by the Agfa Company in Germany. It differs 
from Kodachrome in that the colour formers 
are included in the emulsion, while in the Koda- 
chrome process the colour formers are in the 
developing solutions. In 1942 Kodacolor, a tri- 
pack negative with a corresponding tripack 
positive material for making colour prints, 
was produced in the U.S.A. Negative-positive 
Agfacolor for cine film was made in Germany 
at about the same time, followed by a paper 
print material. 

.Since 1942 a number of tripack films and 
printing materials have appeared. In 1949 
Ektacolor film was introduced. This film con- 
tains colour couplers which are themselves 


coloured and by this means integral colour 
masking is obtained. A rather similar form of 
integral masking is used in Eastmancolor 
negative cinema film, introduced in 1952. 

The demand for colour in all forms continues 
to grow so that it is probable that a substantial 
proportion of the output of the sensitive material 
industry will soon be colour films. The manu- 
facture of modem colour film is one of the most 
exacting and difficult forms of technology and 
is far removed from the simple forms of manu- 
facture the photographer used to undertake 
for himself. W.H.D. 

See also: Camera history; Development history; Dis- 
covery of photography; Obsolete printing processes. 

Books: History of Photography , by J. M. A. Eder (New 
York); The History of the Discovery of Photography , by 
G. Potonnifce (New York). 


SENSITIZED MATERIALS MANUFACTURE 


Photographic emulsions as we know them 
today were prepared by Maddox for the first 
time in 1871. In those days photographers 
sensitized their own materials, but soon after 
(in 1874) photographic plates became avail- 
able commercially, and from then on the 
photographic industry developed rapidly. 

The present-day photographic materials 
consist of a light-sensitive emulsion layer 
proper, containing a suspension of micro- 
crystals of silver halides in gelatin (chloride, 
bromide, iodide, or mixtures of them), and 
coated on to a support— e.g., film, glass 
plates or paper. 

Safelighting. From the moment at which silver 
halides are first formed, the resulting sensitivity 
to light requires special measures to ensure 
that the emulsion is not exposed to light which 
would result in emulsion fog. Any illumination 
used must be weak and of such a colour that 
the minimum photographic effect is produced 
in the emulsion, yet retaining the maximum 
possible visual brightness. The methods of 
illumination used are described as safelighting. 
In general, the same types of safelight are used 
in manufacture as in processing darkrooms and 
the same general principles apply. 

As long as emulsions are blue-sensitive only, 
a red safelight'will provide the brightest possible 
safe illumination. For orthochromatic materials 
a deep red safelight is used. With panchromatic 
and infra-red sensitive materials the only safe- 
light which can be used at all is a dim green. 
This colour is chosen not only because many 
materials have a region of relatively low sensi- 
tivity in the green, but also because the dark- 
adapted eye is most sensitive to blue-green light. 
Green is therefore the best possible compro- 
mise, although for most purposes it is best not 
to use any light at all with fast panchromatic 
materials. 

In manufacturing rooms light is allowed to 
fall on the sensitive material only where it is 


absolutely necessary to control the process. 
Lights at foot level are frequently used to 
guide the workers through the rooms; if the 
sensitive material is carefully shielded these 
footlights can be relatively bright. 

Emulsion Making. The raw materials used in 
the preparation of the photographic emulsion 
must be very pure. The silver nitrate and alkali 
halides used (salts of potassium, sodium, 
lthium or ammonium) are amongst the purest 
cihemicals available commercially. 

The other most important raw material — i.e., 
the gelatin — is in many respects considerably 
purer than that used as food. Gelatin is an 
animal protein obtained from bones or skins 
of animals such as cows, buffaloes or pigs. 
The skins and bones are subjected to a liming 
treatment lasting up to 18 months and then 
cooked in large vats. The resulting brew is 
boiled down in vacuum until the concentra- 
tion of gelatin is sufficiently high for the “soup” 
to set on cooling. The gelatin solution is then 
evaporated and the resulting dry gelatin is 
available in the form of powder or flakes con- 
taining approximately 15 per cent water. 

The next step is to incorporate the silver 
halide in the gelatin. The nature of the halide 
varies according to the type of material to be 
coated. For films and plates the halide is 
mostly silver bromide, with a few per cent of 
iodide. Slow papers are coated with a silver 
chloride emulsion and faster papers with a 
chloro-bromide, or even 100 per cent bromide 
or a film-type of emulsion. 

The emulsion is prepared in large kettles of 
chemically inert material such as high-grade 
stainless steel. There are many ways of pre- 
paring the emulsion but the principle is the 
same in each case. The alkali halides are 
dissolved in a solution of gelatin (about 1 per 
cent) and the silver nitrate is added. A 
chemical reaction takes place, precipitating the 
silver halide in the form of a very large number 
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MANUFACTURE OF SENSITIZED MATERIALS. While production details depend of course on the particular manufacturer as well 
as on the product, this flow chart gives a simplified idea of the stages by which, for instance, sheet film is produced. I . Essential 
raw materials: silver and nitric acid. 2. These are used to make silver nitrate. 3 and 4. Further raw materials: gelatin and sodium 
or potassium bromide and iodide. 5. Mixing of the emulsion under carefully controlled conditions. 6. Cooling to jellify the emulsion. 
7. Shredding the jelly. 0. Washing of the shredded jelly to remove the unwanted salts (mainly sodium and potassium nitrate) 
resulting from the formation of silver halide. 9. Melting of the jelly and digestion (ripening) of the molten emulsion to build up speed 
and^ontrast. 10. Addition of colour sensitizers, stabilizers, plasticizers, hardeners, spreading agents, etc. 1 1. Coating on the film 
bate. 12. Chilling to set the emulsion. 13. Drying. 14. Cutting of the continuous roll of film into required sheet film sizes. 15. Final 
inspection and packing for dispatch. Various intermediate stages taking place are not shown; these include backing of the film base 
to provide anti-halo protection and to counteract curling, application of protective supercoat, etc. 
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of minute crystals (grains) which are prevented 
by the protective action of the gelatin from 
sinking to the bottom of the kettle or clumping 
together. 

Ripening. The emulsion crystals or grains are 
then grown in size to increase their sensitivity. 
This process of grain growth is described as 
ripening or cooking of the emulsion. It is 
carried out by heating the solution in the 
presence of a solvent for the silver halide. The 
effect of the solvent is to dissolve the smaller 
grains and deposit their substance on the larger 
grains. Different solvents are used for each of 
the different types of emulsion. Chloride 
emulsions require a surplus of potassium or 
sodium chloride, and iodo-bromide emulsions 
a surplus of potassium bromide or ammonia. 

Further gelatin is next added until the con- 
centration is approximately 7 per cent so that 
the emulsion sets to a jelly pudding on cooling 
to room temperature. The jelly is then put 
through a press, which squeezes it out in the 
form of noodles. In this state it is more easily 
washed. 

Washing is necessary because the process of 
precipitation which forms the insoluble silver 
halide also produces soluble sodium or potas- 
sium nitrate. This must be removed from the 
emulsion if it is to be coated afterwards on 
glass or film base. Any free ammonia must 
also be removed since these chemicals would 
form undesirable crystals. 

Digestion. The noodles are then melted and the 
emulsion subjected to further heat treatment 
known as digestion or after-ripening. No 
appreciable further grain growth takes place 
since no silver halide solvents are present, but 
the sensitivity of the emulsion increases con- 
siderably during this treatment for other 
reasons. Various chemicals are added in very 
small amounts in order to help increase the 
sensitivity — e.g., certain sulphur compounds, 
and more recently gold compounds. During 
the digestion treatment the chemical fog also 
tends to increase, so the heat treatment chosen 
must compromise between increasing sensitivity 
and keeping fog to a reasonable level. 

Further chemicals may now be added to the 
emulsion to improve its characteristics. Sensi- 
tizing dyes extend the colour sensitivity to 
include, green, yellow, or red, or even the infra- 
red end of the spectrum. Stabilizers ensure good 
keeping properties. Hardeners give the coated 
product resistance to surface injury from 
scratching and abrasion. Plasticizers keep the 
dry emulsion layer supple, and spreading 
agents help to make the subsequent coating 
uniform. These are only a few of the additions 
that may be necessary to produce the required 
type of emulsion. 

Films. Photographic film base used to consist 
of cellulose nitrate but in view of its inflam- 
mability it has been replaced in recent years by 
non-inflammable cellulose acetates, in par- 
ticular tri-acetate, and acetate-butyrate. The 


thickness of the base may be between 0-003 
and 0-01 in. with an emulsion coat of the 
order 0 005 to 0-002 in. Very often the emulsion 
surface is given a separate super-coat to protect 
it from abrasion. 

Many films are multicoated — e.g., for 
amateur use there may be two emulsion coats, 
the bottom coat slow, the top coat fast, to 
give great exposure latitude. Modem colour 
films possess three emulsion coats often 
separated by clear or coloured gelatin — all of 
which involves highly complicated coating 
operations. X-ray films are often coated on 
both sides of the base. 

To provide protection against irradiation and 
halation the emulsion may be coated on a grey- 
tinted film base. This absorbs much of the 
light that has penetrated the emulsion and 
prevents it from being reflected back into the 
emulsion to produce a halo around the true 
image. Alternatively film is often backed with 
a layer of dyed gelatin which is dissolved or 
bleached in processing. This gelatin backing 
also prevents the film from curling. The 
backing is usually applied before the film base 
is coated and there is also a “subbing” layer 
to ensure good bonding between the base and 
the emulsion. The subbing layer may consist 
of a weak solution of gelatin containing a solvent 
for the film base; it is so thin that it cannot 
readily be measured. 

Film Coating. As a rule the photographic 
emulsion is applied to its support by moving 
the support material and keeping the point, or 
better, line of application of the emulsion 
stationary. A long web of the film base may 
be passed over a roller which dips into a pan 
containing the melted emulsion. According 
to the viscosity of the emulsion and the rate of 
movement of the film, a more or less thick 
uniform layer is picked up. The web of film 
then passes through a chamber in which cold 
air is blown on to it causing the emulsion to 
set, or the film may be passed over a large 
chilled metal roller. It is then dried, for 
example by being hung up in festoons from 
overhead racks which slowly travel through a 
drying room. Once it is thoroughly dry the 
film is spooled. 

Papers. Photographic paper is produced on 
machines very like those used f or film except 
that there is less need for chilling because the 
paper base takes up water and thus concen- 
trates the gelatin solution causing it to set more 
readily. Paper emulsions are often not washed 
because the reaction products are absorbed by 
the porous paper base and do not harm. 

The raw material of the base used for 
photographic papers is carefully selected to be 
photographically inert. In particular it must 
be free from particles of iron or copper which 
would cause spots. 

Special surface characteristics may be im- 
parted both in preparing the base and during 
the coating operation. Smooth papers are 
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coated on a base prepared in a continuous 
machine which brushes on several thin coatings 
of baryta (barium sulphate) in gelatin. For 
other purposes the surface of the paper base is 
embossed before coating. 

The emulsion surface tends to be shiny if a 
gelatin supercoat is applied over the emulsion 
coat; it tends to be matt when there is no super- 
coat or when the ratio of silver halide to gelatin 
is relatively high. 

The paper base may be tinted, and in recent 
years paper manufacturers have added fluore- 
scent materials which give off blue light under 
the influence of the ultra-violet light present 
in ordinary daylight. This makes up for the 
slight yellowness of the gelatin and produces 
papers in which the highlights seem to be 
brighter than any ordinary white reflecting 
surface, thus considerably enhancing the 
appearance of the print. But such papers are 
not suitable for photomechanical reproduction, 
particularly of prints which have been re- 
touched or worked up with ordinary process 
white pigment because the pigment does not 
fluoresce and it tends to reproduce as a grey 
tone. 

Plates. Before coating, the glass must be subbed 
to ensure good adhesion of the emulsion. 
Often a backing layer is applied; it may consist 
of a dye in gelatin or other medium such as 
certain plastics which dissolve during pro- 
cessing. Plates are coated by running the 
melted emulsion through a slit on to sheets of 
glass. Careful control of the speed of movement 
of the glass results in a coat of uniform thick- 
ness. The glass sheets are then chilled and 
stacked in drying rooms through which clean, 
warm, dry air is passed. 

Finishing. The film is received from the coating 
department in wide rolls. To make it into 
roll film widths it is slit on large machines with 
rotating knives which cut it into strips and 
automatically reel it up again. Sheet film is 
cut on guillotines. Some types of film — e.g., 
cine film — have edge perforations which are 
made in a separate automatic punching 
machine. 
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Paper is finished in much the same way as 
film. 

Plates often have to be cut from larger 
coated sheets because jt is more economic to 
coat glass sheets in large sires and because it is 
not easy to carry a uniform coating right to 
the edge of the glass. 

Packing. Before being packed, the sensitized 
materials receive a thorough inspection (which 
is becoming increasingly difficult to arrange as 
the sensitivity of emulsion increases). 

The packing is designed to supply the 
material to the customer in the most convenient 
form, and to protect it in transit and against 
adverse climatic conditions. The packing 
material itself is selected with great care to 
ensure that it is photographically inactive, 
especially where it is in direct contact with the 
emulsion surface. 

Cine film, which is supplied in continuous 
lengths up to 1,000 feet, is spooled on the 
perforating machines which also cut it to 
length automatically. 

Roll films are spooled on semi-automatic 
machines, loaded with long lengths of backing 
paper and film already slit to the correct width. 
The paper is supplied ready printed with frame 
numbers and indicator marks, and the machine 
automatically cuts the film into the corres- 
ponding lengths. These lengths of film are 
secured to the paper and sealed on the spool 
by hand. Further wrapping operations may 
also be carried out on automatic machines if 
the volume of production warrants it. 

Paper packing can be carried out by brighter 
light and it raises no particular problems. 

Plates are mostly packed by hand because 
the spacers or sheets of interleaving paper 
which keep the emulsion surfaces apart are 
easier to insert by hand than by machine. 

Materials for tropical use are often packed 
in metal boxes which are closed by soldering. 
More recently heat-sealed packaging has been 
introduced. W.F.B. 

Books: Photographic Emulsion Technique , by T. Thome 
Baker (London); The Theory of the Photographic Process , 
byC. E. K. Mees (New York). 


SENSITIZER. Any substance which makes 
another react to light, or which extends the 
range of radiations to which a substance is 
sensitive, or increases its sensitivity. The two 
main types used in photography are chemical 
and optical sensitizers. 

Chemical Sensitizers. These act by forming a 
light-sensitive compound with another sub- 
stance, e.g., bichromates react with gelatin 
and other colloids under the action of light to 
produce a compound which is insoluble in hot 
water. In the early days of photography silver 
nitrate was also referred to as a sensitizer, 
because photographic plates and papers were 
prepared by coating a support with a solution 


containing, among other things, a soluble 
halide. This was then sensitized with silver 
nitrate, forming light-sensitive silver halide. 

In the field of conventional silver halida- 
gelatin emulsions, “chemical sensitization" 
refers to ways of producing silver halide grains 
with a high inherent sensitivity to light in the 
absorption band characteristic of the particular 
halide. The usual silver iodo-bromide grain is 
self-sensitive to ultra-violet and violet light. 
Chemical sensitization is, in effect, a matter of 
conditioning the silver halide crystal, or more 
particularly its surface, so as to render it more 
fertile for the production of development 
centres. 
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Sensitization can be achieved by the con- 
trolled production of specks of silver sulphide, 
of gold, of silver, or of a mixture of these. The 
gelatin itself plays a most important but not 
fully understood r61e in sensitization. Without 
gelatin — or a substitute colloid — the efficiency 
of the action of light in forming developable 
centres is very poor. The colloid stabilizes the 
latent image speck and prevents its spontaneous 
decay or fading. 

Although chemical sensitization can yield 
emulsions of very high working speed, the 
sensitivity remains confined to blue light. In 
normal emulsions the gelatin itself acts as a 
dense filter against sensitivity to ultra-violet 
light. If the sensitivity of the emulsion is to be 
extended to other wavelengths in the direction 
green-yellow-red-infra-red, it is necessary to 
resort to “optical sensitization” by means of 
dyes. 

Optical Sensitizers. Vogel found, in 1873, that 
by the addition of coralline dye the sensitivity 
of collodion dry-plates could be extended into 
the preen band of the spectrum. Other early 
sensitizers were chlorophyll (red), eosin (green), 
and erythrosin (green). An advance in dye 
sensitization came with the introduction of 
cyanine dyes of which pinacyanol was notable. 
This dye was incorporated in the emulsion of 
the first panchromatic plates of Wratten and 
Wainwright. In the past 50 years innumerable 
organic dyes have been specially prepared and 
tested as sensitizers. In some cases improved 
results are found when two dissimilar dyes are 


used together. One dye acts as a supersensitizer 
towards the other. 

In general, a sensitizing dye confers in- 
creased sensitivity to the silver halide grain 
at those wavelengths at which it absorbs light 
when it is adsorbed to the grain. The colour of 
the dye, when the latter is present as a close- 
packed layer of molecules on the surface af a 
silver halide grain, owes something to the close 
packing; it shows a marked absorption band 
at a higher wavelength than the absorption 
characteristic of the separated dye molecules. 
Thus, for efficient dye sensitization it is import- 
ant to achieve a continuous layer, one mole- 
cule thick, over the grain surface. This layer 
of close-packed dye molecules can act as a 
conductor for light energy, allowing the excita- 
tion from an adsorbed quantum to be felt 
over a large area of grain surface, thus in- 
creasing the probability of a fruitful reaction 
with the silver halide. G.I.P.L. 

See also: Latent Image; Sensitized materials manufac- 
ture; Spectral sensitivity. 

SENSITOMETER. Instrument used in re- 
cording the response of a light-sensitive material 
to a range of exposures. There are two types 
of sensitometer; one which subjects the sample 
of material to a series of lengthening expo- 
sures under a light of constant intensity, and 
the other which exposes adjacent strips of the 
material for the same length of time to a range 
oflight intensities. 

See also: Serultometry . 


SENSITOMETRY 


The science of sensitometry may be said to 
be founded upon a paper by Hurter and 
Driffield entitled Photochemical Investiga- 
tions and a New Method of Determination of 
the Sensitiveness of Photographic Plates, pub- 
lished in 1890. Today the name is often used to 
describe the testing of photographic materials. 

Sensitometry seeks to establish accurately 
the relationship between exposure and density 
for any given photographic material. (In sensi- 
tometry, exposure is the product of intensity of 
light and time of exposure, not just the time of 
shutter speeds as in common parlance.) This 
relationship between exposure and density is 
often very difficult to define in words and such 
indefinite terms as “high speed”, “low con- 
trast” and “poor blacks”, etc., have a very 
limited use. The chief aim of sensitometry is to 
derive accurate numerical values for the expo- 
sure-density relationship of a material to enable 
guess-work to be eliminated and the results 
stated in units which can be universally applied 
and compared. 

Many sensitometric standards have now 
been set up by the British Standards Institution 
and the American Standards Association as 


well as standards organizations of other 
countries, and sensitometry has become almost 
indispensable both to the scientific and the 
practical photographer. 

Sensitometry is used mainly to measure the 
effects of the visible spectrum, ultra-violet, 
infra-red and X-rays, but some work is also 
carried out with gamma-rays, electrons and 
nuclear particles. 

A sensitometric test on a given sample of 
light-sensitive material starts with subjecting 
the material to a series of standard exposures 
in a sensitometer. It is then processed under 
controlled standard conditions. Then the 
sample is examined in a densitometer which 
measures the densities recorded on the material. 
Finally a characteristic curve is plotted from the 
readings obtained in the densitometer. This 
curve shows the density values on a base of 
log exposure and provides a complete descrip- 
tion of the response of the sensitized material 
to exposure and processing. 

Control of Conditions. For sensitometry to be 
of maximum value, especially to the practical 
photographer, it is generally essential for the 
conditions to be identical with those used in 
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practice. When this is difficult, a correlation- 
ship can sometimes be established between the 
results obtained under the sensitometric condi- 
tions and those obtained in the type of work 
concerned. 

The spectral sensitivity of many photo- 
graphic materials differs from that of the eye. 
There are four main photographic sensitizings 
available, blue (ordinary), orthochromatic, 
panchromatic, and infra-red, and in each of 
these groups, and sometimes between different 
manufacturers in the same group, there may be 
minor differences according to the exact re- 
quirements. Because of these factors it is very 
important that the colour temperature of the 
light source is suitably chosen when making 
a sensitometric test. 

The exact method of exposure — i.e., whether 
by an intense light for a short time or a weak 
light for a long time, and whether steady or 
intermittent — is extremely important because of 
the reciprocity failure of photographic 
materials; the density obtained depends not 
only upon the product of intensity and time, 
but upon their individual values. In practice 
exposures vary widely because of the great 
differences in light intensity encountered; the 
astronomer may expose for hours, the studio 
photographer for seconds, and the sound- 
recording engineer for 1/50,000 second, while 
an electronic flash may only last a few mil- 
lionths of a second. 


SENSITOMETERS 

The sensitometer is the instrument used to 
give the sensitized material under test a series 
of controlled exposures. It consists essentially 
of a light source, a method of modulating the 
exposure and a holder for the material being 
tested. 

The Light Source. The unit of luminous inten- 
sity adopted within the last few years is the 
candela. This unit is based upon the light 
intensity emitted by solidifying platinum and 
only differs slightly in value from the inter- 
national candle previously used. It is too in- 
convenient to use such a light source in a 
sensitometer and in any case the colour tem- 
perature of solidifying platinum is too low 
for most photographic purposes; correction 
filters would have the disadvantage of cutting 
down the light. Secondary standards, in the 
form of electric tungsten filament lamps, are 
set up by such bodies as the National Physical 
Laboratory in England or the Bureau of 
Standards in the United States of America. 
In commercial sensitometers, carefully selected 
and aged Class A projector bulbs are used, 
being under-run to increase their life. These 
lamps are usually fed by a D.C. supply because 
of difficulties arising from the fluctuations in 
intensity with A.C. supplies. The supply voltage 
has a marked effect on the light intensity, so it 
has to be very accurately controlled. 


It is very important to control the spectral 
energy distribution or colour temperature of 
the light source. Within limits the colour tem- 
perature of electric filament lamps may be con- 
trolled by varying the voltage across the lamp, 
but colour temperatures above 3000° K cannot 
be obtained without considerably reducing the 
stability and the life of the lamp. Further 
control of the colour temperature is achieved 
by light filters known as photometric filters. By 
their use the light from a stable filament lamp 
can be adjusted to the required colour tempera- 
ture. The characteristics of such filters depend 
on the colour temperature of the source. They 
may be made of gelatin, glass, or they may be 
liquid filters. Of the three types, gelatin filters 
are usually the least accurate. To reproduce 
daylight, the filter used is the Davis-Gibson 
liquid filter employed in the BSI and ASA 
speed systems. 

Here a tungsten lamp working at 2360°K 
in conjunction with the filter gives a colour 
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TIME SCALE SENSITOMETER. Top: General layout. A lamp 
with a correction filter illuminates the sensitive material 
behind a sector wheel. A, correction filter. B, sector wheel. C. 
sensitive emulsion. Centre: The angles of the sector apertures 
increase in geometric progression, each being twice as large 
as the preceding one. An automatic shutter exposes the test 
material during one turn of the wheel. Bottom: Arrangement 
af drive. The wheel Is driven through a piece of soft rubber to 
ensure even speed and to take up any Jerkiness in the movement 
of the motor. D, soft rubber coupling disc. 
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Bottom: Falling plate sensitometer. A, shutter consisting of 
plate with slot. B, wedge. C, sensitive material. 

temperature of 5400°K, referred to as artificial 
mean noon sunlight. 

Modulation of Exposure. The exposure received 
by any photographic material is dependent 
upon the product of the time of exposure and 
the intensity of the light. Consequently, expo- 
sure can be modulated either by a time scale 
or by an intensity scale. 

Although time scale modulation is not very 
common in practical photography, time scale 
sensitometers are quite frequently used. This is 
because they are, perhaps, easier to make than 
intensity scale instruments and within certain 
limits the reading can be correlated with the 
intensity scale used in practice. Such instru- 
ments are often used for batch control of any 
one grade of sensitized material where any 
variations in sensitometric properties are likely 
to be small. 

A common method of time modulation con- 
sists firstly of inserting between the light source 
and the material under test an opaque disc 
(called a sector wheel) from which has been 
cut out a series of accurately measured slots 
of varying length. On rotating this sector wheel 
at a constant speed for one revolution the 
material is exposed in strips for a series of 
times which depend upon the exact contour of 
the cut-out. 

One well-known commercial instrument, 
widely used in the cine trade, uses a rotating 
drum instead of a sector wheel. In this case the 
drum carries a cut-out which gives a series of 
twenty-one stepped exposure times, each time 
being y' 2 longer than the previous one. The 
drum is horizontal and the light enters the 
inside of the drum and is reflected upwards by a 
mirror, through the cut-out, on to the material 
under test. 

An obvious method of setting up an intensity 
scale is either to expose adjacent strips of the 
material to light at varying distances or to 


cover the light with apertures of varying sizes. 
In both methods the intensity scale is governed 
by the dimensions of the apparatus. Neither 
system is very convenient, however, especially 
as it is desirable to make the whole range of 
exposures simultaneously on to a single sample 
of material of reasonable size. Sensitometers 
based on a range of apertures have been made, 
but the most common method of obtaining an 
intensity scale today is to expose the sample 
under test through a wedge of light-absorbing 
material. 

A typical example is the Goldberg wedge 
which consists of a wedge of gelatin, containing 
a neutral colouring material, cast between two 
glass plates. The greater the density or thickness 
of the wedge the lower the intensity of the light 
reaching the material. This is a continuous 
wedge. Discontinuous or step wedges, where the 
density increases in discrete steps, are also in 
common use. The rate of change of density per 
centimetre in the case of a continuous wedge or 
the density increase per step in a step wedge is 
known as the wedge constant. The selection of 
the wedge constant varies with the job in hand, 
but for use with negative materials a typical 
step wedge might have a density range of three, 
comprising thirty steps, each step having a 
density 0 1 greater than the previous one. Silver 
wedges made by the photographic process are 
frequently used to-day. A section of the wedge 
may be covered by colour filters so that the 
spectral sensitivity or the material may also be 
studied. 

Intensity scale sensitometers in addition to 
the step wedge require an accurate shutter to 
determine the exposure time that the whole 
wedge receives. If the exposure time is long, 
say 30 seconds, then it can be manually con- 
trolled fairly accurately, but when the time 
becomes short — e.g., 1/25 or 1/500 second — an 
automatic shutter is called for. There are three 



STANDARD DEVELOPMENT. For the B.S. method of sensito - 
metric development the test material, strapped to a glass 
strip, is constantly and thoroughly agitated inside a vacuum 
flask containing the developer at standard temperature. 
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commonly used shutters: a sector wheel carry- 
ing a single wide slot, a falling plate shutter 
in which a heavy metal plate with a slot in it 
is allowed to fall under gravity, and a pendulum 
shutter in which the exposure is timed by 
allowing a pendulum carrying a disc with a 
radial cut-out to swing from a fixed distance. 
Processing the Material. After exposure in the 
sensitometer the material must be processed 
in a uniform and reproducible manner. The 
development stage in particular has to be care- 
fully controlled for time, temperature and 
degree of agitation. To reproduce the time and 
temperature of development used in practice 
is simple, but to ensure constant and suitable 
agitation of the developer is less easy. In 
practice development may be carried out in a 
deep tank with negligible agitation, in a dish 
with poor agitation or perhaps in a machine 
with vigorous agitation. Here it is sometimes 
better to set up a correlation between labora- 
tory conditions and practical conditions, 
choosing reproducible laboratory conditions. 

In the laboratory, processing is sometimes 
carried out in a machine in which the sensito- 
metric strips are fastened around a cylindrical 
drum. This drum is then rotated at a controlled 
rate in a cylindrical developing bath, the dia- 
meter of which is only slightly greater than the 
diameter of the drum. The agitation is increased 
by baffles on the inner surface of the develop- 
ing tank. After development, the drum, still 
carrying the strips, is transferred first to a stop 
bath and then to the fixer, both of which are in 
vessels similar to that used for the developer. 
All solutions are thermostatically controlled 
by means of a surrounding water jacket. 

Another carefully controlled method of 
development is that described by the British 
Standards Institution and the American 
Standards Association for the determination of 
speed. Here the development is carried out in a 
vacuum flask which is agitated systematically. 

Fixing and drying conditions should also be 
constant. 

DENSITY MEASUREMENT 

After the material has received a series of 
exposures in the sensitometer and has been 
processed, it is necessary to measure the degree 
of blackening, or density, which corresponds to 
each of the known exposures. Quite a reason- 
able estimate of density may often be made 
visually by comparing the processed material 
with a wedge of known density values, although 
this method is not very accurate for very low or 
for high densities. For example, transmission 
densities between 0-1 and 0-5 can be estimated 
visually, with a little practice, to within ± -02. 
It is, however, often essential to have a pre- 
cision instrument capable of measuring a wide 
range of transmission and reflection densities 
both accurately and quickly. Such an apparatus 
is known as a densitometer. 


SEN 

Transmission density (of negatives, etc.) is 
defined as the logarithm of the ratio 
incident light 

transmitted (emergent) light 
reflection density (from a paper print) is defined 
as the logarithm of the ratio 

incident light 
reflected light 

From this it will be seen that the densitometer 
must be able either to measure light intensities 
or, more often, to be able to adjust two light 
intensities so that they are equal. When the 
apparatus is used for such measurements of 
light in general, it is known as a photometer, 
but when adapted to the measurement of 
densities it becomes a densitometer. It is 
possible to tell when two light intensities are 
equal by adjusting the instrument so that the 
two resulting light fields are equally luminous 
when seen alongside each other in the eye- 
piece of the photometer. 

The transmitted or reflected light must be 
measured in a special way if the resulting 
density measurements are to be of value, and 
diffuse densities are therefore normally em- 
ployed. In the case of transmission density, 
the diffuse density based on the total light 
transmission is measured. This is because 
diffuse density is well defined optically whereas 
specular density, based on the portion of the 
transmitted light that passes through in a 
straight line, depends upon the optical details 
of the particular process concerned. 

The densities used, for example, in contact 
printing are diffuse whereas in a condenser 
enlarger they are specular. When looking at a 
photograph it is the diffuse densities that are 
important and it is necessary to keep specular 
reflection to a minimum in order to avoid 
glare. 



CAPST AFF-PURDY DENSITOMETER. The unknown density is 
balanced against a constant one with a calibrated wedge. 
A, eyepiece. B, semi-reflectJng mirror. C, unknown density. 
D, wedge. E, lamp. F, mirrors. 
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Diffuse transmission densities are readily 
obtained by placing the area to be measured in 
contact with a piece of opal glass. In measuring 
diffuse reflection densities in a reflection 
densitometer, the principal specular reflection 
is avoided by allowing the incident light to fall 
on the sample at an angle of 45° and measuring 
the light reflected at 90° to the surface. 

Visual Densitometers. In one of the simple 
forms of densitometer a photometer head is 
used to determine when two beams of light 
from two similar lamps are of equal intensity. 
The density to be measured is inserted into one 
beam and into the other beam is placed a 
continuous wedge the density of which is known 
at each point. The position of the wedge is 
adjusted until the fields balance. At this point 
the unknown density is equal to the known 
density of the wedge. The value can then be 
read from a scale on the instrument. If the 
density being measured is low, the intensity in 
the eyepiece will be high, whereas if the density 
is high the intensity will be low; for this reason 
such a densitometer is described as a variable 
intensity type. These instruments are by no 
means ideal because at low densities the eye is 
dazzled and at high densities the light is so 
feeble that the matching of the photometric 
field becomes difficult. 

Another class of visual densitometer works 
at constant intensity, a well-known example 
being the Capstaff -Purdy instrument for 
measuring transmission densities. In this case 
one lamp is used and its light is split into two 
beams. One beam, suitably diffused to make it 
uniform, reaches the photometric head by 
reflection from mirrors. This is the reference 
beam and as such remains constant. The second 
beam of light passes first through a calibrated 
wedge and then through the unknown density 
before it reaches the eyepiece. The intensity of 
the reference beam, when the photometric 
field is balanced by adjusting the wedge, is 
equal to the intensity of the other beam after 
passing both the unknown density and the 
density of the wedge at the point of balance. It 
is then simple to calibrate the wedge so that the 
density value of the unknown sample can be 
read directly. With this type of instrument 
continual adaptation of the eye is not neces- 
sary and the sensitivity is constant over the 
whole range. The accuracy of this densitometer 
depends on the ability of the operator to 
balance the photometric field and on how 
carefully the wedge is calibrated. 

Photo-electric Densitometers. Visual densito- 
meters are rather slow and tiring to use and 
sometimes not sufficiently accurate. These 
drawbacks have been largely overcome by the 
design of photo-electric densitometers. In 
these instruments the balancing of the two light 
intensities can be carried out by means of a 
photo-electric cell instead of by the eye. 

In one commercial densitometer the light 
transmitted by the test density falls on to a self- 


generating barrier layer cell. The current gene- 
rated, which is proportional to the light in- 
tensity, is passed to a micro-ammeter cali- 
brated in densities. Another instrument employs 
a photo-emissive cell coupled to a valve 
amplifier for the same purpose. Both these 
densitometers can be adapted to measure 
reflection densities. 

Recording Densitometers. In the manufacture of 
sensitized materials and in many photographic 
processes it has become essential to plot 
numbers of characteristic curves accurately 
and quickly. Both visual and photo-electric 
densitometers have been designed so that the 
characteristic curve can be automatically 
plotted on to a sheet of graph paper. 

Briefly the method used is as follows. By a 
suitable mechanical coupling, the movement 
of the wedge modulating the light moves the 
plotting point along the density axis of the 
graph. The graph paper is attached to a platen 
which moves along the exposure axis of the 
graph according to the exposure received by the 
sensitometric strip. It is then only necessary 
for the operator to traverse along the sensito- 
metric strip and keep the indicating needle of 
the photometer steady by adjusting the wedge 
control. The plotting point then automatically 
traces the characteristic curve of the material 
on the graph paper. 

APPLICATION OF RESULTS 

Once the characteristic curve has been 
plotted, various parameters such as speed, 
gamma and fog can be evaluated. 

Particular care has to be taken to ensure 
that the values derived from the curve are 
those significant to the process concerned. 
Sensitometry aims at replacing, at least in part, 
the skilled observer. The human eye, however, 
is very sensitive, and the practised photo- 
grapher, comparing prints for example, can 
detect differences that are not easily evaluated 
sensitometrically unless the parameter used is 
carefully derived from the exact part of the 
characteristic curve concerned. The H. & D. 
speed, for example, is of little value to the press 
photographer when he has to work under very 
adverse lighting conditions and is only likely 
to expose on the toe of the characteristic curve; 
here the DIN speed is far more valuable. On 
the other hand, a worker in photo-mechanical 
reproduction is often concerned with the 
speed at the shoulder of the curve. A similar 
argument holds for contrast. One process may 
place more importance on the straight line 
portion of the curve, whilst others may be 
governed by the average slope of the toe or the 
shoulder. 

In particular, sensitometry is one of the most 
powerful tools available to the research worker 
and is in constant use for investigations into the 
theory of the latent image, of development and 
of emulsion manufacture. 
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In Manufacture. The photographic emulsion 
on its support of film, paper or glass is an 
extremely delicate system and considerable 
vigilance is required to maintain the high degree 
of reproducibility from batch to batch that is 
found today. In controlling manufacture and 
testing the finished product, sensitometry is 
extensively used for obtaining precise figures 
for speed, contrast and fog. These figures for 
the finished product must fall within predeter- 
mined limits or the material is rejected. 
Determining Speed. Sensitometric measure- 
ments form the basis of all methods of expo- 
sure determination because to arrive at the 
exposure required for any particular photo- 
graph it is necessary to know the speed of the 
sensitive material being used. The speed is 
derived sensitometrically in terms of H. & D., 
Scheiner, DIN, B.S.I. and A.S.A. units, etc. 
Tone Reproduction. A paper print is often the 
aim of the photographer. In order to obtain 
the best possible tone reproduction the photo- 
graphic process has to be well analysed. This 
has been done very successfully by a method 
first suggested by L. A. Jones. By considering 
in tum the luminosity range of the subject, 
the luminosity range of the image formed by 
the lens, and the negative and positive charac- 
teristic curves, it is possible to build up a tone 
reproduction diagram of subject luminosity 
plotted against print density. 

Reversal Processes. The latitude of reversal 
films is increased by either using solvent 
developers or the method of controlled second 
exposure. Here the initial image is bleached out 
and the final positive image is obtained by 
fogging and developing the remaining silver 
halide. Without sensitometric control at each 
stage these processes would become almost 
unworkable. 

Duplicate and Copy Negatives. It is often neces- 
sary to prepare duplicate negatives or negatives 
of a contrast differing from the original. A 
knowledge of the appropriate sensitometric 
values of a suitable range of materials enables 
this to be done without any guesswork and 
reduces waste to a minimum. This includes 
deriving the correct exposure time from the 
known exposure required through a given 
density. 

Cinematography. In a sound film the picture 
and sound track have each to comply with 
certain conditions even though they are 
developed together — i.e., the picture must be 
uniform and suitable for projection, and the 
sound track, whether variable area or variable 
density, has to give the correct pitch, intensity 
and timbre, and be as free as possible from 
background noise. In addition a negative- 
positive process is involved and many dupli- 
cates of the film have to be prepared. Here, 
sensitometry is needed at each stage. 

Processing. Characteristic curves provide a 
convenient way of comparing different develo- 
per formulae for speed and contrast. In large- 


scale developing baths, sensitometric control 
strips are used together with chemical analysis 
of the developer to determine the most effective 
and economical way of replenishing the bath 
in order to keep its activity constant as more 
and more material is developed. 

By drawing characteristic curves, photo- 
graphic reducers or intensifies can be examined 
and divided into various groups according to 
the way in which they affect the various 
density levels. Reduces, for example, may be 
quickly classified as subtractive, proportional 
or superproportional. Some intensifying solu- 
tions alter the colour of the image with the 
result that the printing density is different from 
the visual density because of the difference 
between the sensitivity of the emulsion and 
that of the eye. This aspect of photographic 
photometry, as it is called, can be evaluated 
sensitometrically. 

Colour Photography. Sensitometric control 
enters into colour processes at many stages. 
With the most common colour materials, the 
subtractive integral tripack films, the three 
sensitive layers must be suitably balanced 
during manufacture. 

The film is prepared so that the speed to blue 
of the blue-sensitive layer is the same as the 
green speed of the green-sensitive layer and the 
red speed of the red-sensitive layer. That con- 
dition must hold good over the whole scale of 
gradations the film can record; in other words, 
the gammas of the coloured images obtained 
must be virtually the same for all three layers 
when developed together for a fixed time. 

Separation negatives also need sensitometric 
balancing to ensure correct colour reproduction. 
In practice this is best achieved by photo- 
graphing on each separation negative a step 
wedge of known and increasing neutral densi- 
ties at the same time as the subject. If the effec- 
tive densities of each step (as measured on the 
coloured positives through a complementary 
filter) are identical, the component colour 
densities will balance and the wedge appears 
grey. For complete balance, the densities must 
be identical along the whole range. In other 
words, a curve plotting the density of each step 
on the positive as a function of the density of 
the corresponding steps on the original wedge 
must be a straight line for each positive. In 
addition, each curve must have the same slope, 
namely 1 ’0. 

Although the whole cycle of negative — 
silver positive — colour positive must yield a 
correct set of wedge curves, the individual 
steps do not have to correspond. Thus the 
blue separation negative may have a lower 
gamma and be compensated in printing, or the 
positives may have different gammas if the 
method of dyeing makes this necessary. E.F.T. 

See also: Characteristic curve: Gamma : Speed of sensi- 
tized materials. 

Books: Progress In Photography (2 vols.), ed. by D. A 
Spencer (London); Sensitometry , by L. Lobcl and M. 
Dubois (London). 
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SEPARATION NEGATIVES 


It follows from the principles of colour 
photography that the complete range of 
colours can be reproduced by first analysing 
them into three black-and-white records, one to 
represent the reds in the subject, one the 
greens, and the third the blues. 

Such analysis records can be made by making 
three separate exposures of a subject through 
red, green, and blue colour filters respectively, 
upon panchromatic emulsions. The three 
negatives obtained in this way are called colour 
separation negatives, because in them the 
spectrum has been separated into three parts. 

The three colour records can then be 
synthesized into a colour print by printing the 
red record in a minus red colour, blue-green 
(cyan), the green record in a minus green 
colour, magenta, and the blue record in a 
minus blue colour, yellow. The three coloured 
images when superimposed will give the colour 
print showing the subject in more or less its 
original colours. 

After printing the colour separation nega- 
tives, the three resulting colour records have to 
be superimposed to reform the picture into 
colour. The three colour component images 
must therefore be exactly the same size and 
shape, otherwise they would not register pro- 
perly and the picture would show colour 
fringes. 

Separation negatives can be made either 
direct from the subject or from colour trans- 
parencies. The former system gives the best 
results, but often introduces practical pro- 
blems that limit its usefulness. 

DIRECT SEPARATION 

Separation negatives can be exposed directly 
from the subject, or made via a colour trans- 
parency. There are three methods of exposing 
direct separation negatives: 

(1) Still life subjects may be photographed 
by making three successive exposures in an 
ordinary camera. There must be no movement 
either of the subject or the camera, otherwise 
the negatives will not register properly. 

(2) A repeating back will help to make the 
three successive exposures in quick succession. 
Automatic repeating backs make all three 
exposures within a couple of seconds, and can 
be used for relatively static subjects, including 
tome portraits. 

(3) A one-shot colour camera exposes all 
three separation negatives simultaneously. 
Such cameras are relatively expensive and 
delicate, and their use is therefore somewhat 
limited. 

Separation negatives can be made from 
colour transparencies, but they are never quite 
as satisfactory as negatives exposed directly 
from a subject. However, most transparencies 
will yield acceptable separation negatives. 


The Three Colour Records. Colour prints arc 
made by using three printing colours which 
are the complementary colours of the filters 
used when exposing the negatives. 


TAKING AND PRINTING COLOURS 


Colour Filter for 
Exposing Separation 
Negative 

Complementary 
Colour Reflects 

Name of 
Complementary 
Printing Colour 

Red (R) 

Blue and green 

Cyan (C) 

Green (G) 

Red and blue 

Magenta (M) 

Blue (B) 

Green and red 

Yellow(Y) 


A particularly bad habit which is unfor- 
tunately common in the printing trade is to 
call the magenta and cyan printing colours red 
and blue respectively. By using the C-M-Y 
terminology for the printing colours there can 
be no confusion about which colour record is 
meant. 

Equipment. For successively exposed separa- 
tion negatives of static subjects the camera 
must be sufficiently rigid to remain set in 
exactly the same position while all three 
negatives are exposed. A very firm tripod is of 
course essential. The dark slides must be 
accurately made so that each slide holds the 
sensitive material in exactly the same plane. 

One-shot colour cameras are available in 
single-reflector and double-reflector types. 
The single-reflector type is now obsolete, 
because the special bi-pack films they required 
are no longer made. Double-reflector cameras 
can be used with ordinary plates or sheet film, 
and the semi-silvered pellicle reflectors are 
positioned accurately by the maker so that the 
camera gives three negatives in good register. 
The metallizing of the pellicles and the depth 
of the colour filters are designed to give 
balanced negatives with any particular light 
source and sensitive material. 

Colour Filters. Separation negatives are almost 
invariably made on panchromatic material 
through red, green, and blue colour filters. The 
hues of the tricolour filters have been fixed 
for many years, although the exact depth of 
the filters varies slightly from maker to maker. 
One maker's filters will work perfectly well 
with another maker’s sensitive material when 
taking separation negatives direct from the 
subject, although the filter factors will probably 
vary. 

For colour separation work, it is generally 
better to use the inexpensive gelatin filters 
than glass filters of possibly doubtful quality 
glass. 

When making successive exposures, the 
filters must be held in front of the camera lens 
by means of a holder which allows the filters 
to be changed without moving or shaking any 
part of the camera. 

With repeating backs and one-shot colour 
cameras, the filters are directly in front of the 
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sensitive material. In this case a glass filter in 
the beam behind the lens will affect the focus 
position, so it is essential to focus visually with 
the filter in place. 

Filter Factors. The manufacturers of plates and 
films give approximate filter factors for each of 
the tricolour filters with their various materials. 
Although quite useful as a guide, these factors 
can only be accurate if they were determined 
under exactly the same conditions as will be 
used for making a particular set of separation 
negatives. 

The reasons for this are as follows: 

(1) The colour temperature of the light source 
may be different from that used by the manu- 
facturer. 

(2) The published filter factors are generally 
based on the same time of development f or all 
three colour records, whereas in most cases 
the separation negatives need somewhat 
different times of development. 

(3) The exact depth of colour filters varies 
from batch to batch. 

(4) There are variations in colour sensitivity 
between batches of emulsions 

(5) Reciprocity failure may change the effective 
sensitivity of the material at different exposure 
levels. 

Filter Ratios. In the past it has been usual to 
give filter factors, which by definition are 
relative to the unfiltered (white light) exposure. 
But now it is becoming increasingly common 
to speak only of filter ratios — that is, the ratio 
of the three filtered exposures relative to one of 
them. 

For convenience, one of the three exposures 
—often the red filter record, being the shortest 
of the three — is taken as unity. But many 
workers prefer to consider the green exposure 
as unity, because the green filter negative looks 
most like a normal black-and-white negative, 
and its quality is more easily judged. 

With filter factors of 3, 6, and 12 for the 
R, G and B exposures respectively, the ratios 
would be 1, 2 and 4, relative to the red, or 
j, I, and 2 when the green is taken as unity. 

As reciprocity failure may upset the balance 
of filter factors when the exposure times are 
changed, it is preferable to work with the 
tricolour filters balanced to 1 : 1 : 1 ratios; 
then all three exposures are always of equal 
duration. 

Tricolour filters can be balanced by adding 
a suitable neutral density filter to each of the 
two filters with the lower factors. Each of the 
three exposures then becomes as long as the 
longest. Neutral density filters are available in 
various depths, in increments of approximately 
0 05 of density, up to a density of 1 00 (multi- 
plying the exposure 10 times). 

For quantity work it is well worth balancing 
the filters to 1 : 1 : 1 ratios. In some cases, the 
manufacturers will supply special tricolour 
filters with the neutral density of the required 
depth incorporated. 


Materials. Plates are the logical choice for 
colour separation work, because they cannot 
shrink or distort and give trouble with register. 
Film can also be satisfactory provided each 
of the three separation negatives receives 
exactly the same treatment so far as the total 
time wet, and the orientation of the pictures 
when drying, is concerned. 

A medium speed panchromatic emulsion is 
the most suitable since it has a long tonal scale. 
Most manufacturers offer materials specially 
suitable for making colour separation nega- 
tives, sometimes designed to give substantially 
equal contrast on all three colour records with 
the same time of development. 

Negative Balance. The three separation nega- 
tives must naturally bear the correct rela- 
tionship one with the other, so that they can 
reproduce the various colours in their correct 
proportions. 

The fundamental requirement of separation 
negatives is that any neutral present in the 
original (such as a white, or a grey, or a black) 
should be reproduced as an identical density 
on each of the three negatives. This assumes 
the absence of any colour cast. 

A grey scale can be made with pieces of 
bromide paper, one white (unexposed and 
fixed out), several greys (lightly fogged and 
developed), and one black (well fogged and 
developed). When exposing the separation 
negatives, the grey scale should be placed so 
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CONTACT SEPARATIONS. Set-up for contact printing of masks 
and separation negatives. A, pyramid safellght housing . B, 60 
watt pearl lamp. C, flashed opal sheet. D, opoque screen. E, 
colour filter in simple mount. F, printing distance: 36 Ins. far 
small transparencies, 72 ins. for large ones. G, printing frame, 
with transparency and negative material far separation. 
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that it is recorded somewhere near the edge of 
the negatives, but lies just outside the subject 
matter being photographed. The lighting on 
the grey scale should as far as possible be the 
same as on the subject. 

The exposure and development of the 
separation negatives must be adjusted to give 
as near as possible identical reproduction of 
the grey scale on each of the three negatives. 
Identification. When printing a set of separa- 
tion negatives, it is of course necessary to 
know which is which colour record. To identify 
the negatives include three colour patches, 
red, green, and blue (marked R, G, B) in the 
subject, alongside the grey scale. When repro- 
duced on the negatives, one of the three patches 
will appear dense, this patch indicating which 
colour filter was used for that negative. For 
example, in the green filter negative, the green 
patch will appear heavy, and the other two 
will be light. 

Alternatively use patches of cyan, magenta, 
and yellow colours. In this case the lightest 
patch identifies the negative. 

The colour patches can be made by using 
poster colours, and can be painted alongside 
the edge of the grey scale. 

Some makers supply colour separation 
guides which contain a grey scale and identi- 
fication patches already made. However, most 
photographers prefer to make their own in 
various sizes to suit different types of subject. 
Lighting and Exposure. Lighting for colour 
separation negatives is basically similar to 
lighting for any other colour work. But where 
the picture is to be reproduced as a paper 
print, it is best to avoid harsh contrasts of 
lighting. All lights on the subject must be of the 
same colour temperature, or else some of the 
light will photograph either too blue or too 
orange. 

The filter factors will vary according to the 
colour temperature of the light. The lower the 
colour temperature, the redder the light, and 
so the red filter factor becomes lower and the 
blue higher. By standardizing on a particular 
type of light source, the filter factors will 
always be the same under given conditions. 

Colour separation negatives need correct 
exposure because colour prints show up errors 
in the negatives that would pass unnoticed in 
black-and-white work. 

Inaccurate filter factors reduce the exposure 
latitude for the set of negatives. This is because 
some of the available latitude is used up by the 
filter factor error on one (or two) of the nega- 
tives. 

Processing. The three negatives must receive 
even development to the correct degree of 
contrast. 

Dish development gives the most even 
results. Three small plates can be developed at 
the same time, either in a dish with a separating 
cage in the bottom to prevent them sliding 
over each other, or in three separate dishes 
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side by side on a rocking platform. The three 
colour records are always kept in the same order 
in the dishes, so that each may receive its 
correct development time. The darkroom 
temperature should be as near as possible the 
same as the developer temperature. 

First bring the dishes up to the correct 
temperature with water. At the same time, 
bring enough developer for all three negatives 
to the same temperature. Then pour the water 
from the dishes and divide the developer 
equally between all three. 

The three negatives of a set should always be 
developed at one operation and receive iden- 
tical treatment (except of course for times of 
development) to avoid variations in tempera- 
ture, agitation, etc. A visible darkroom clock is 
essential to ensure accurate timing. 

Most non-staining developers are suitable, 
the most common being a metol-hydroquinone 
developer fairly well diluted to bring the 
developing times to more than about five 
minutes. Shorter times are difficult to time 
accurately, and apt to yield uneven develop- 
ment. 

The developer should be used once only, 
and then discarded. By using fresh developer 
for each set of negatives, it is possible to stan- 
dardize the degree of development quite 
accurately. 

Development Times. Each of the three nega- 
tives of a set must be developed to the same 
degree of contrast. As the colour filters affect the 
contrast, the three negatives will almost cer- 
tainly need different development times. 
Usually the red and green filter records are 
fairly well matched for contrast and need 
similar development times. But as the blue 
filter lowers the contrast, this negative needs 
increased development to bring the contrast up 
to the level of the other two. 

If no information on processing conditions 
for a particular material is available, begin by 
making a suitable green record negative by 
trial and error. When this is satisfactory, use it 
as a guide to the others. It is usually safe to 
give the red record negative the same develop- 
ment time as the green, or a little less, and the 
blue about 25 per cent more for a first trial. 
Checking the Balance. Having made a trial 
set of negatives, hold them side by side over a 
light box, and check the balance by comparing 
the grey scales, one with the other. 

A more sensitive method of comparison 
is to print all three negatives together on one 
sheet of normal bromide paper. Cut out the 
prints of the three grey scales and compare 
side by side for equality of density and contrast. 
When the negatives are properly balanced, the 
grey scales will be identical on each. 

The best and most scientific method of 
checking the balance is to measure the densities 
with a densitometer. 

When a densitometer is available, first make 
gamma-development time curves, and from 
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them find the development time for each colour 
record to give the desired gamma. For separa- 
tion negatives from original subjects, a nega- 
tive gamma of about 0 80 will be required — 
the exact value depending upon the colour 
printing process and technique to be used, and 
on the optical system of the enlarger. A con- 
denser enlarger calls for softer negatives than a 
cold cathode or diffuser enlarger, or than 
contact printing. At the gamma value given, 
the difference between the maximum and the 
minimum density on the reproduced grey scale 
will be approximately 1 05. 

Having found the correct development 
times, make a trial set of separation negatives 
at what are believed to be the correct filter 
factors. After processing, check the grey scale 
density readings for equality between the three 
negatives. If necessary, amend the times, and 
make another trial set of negatives. 

The green record negative, already judged 
to be correct, provides a standard against 
which to judge the changes to be made in 
exposure (to alter density), or in development 
time (to alter contrast), to improve the balance 
on f uture sets of negatives. 

For example, if the three negatives are of 
equal contrast but of different densities, they 
have received the correct times of development 
but the filter factors need modification. But if 
one of the negatives is flatter than the others, it 
will need more development. 

Slight variations in density between the grey 
scales on the negatives are tolerable and can be 
corrected in printing. But differences in con- 
trast are much more difficult to correct without 
upsetting the colour printing technique. 

SUBTRACTIVE TRANSPARENCIES 

Separation negatives from colour trans- 
parencies will not give quite as good prints as 
negatives exposed directly on the subject. There 
is, however, the advantage that once the trans- 
parency has been prepared, all the work of 
making the separation negatives can be per- 
formed at leisure in the darkroom. 

A transparency prepared for subsequent 
separation should appear of somewhat soft 
gradation, and slightly heavy .judged by normal 
transparency standards. The subject should be 
softly lit, and the transparency should receive 
about half a stop less exposure than usual. 

The coloured Image of a subtractive trans- 
parency consists of a combination of a yellow, 
a magenta, and a cyan image, representing 
respectively the blue, green, and red colour 
records. When making separation negatives 
from the transparency, each negative should 
ideally record only one of the three coloured 
images. For instance, the red record negative 
should record the cyan of the transparency, 
and nothing from the other two colours. 

Unfortunately this is never quite possible. 
All dyes are so impure that the red, green, and 



MOUNTING THE TRANSPARENCY. This is taped to the front 
lass of the printing frame, together with a step wedge, identic 
cot/on colour patches, and a registration mark. 

blue filters used for exposing the separation 
negatives cannot sort out one of the coloured 
images without also recording something of the 
other two. 

So separation negatives made from trans- 
parencies tend to show some loss of colour 
saturation, and also some tone distortion 
because they are “copies of a copy”. They can 
never be quite as good as negatives made 
directly from the subject. 

Furthermore, all the commercially available 
transparency materials are made primarily 
for viewing, and their contrast is rather great 
for easy reproduction in separation negatives. 

All but the softest transparencies therefore 
need masking to reduce the contrast before 
making the negatives. Owing to the imperfec- 
tions of the dyes in the transparency and of the 
pigments used in most tricolour printing pro- 
cesses, colour corrected masks are generally 
used to obtain the best colour reproduction. 
Certain cases may even call for tone correc- 
tion by means of highlight masks if the original 
transparency is very light. 

Often it is considered more convenient to 
use unsharp masks because with them regis- 
tration of mask and transparency is less 
critical. 

Masking Procedure. Masks are almost in- 
variably printed by contact from the trans- 
parencies. A robust printing frame should be 
used and, to ensure good contact, a sheet of 
firm i in. thick sponge rubber should be placed 
between the plate and the back of the frame. 

An easily standardized set-up which is con- 
venient for contact printing masks and separa- 
tion negatives is an ordinary 60 watt pearl 
bulb in a pyramid type 8 x 10 ins. safelight, 
which is suspended 36 ins. above the work 
bench so that the printing frame may be placed 
immediately below it. (For transparencies 
larger than about 3£ x 4f ins., this distance 
should be greater, say 6 feet, and the exposure 
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times lengthened accordingly.) In the front of 
the safelight is fitted an opaque screen with a 
2 i ins. square aperture cut centrally in it. 
A piece of flashed opal glass is fitted over the 
aperture. 

Provision must be made for holding 3x3 
ins. colour filters over the aperture by fitting a 
slide into which each filter can be placed in 
turn. The filters should be fixed in a simple 
cardboard mount or held between two pieces 
of glass, with the desired size of aperture. 

The lamp should not be left on unnecessarily, 
since the filters may be damaged by the heat. 

Mount up the transparency, emulsion side 
down, with very thin adhesive tape on the glass 
of the printing frame and place a step wedge 
alongside. This wedge should be made by 
photographing a grey scale on the same type 
of transparency material. Any other type of 
wedge is not a reliable guide to colour balance 
in the final print (although it would of course 
be a useful guide to contrast). Mount small 
patches of tricolour filter, each marked with 
the initial letter R, G or B, alongside the wedge 
to assist identification of the separation nega- 
tives. The clear glass around the transparency, 
etc., is then masked off with black adhesive 
paper on the other side of the glass. 

Expose the mask on a medium speed pan- 
chromatic emulsion. Plates are sometimes 
preferred to film, because glass plates cannot 
shrink so they give masks exactly the same size 
as the transparency, thus assisting registration. 
However, it is essential to maintain reason- 
ably constant humidity or the transparency 
itself may change size slightly by shrinking or 
swelling. 

The mask is normally exposed through a red 
filter. When the two-mask system is used, one 
mask is exposed through a red filter, and 
another through a green filter. 

Develop the mask to the very low gamma of 
about 0-35. As a guide: medium to fast emul- 
sions will reach this gamma with about 3 to 4 
minutes development at 68° F. in D.76 diluted 
1 to 1, developed in a dish with continuous 
rocking in all directions. 

A correctly exposed and developed principal 
mask will show detail in both highlights and 
shadows, but it will simply look like a low 
contrast negative. In general, the correct 
exposure for a principal mask (i.e., not a high- 
light mask) is the least that will record the 
shadow detail of the transparency. 

To register the transparency, wedge, and 
identification patches, with the finished mask, 
they can best be manipulated over an illu- 
minated ground glass, and a weight used to 
hold the transparency on the mask while the 
register is adjusted and checked with a magni- 
fier. When register is correct, fix the trans- 
parency to the mask with adhesive tape, and 
fix the wedge and identification patches simi- 
larly in place on the mask. The mask plate is 
then blocked out, preferably with opaque 


medium which is physically thin and will not 
affect contact with the sensitive plate. 

Using the normal single mask technique, 
the same mask is of course used when making 
all three separation negatives. 

When the double mask technique is used, the 
red and green filter separation negatives are 
made with the red light mask, and the blue 
filter separation with the green light mask. 
Exposing the Separation Negatives. The three 
separation negatives are made by printing the 
masked transparency on panchromatic plates, 
using red, green, and blue filtered light. The 
filters must be suited to the type of trans- 
parency material. In general, the manufacturer 
will recommend filters which have relatively 
narrow spectral transmission bands — so-called 
narrow-cut separation filters — with peak trans- 
missions to match the spectral characteristics 
of the transparency material. 

The three filters are preferably brought to 
1:1:1 ratio of exposure times by masking 
down the area on the two filters with the lower 
factors. By adjusting the filters in this way to 
give equal exposures, the whole working pro- 
cedure is greatly simplified. The exposure time 
can be adjusted to match the density of the 
transparency. 

Expose the separation negatives with the 
printing frame on the bench under the light 
source, in exactly the same position and the 
same way round in each case. This avoids 
trouble from uneven illumination. 

The correct exposure time for an average 
density transparency is first found by trial, 
after which the most suitable exposure for 
other transparencies is estimated by eye, or by 
measuring the average density of each trans- 
parency. 

If one transparency passes twice as much 
light as the standard, it should be given half 
the standard exposure. 

A densitometer may be used to measure the 
average densities — that is, half of the sum of the 
minimum and maximum densities — of both 
the standard and the new transparency, the 
exposure then being determined from the 
normal density — transmission relationship — 
that is, each 0 30 increase in average density 
requires a 100 per cent (2x) increase in the 
exposure. 

In the case of a transparency with a large 
brightness range, it is almost always best to 
expose to suit the highlights, even at the 
expense of losing the shadows. However, it 
will generally be found that the mask reduces 
the contrast enough for the transparency to be 
properly reproduced on the negative material 
without undue loss of quality. 

The transparency must be graded for density 
when determining the mask exposure, and 
again for the separation negative exposures by 
reading the transparency plus the mask, com- 
pared with the standard transparency plus its 
mask. 
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Printing Negatives by Projection. It is generally 
preferred to make enlarged separation nega- 
tives from miniature size transparencies, since 
most workers find the larger negatives easier 
to handle. 

However, it is more difficult to make good 
separation negatives by projection than by 
contact printing. 

Projection printing inevitably brings in 
trouble from flare in the lens degrading parts 
of the wide brightness range of the trans- 
parency. This is most noticeable if one colour 
dominates in the picture. Conventional en- 
larger optical systems cause some loss of sharp- 
ness, particularly with a diffused light source. 
Condenser enlargers with small source lamps 
can reproduce aU the fine detail in the trans- 
parency but will emphasize any scratches as 
well. And there is the difficulty of heat affecting 
the transparency. 

In an enlarger fitted with the usual tungsten 
lamp, the density of the sharp-cut tricolour 
filters makes for long exposures, and a him 
transparency may heat and distort, or lose 
register with the mask, during the making of the 
three negatives. However, a well ventilated 
enlarger fitted with efficient heat absorbing 
glasses can be used. An enlarger with a cold 
cathode light source is even better as regards 
cool working, although it is less suitable for 
miniature transparencies as the diffused light 
source tends to give slightly less sharp results 
than a small source with a condenser. 

A convenient method of projection printing 
the separation negatives in ordinary room light 
is to illuminate the transparency by a pro- 
jection lamp in a horizontal enlarger with the 
lens removed. A diffuser may be placed imme- 
diately in front of the lamp, but the system 
must be set up to give even illumination first. 
Photograph the illuminated transparency with 
a camera accurately lined up in front of it. 

The transparency may also be set up in the 
transparency holder of a process camera, and 
lit by open arcs shining on to white blotting 
paper some distance behind the transparency, 
or by a cold cathode lamp unit. The above 
remarks on diffuser type light sources of course 
apply here. 

Processing the Negatives. Separation negatives 
from transparencies are developed in the same 
way as direct separation negatives. However, 
the gamma or contrast to which the negatives 
must be developed will be different. Generally 
separation negatives from transparencies need 
to be developed less than direct separations. 

As a guide, direct separation negatives are 
generally developed to a gamma of about 0-80, 
while separation negatives from masked trans- 
parencies need to be developed to a gamma of 
about 0-75. For separations from unmasked 
transparencies the gamma need only be about 
0-45. It is useful to check that the contrast is 
reasonably correct by printing a trial negative 
on a normal grade of bromide paper. 


The gamma must of course be the same on all 
three negatives. This can be checked from the 
grey scales alongside the transparencies. The 
grey scales should appear identical in each of 
the three negatives. Note that this wi’.l only 
apply if the step-wedge was made on '.he same 
type of colour film as the transparency. Any 
other type of wedge will give a useful check on 
contrast but will not be a reliable guide to the 
density balance of the set of negatives. 

Filter Factors by Sensitometry. Good separa- 
tion negatives can be made from transparencies 
by rather tedious trial and error, or by using a 
manufacturer’s specific data as a guide for 
initial tests. But a densitometer and a step- 
wedge make testing very simple and accurate. 

One test using four plates or films (plus an 
extra one to establish reasonably correct 
conditions of working) will give the filter 
ratios and development times for equal con- 
trast at any desired gamma. 

The step-wedge may be a silver or dye type 
manufactured wedge, or it may be made by the 
colour worker himself. Preferably the wedge 
should be about 3J x 41 ins., and should 
have about eighteen steps each increasing by 
about 0-15 in density. Also required are strips 
of each of the same colour filters that will be 
used for making the separation negatives. The 
strips of filter should be at least j in. wide, 
and long enough to cover the length of the 
wedge. If the density increments of the wedge 
are even steps of, say, 015, it will greatly 
facilitate subsequent plotting of the graphs. 

The step-wedge is used as follows. Expose 
four plates, using the step-wedge covered by 
the filter strips side by side as the negative in 
the printing frame. The exposures should be 
made to the light source described above for 
masking, but with no filters over the ligh’ 
source, and an aperture of 1 1 ins . square. 
With medium speed panchromatic plates o> 
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FILTER STEP WEDGE: A grey step wedge, together wth scrips 
of the three filters to be used for separation , is used for test 
exposures to establish correct filter factors and development 
times. The filter strips each cover the full step range. 


1039 



SEP 



FILTER FACTORS BY SENSITOMETRY. Four negatives are 
exposed behind the filter step wedge , and are then used for 
sensltometrlc determination of the filter factors and develop- 
ment times f or Ideal working. The f our negatives are develo d 
for varying times above and below the normal time for the 
material. For Instance if the normal time Is 5 minutes, suitable 
test times would range from 3} to 8 minutes. After processing, 
characteristic curves are plotted for each filter colour to 
establish the gamma obtained at the different development 
times. Top: Typical curves of red filter densities, plotting 
negative density against wedge density. Centre: Gamma- 
times curves for the three filter negative strips, plo ed from the 
characteristic curves. These give the development times for 
each record to yield any desired gamma. Bottom: Three curves 
of about equal gamma are finally transcribed f rom the original 
set of characteristic curves an to a fresh sheet of graph paper. 
The horizontal displacement (best measured at a level of about 
0*4 on the density scale ) is now a measure of the filter ratio 
required to provide balanced separation negatives. The actual 
filter ratios are usually based on green — I .To obtain the blue 
filter ratio, measure the displacement of the blue filter curve 
to the right of the green filter curve In terms of step wedge 
density units. The anti-log of that displacement Is the blue- 
filter ratio relative to green. For the red filter again measure the 
displacement of the red curve to the left of the green. As that 
displacement Is negative along the exposure axis, the reci- 
procal of its anti-log Is the red filter ratio. 


films, the exposure will be about 60 seconds. All 
four plates must receive the same exposure. 

Develop the four plates for a sufficient range 
of times to be sure of covering a suitable range 
of negative contrasts. For example, if the 
developing time is thought to be about 5 
minutes, develop the plates for 3£, 5, 6£ and 
8 minutes. The conditions of development for 
these tests must be the same as will be used for 
the actual negatives. Fix, wash, and dry the 
plates. 

Read the densities on each of the three colour 
filter records on each of the four plates. Tabu- 
late the negative density readings of each step 
vertically on the graph against the density 
readings of the respective steps on the original 
step-wedge, reading from right to left because 
the highest wedge density gives the least 
exposure. Both scales must be of the same 
order. 

From these figures, plot the three sets (R, 
G, and B) of characteristic curves. Use a fresh 
sheet of graph paper for each set of four 
characteristic curves representing one colour 
record at the four different times of develop- 
ment. 

Having plotted the points on each curve, rule 
a straight line through the points on the straight 
line portion of each curve, and extend each 
line to cut the base line of the graph paper. 
Ignore the toe and shoulder regions of the 
curves. Mark off the gamma of each curve. 

From the gammas of each record at each 
of the four developing times, plot the gamma- 
development time curves, which will give the 
developing times for each record to give any 
desired gamma. 

Referring back to the three sheets of charac- 
teristic curves, choose on each the curve which 
gave as near as possible the gamma to which 
the negatives should be developed. Transcribe 
these three chosen curves of about the right 
gamma on to a fresh sheet of graph paper 
marked out just as before. Now the horizontal 
spacing between these three curves is a measure 
of the filter ratios which must be used to give 
balanced negatives. 

With tungsten light, the red record will 
usually have received most exposure, and the 
blue least, with the green between them. Rule 
a line horizontally across the graph paper at a 
level of about 0-4 on the density scale. Now 
along that line, note the distance (in terms of 
step-wedge density units) between firstly the 
green and red record lines, then between the 
green and blue record lines. 

To convert these “horizontal displacement” 
figures into filter ratios, look up the anti- 
logarithm of the displacement to the right. The 
anti-log is the filter ratio (that is, more than 
1, in this case), relative to the green — that is, 
the green filter ratio is 1. 

If, however, the displacement is to the left 
of the green record line, look up the anti-log 
and then look up the reciprocal of that. The 
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1 atter figure is the filter ratio (that is, less than 1 , 
in this case). 

In practice this is quite a simple routine, 
taking no more than a couple of hours, exclud- 
ing drying time for the test plates. 

When performing this test for the first time, 
it is advisable to expose and process one plate 
to see that the conditions are about right for 
the green record image printed from the step- 
wedge to show a full range of densities from 
light to dark, with about the right gamma. 

To convert the displacement figures to area 
changes required for the filters over the light 
source as already described, proceed as 
follows. For a displacement to the right of the 
green curve, look up the square root of the 
anti-log of the displacement figure. For a 
displacement to the left of the green curve, 
look up the reciprocal of the square root of the 
anti-log of the displacement figure. The final 
result in each case gives the factor by which the 
length of the sides of the square filter aperture 
must be changed to give balanced sets of 
separations with the same exposure time for 
each of the three colour records. 

As the step-wedge used for these tests is not 
made by the colour transparency process in 
question, the precise filter ratios may need very 
slight modification. However, good negatives 
will be obtained even without this final correc- 
tion. 

ADDITIVE TRANSPARENCIES 

Separation negatives can be made from addi- 
tive type transparencies, although they do not 
give as high quality prints as negatives exposed 
directly on the subject. 

To be suitable for reproduction, a trans- 
parency should appear slightly denser than for 
normal viewing, and ) stop less than normal 
exposure is usually about right. The colour 
screen of an enlarged additive transparency 
tends to give a “granular” texture to the print, 
so large transparencies should be used in the 
first place where possible. 

The additive transparency already carries the 
three colour records, red, green, and blue; it is 
only necessary to “sort them out” on to the 
three separation negatives. This is done by 
making one negative through a red filter, one 
through a green, and the third through a blue. 
Again narrow-cut tricolour filters are used to 
get good colour separation. 

These narrow-cut filters are relatively dense, 
and so have high filter factors with tungsten 
filament lamps. (Approximate factors for red, 
green, and blue may be of the order of 7, 65, 
and 80 respectively on medium speed pan- 
chromatic materials.) 

Qlamlna ting the Transpireocy. Mercury dis- 
charge lamps give increased light for the blue 
and green exposures, and appreciably improved 
separation of the colours. These lamps emit 
strong blue rays at about 436 m/i, which are 


excellent for making the blue record separation, 
and green at about 546 mu, which are equally 
good for the green separation. There are no 
useful red rays in a plain mercury lamp, but if a 
special mercury-cadmium lamp is used, it 
emits suitable rays at about 640 m^. Alterna- 
tively, a tungsten filament lamp will do for the 
red. The two-lamp method is not, however, 
suitable for projection-printed negatives. 
Procedure. All three negatives of a set must be 
developed to the same gamma, and show the 
same contrast on a grey scale photographed 
with the transparency. Unfortunately no emul- 
sion will give equal gammas with equal develop- 
ment times for all three records, although some 
materials come near to doing so. 

Once the correct developing times are found 
to give each of the three records the desired 
contrast, bring the exposures to 1 : 1 : 1 ratios if 
possible. All three exposures can then be 
adjusted by the same amount to compensate 
for transparencies of different density when 
necessary. (Unless all three records can be 
exposed for the same length of time, reci- 
procity failure may upset the balance of the 
densities between the three negatives.) 

With contact printing, it is not difficult to 
bring the filter ratios to 1 : 1 ; 1, but in pro- 
jection printing it is less practical. 

Separation negatives can be made by contact 
printing, or by projection in an enlarger or 
process camera. Transparencies with a separate 
screen, however, are only suitable for projec- 
tion printing, because the positive plate and 
viewing screen are bound face to face, and the 
glass comes between the sensitive plate and the 
image. Colour transparencies with an integral 
screen are suitable for contact or projection 
printing, but contact printing is usually pre- 
ferable. Contact printing does not heat the 
transparency and cause it to buckle or shrink 
during exposure, and it avoids the optical 
imperfections inseparable from projection. 
Printing Negatives by Contact. Negatives can 
be exposed under an ordinary 60 watt bulb in 
a pyramid safelight suspended 36 ins. above 
the work bench (72 ins. for larger transparencies 
to ensure even coverage). The safelight is 
fitted with an opaque screen adapted to take 
3 ins. square filters bound with adhesive tape 
between pieces of ordinary thin glass. A 
ground glass diffuser is incorporated. 

Bring the filters to 1 : 1 : 1 exposure ratio for 
all three colours by binding up neutral density 
filters as required to give approximate balance. 
Then make a final correction by masking off a 
suitable part of the area of each of the two 
filters passing the most light. 

Mount film transparencies emulsion upwards 
on the clean glass of the printing frame, and 
held there with adhesive tape. Alongside the 
transparency mount a step-wedge made by 
photographing a grey scale upon the same type 
(and batch, if possible) of the colour screen 
material as the transparency, and small identi- 
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fi cation patches of red, green, and blue filter, 
marked R, O, B. Mask all the clear glass 
around with thin black paper on the reverse. 

The negative material should be slightly 
larger than the transparency. For example, a 
4x5 ins. transparency can conveniently 
have half-plate separation negatives made from 
it, the extra area being taken up by the wedge 
and identification patches. 

insert a sheet of clear cellophane between the 
transparency and the plate to prevent uneven 
contact that might cause lack of sharpness and 
vacations in density. 

Expose the negatives with the printing frame 
on the bench immediately under the safelight, 
in exactly the same position and the same way 
round in each case. 

Tne correct exposure time for an average 
density transparency is first found by trial, 
after which the most suitable exposure for other 
transparencies is estimated by eye, or measured 
as for separation negatives from subtractive 
transparencies. 

Printing Negatives by Projection. This needs 
some care with film transparencies as the 
dense narrow-cut filters lead to relatively long 
exposure times — especially the green and blue. 
Special precautions are necessary to avoid over- 
head lg the transparency, lest it should shrink 
;.nd hs ort while making the negatives. 


The emulsion side of an additive type trans- 
parency must face the lens of the enlarger or 
copying camera, to give negatives the correct 
way round. 

The pattern of the colour screen of the trans- 
parency may be eliminated by using the enlarger 
or copying lens at a stop small enough to intro- 
duce just the right amount of blurring by 
diffraction. With an aperture small enough to 
do this the exposure time may be excessive 
unless a high intensity light source is used. 
Processing. The degree of development of the 
negatives depends upon the contrast of the 
original and the printing process to be em- 
ployed. As a guide, negatives from an additive 
transparency of average contrast should be 
developed to a gamma of about 0-70 to 0 80. 

If no densitometer is available to check the 
gamma, make a green record negative by trial 
and error and check the contrast by making a 
black-and-white print on a normal grade of 
bromide paper. 

All three negatives must of course be 
developed to the same gamma. A.P.J. 

See also: Colour camera; Colour print processes; Gamma; 
Masking; Repeating back. 

Books: Amateur Carbro Colour Prints , by Viscount 
Han worth (London); Amateur Dye Transfer Colour 
Prints, by Viscount Hanworth (London); Colour Photo- 
graphy In Practice, by D. A. Spencer (London); Colour 
Prints, by J. H. Coote (London). 


SHADING AND SPOT PRINTING. 
Negatives are often reasonably well exposed, 
except for a few small areas of the image which 
are either too light or too dark. When exposing 
the print, Ihe density over such areas can be 
adjusted by local exposure control called 
shading, spot printing or “dodging.” 

This can be done in contact printing or en- 
larging, but the latter process of course offers 
far wider scope for control. 

Shading consists of holding back a part of 
the image so as to make it print lighter. Spot 
printing means over-printing a comparatively 
smal. image area to make it darker in the 
enlargement. The distinction between the two 
lies mainly in the relative areas in question, 


since spot printing one part of the picture 
necessarily involves shading the rest, and vice 
versa. In practice, the mechanical aids em- 
ployed for the two techniques are also slightly 
different. 

Sky In Landscapes. The commonest example of 
the need for local control is the landscape print 
in which there is a great disparity between the 
densities of the foreground and the sky. Both 
must be given different exposures if they are to 
print through in the same depth. In this case 
the whole print is first given the correct 
exposure for the foreground. Then extra 
exposure is given to the sky, which is the 
densest part of the negative and needs the 
longest exposure. This is done by shading the 






CONTROL TOOLS AND METHODS. Left: Suitable shading shapes which clip on the end of a thin wire holder. Centra: Methods of 
shading and spot printing. I. Shading large areas with a card. 2. Overprinting small area with hole in a card. 3. Shading with the 
hand. 4. Spot printing with hands. Right: Flashing, i.e., darkening areas of the print by white light, with the aid of a shaded torch. 
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foreground portion with the hand or a black 
card and allowing the light to fall on the sky 
area alone. The hand or the card must be 
slightly moved during shading, in order to 
avoid leaving a sharp-edged boundary. 

More involved shapes, e.g., a complicated 
sky line, can be produced by cutting special 
masks. A duplicate print will serve admirably 
for that purpose; it should however be slightly 
smaller so that when held above the enlarging 
paper at a convenient distance, its shadow is 
the correct size. Such masks — sometimes with 
counter masks — are usually essential with most 
forms of combination printing. 

Progressive shading— e.g., when correcting 
converging verticals — is a similar process, 
except that shading starts at one edge of the 
paper and the hand or card is gradually moved 
across until the whole print is covered. 

Local Control. Small areas of the print that 
would come out too dark are shaded during 
part of the exposure. The most obvious means 
of shading are one or both hands which, if 
held suitably in the path of the light beam from 
the enlarger lens, will cast almost any shadow 
outline on the baseboard. (When using both 
hands, a foot switch or other independent 
means of working the enlarger light is an 
advantage.) For areas in the centre of the 
picture, suitably-shaped pieces can be cut out 
of black card and held just above the surface 
of the paper on the end of a length of stiff wire 
or a knitting needle. 

It is convenient to keep an assortment of 
such cards of various shapes (squares, circles, 
triangles, ellipses, etc.), handy to deal with 
areas of a range of shapes and sizes. Sets of this 
type can be bought or they can be made from 
stiff card or thin sheet metal. 

The distance of the card above the enlarging 
paper determines the size of the shadow. The 
closer the card is to the enlarging lens, the 
larger and also the more blurred will be the 
shadow. 

The angle of the card can also influence the 
shape of the shaded area. Thus a circular card 
held obliquely will throw an ellipse-shaped 
shadow, a regular triangle can be compressed 
in either direction, and so on. 

If the card is held in position during the 
whole of the exposure, the result is a vignette. 

Small areas of the print are given extra 
exposure when necessary by means of a black 
card with a suitably small hole cut in it. The 
card is held close enough to the lens to shield 
the whole of the print, and the spot of light that 
passes through the hole is moved about the 
area to be over-printed. This is the technique of 
spot printing. 

Flashing. An alternative method of over- 
exposing a small image area is to shine white 
light on it. This is the technique of flashing. The 
difference between it and spot printing is that 
during flashing the whole image area concerned 
is fogged — to complete blackness if desired. In 


spot printing the tones of the image are 
darkened in proportion to their density, i.e., 
the area is simply over-exposed. 

A useful way of flashing is to wind a narrow 
tube of paper round a torch bulb so as to 
produce a thin pencil beam. The flashing expo- 
sure required will vary widely according to the 
conditions and usually has to be found by 
trial and error. 

Applications of flashing are the production 
of black edges round a photograph, and vig- 
netting an image to disappear into black near 
the margins or comers. L.A.M. 

See also: Cloud negatives ; Combination printing. 

SHADOWLESS LIGHTING. Diffused, 
uniform type of frontal illumination which 
presents the subject completely without 
shadows when viewed from the camera 
position. It is arrived at by disposing light 
sources and reflectors evenly around the camera 
and directing them towards the subject. 

Daylight forms the most convenient source 
of shadowless lighting. A subject photographed 
out of doors in light-toned surroundings when 
the sunlight is diffused by a continuous layer of 
cloud will be free from shadows. 

This type of lighting relies entirely on the 
tone contrast of the subject to form the image 
and normally produces a softly-defined high 
key image. 

Shadowless lighting is suitable for high key 
portraits of babies, children, girls, and young 
women. It is also useful for playing down lines 
and wrinkles in portraits of older people. 

Catalogue illustrations which must show the 
maximum amount of detail — e.g., photographs 
of ceramics, glass and silverware — are best 
taken by this type of illumination. 

When the object is simply to eliminate the 
shadow cast on the supporting surface, the 
subject is placed on its side on a sheet of glass 
mounted some distance above the bench — e.g., 
bridging two stacks of books — and photo- 
graphed with the camera looking down on it. 
The bench is covered with a sheet of white 
paper and the lighting is arranged so that no 
shadows are cast on the paper inside the picture 
area. If necessary, lights can be directed on to 
the sides of the subject from below the glass 
support. This method of lighting is widely 
used for catalogue illustrations of small parts 
and “exploded” assemblies because it makes it 
unnecessary to block out or retouch to get rid 
of the background. 

See also: Lighting the subjects; Tricks and effects. 

SHADOWS. The shadows in a photograph 
are represented by areas of more or less dark 
grey silver deposit; they correspond to the 
parts of the subject that received no illumina- 
tion from the light source and in consequence 
could not reflect any light into the lens. In 
most photographs completely black shadow 
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areas are undesirable; they should be notice- 
ably darker in tone than the rest of the picture 
but it should be possible for the eye to discern 
the details of the subject even in the apparently 
unlighted areas. This is only possible if they 
receive some degree of illumination — either 
reflected from the principal source or pro- 
vided by a separate (fill-in) light. It is also 
necessary for the exposure to be sufficient to 
allow the shadow detail to record on the sensi- 
tized emulsion. 

Control of the distribution, shape, and 
density of the shadows in a picture is an im- 
portant part of photography for whatever 
reason it is practised. 

See also: Lighting the subject. 

SHEET FILM. Another name for cut or flat 
film — i.e., a negative material consisting of a 
sensitized emulsion coated on a stout film base 
cut in all normal plate sizes. 

See also : Films. 

SHELLAC. Dark red resin in the form of thin 
plates used for making varnish — e.g., for 
varnishing negatives. It is also used for dry 
mounting. 

SHEPPARD, SAMUEL EDWARD, 1882- 
1948. English photographic chemist, later 
Assistant Director of Research, Eastman 
Kodak Company. Studied with C. E. K. Mees 
in London. Both worked with Wratten and 
Wainwright in Croydon and then went, to 
Rochester to found the Research Laboratories 
of the Eastman Kodak Company (1913). 
Sheppard’s work covered almost every aspect 
of photographic science, especially latent image 
theory and chemical sensitization. In 1 923 dis- 
covered the organic sulphur compounds in 
photographic gelatin which act as natural 
sensitizing agents, and thereby founded a new 
emulsion technique. He received the Progress 
Medal of the Royal Photographic Society in 
1928. Has some 250 publications to his credit. 

SHIMOOKA, RENJOH, 1825-1914. Japanese 
photographer. Was a pioneer in professional 
photography in Japan, working in Yokohama 
in 1862. 

SHOP WINDOWS. Reflections present the 
major difficulty when photographing shop 
windows. During daylight hours the windows 
reflect people and passing traffic, the opposite 
side of the street and, of course, the photo- 
grapher. At night the reflected lights of passing 
traffic may reproduce as streaks, while the 
photographer’s lighting represents a further 
problem. 

Whenever possible a good quality polarizing 
screen should be used to reduce reflections and 
obtain maximum clarity of detail behind the 
window glass. It should be borne in mind that 


daylight reflected at approximately 35° from 
a glass surface is polarized to the maximum 
extent, and that the effect is less at other 
angles, and non-existent at 0° and 90°. The 
angle at which the window must be taken 
is often dictated by its shape and position 
relative to pavement width, lamp-posts, 
adjacent property, etc. 

The most attractive window display photo- 
graphs are those taken by artificial light. 

Possibly the best time to photograph a shop 
window is reasonably late at night, when 
passers-by and traffic begin to decrease in 
number and the photographer will have greater 
freedom of movement. 

At such times an assistant should accompany 
the photographer. Apart from helping with 
equipment he will be able, for example, to 
request drivers not to park their vehicles where 
the lamps will reflect into the lens. 

Camera. For commercial work use a double 
extension stand camera with a reversible back. 
This should take negatives no smaller than 
4x5 ins. owing to the degree of enlarge- 
ment often required and the need for maximum 
detail. 

A firm and rigid tripod is also essential. 

Coated lenses are desirable, and should 
include one of normal focal length, a wide 
angle and a long focus lens. The latter may be 
useful when the camera has to be positioned 
some distance away from the window — e.g., 
on the opposite side of the road. An extending 
lens hood adjustable to fit all lenses, or indivi- 
dual hoods for each lens, are indispensable 
and must always be used. 

The shutter should be of the type operated 
by ball and tube, or by a long flexible cable 
release. Alternatively, the exposure may be 
made by means of the lens cap. 

A spirit level is desirable for checking the 
side-to-side and front-to-back levels of the 
camera. 

Photographic Materials. A fast panchromatic 
anti-halation backed plate or sheet film is best 
for black-and-white photography, while a 
reversal colour emulsion is most suitable for 
colour work where the pictures are to be used 
for advertising. (Most blockmakers prefer to 
work from colour transparencies rather than 
colour prints.) 

Lighting. The illumination may be either 

(1) Daylight; 

(2) Window lighting only; 

(3) Window lighting plus high intensity 
photographic lighting; or 

(4) High intensity lighting only. 

The photographic lighting may be either 
Photofloods in reflectors, flash, or a combina- 
tion of both. 

(1) Daylight: a polarizing screen must be 
used for daylight exposures to cut reflections 
to a minimum. Some window lights may be 
switched on if they are necessary to obtain a 
more even lighting to the rear. 
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If the window is accessible, several direct 
readings should be taken with an exposure 
meter and a mean selected. If the window is not 
accessible, similar meter readings should be 
taken with the meter placed close to the glass 
and shaded from top light to avoid a false 
reading from reflected sky. 

(2) Window lighting: in the majority of shop 
windows the lighting tends to give a much 
brighter illumination to the front of the win- 
dow. If possible some of the lights should be 
switched off to obtain a more even balance. 
The exposure meter reading should be taken 
close to the window glass to avoid reflected 
light from street lamps. 

(3) Window lighting can be supplemented by 
high intensity photographic lighting such as 
Photofloods or flash. Care must be taken to 
ensure that the lights do not reflect into the 
lens and that the lighting is even. To avoid 
sharp shadows, Photofloods may be moved 
from side to side during exposure, always en- 
suring that the lights and their reflections 
remain outside the field of view of the lens. 
The meter reading should be taken close to the 
window so as to avoid the reflections of Photo- 
flood lamps. 

With flash, invariably more than one flash 
bulb will be needed to obtain adequate coverage, 
and the position of each flash firing point must 
be pre-determined, and marked with chalk. A 
torch held by an assistant and observed on the 
focusing screen is a good guide as to whether 
flash positions are outside the field of view of 
the lens. 

Flash positions should be selected to ensure 
adequate and even coverage of the area. 

As each flash will nominally expose one 
section of the window, the stop to be used 
should be calculated in the normal way from 
the guide number of the flash bulb used. 
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(4) The procedure for photographic lighting 
only is the same as for combined light. 

Different light sources should not be mixed 
when taking pictures in colour, as they would 
produce different colour rendering in various 
parts of the image. The appropriate colour 
compensating filter should be used if the film 
is not balanced for the light source employed. 
Exposure and Development As a rule exposure 
should be full and a soft working developer 
used to ensure retention of all the shadow detail 
without excessive highlight density. 

The aperture used should be small to ensure 
maximum definition and depth of field, and the 
resultant exposure will of necessity be long. 
Consequently, the lens will have to be shaded 
from the reflections of the lights of passing 
vehicles. People walking between the camera 
and the window will not register on a long 
exposure provided they do not pause. Lighted 
cigarettes, however, may leave a trace line, and 
the lens should be shielded against these. 

An efficient shield may be made from black 
photographic paper mounted on a card, or the 
hand may be used. On no account should the 
lens be capped or the camera touched. 

If the lens cap has to be used for the expo- 
sure, it is wise, after removing it, to hold it 
close in front of the lens for a few seconds, 
until all vibration has died down, and then 
remove it completely. 

A slight degree of under-development is to 
be preferred to any degree of over-develop- 
ment. A.E.S. 

See also: Light sources In the picture; Night photography. 

SHORT FOCUS. Description of a lens 
indicating that its focal length is shorter than 
the diagonal of the negative it is designed to 
cover — i.e., shorter than the focal length of a 
normal lens. 


SHUTTER MANUFACTURE 


The r61e of the camera shutter is to regulate 
the time during which light is allowed to act 
on the sensitive material. With simple cameras 
the action of the shutter merely consists of 
uncovering and covering the lens opening in an 
instant, lasting usually approximately 1/20 to 
1 / 40 second. For ordinary snapshooting this is 
quite adequate, and variations in the effective 
exposure time from shutter to shutter are 
usually taken care of by the latitude of the 
negative material. 

Better cameras have more complicated 
shutters with a range of exposure times which 
are more accurately determined. To achieve 
this degree of accuracy, within the small space 
available for the shutter mechanism in the 
camera, requires manufacturing methods of 
appreciable precision. High class shutters are 
therefore generally made by a small number of 


specialist firms who supply them to the various 
camera manufacturers. 

There are two fundamental types of shutter: 
diaphragm shutters which are generally 
mounted between or just behind the lens ele- 
ments, and focal plane shutters which work 
just in front of the sensitive emulsion. The 
construction and to some extent the materials 
required for the two types of shutter differ, but 
the same skill and precision in manufacture are 
required in each case. 

DIAPHRAGM SHUTTERS 

The modem diaphragm shutter has to satisfy 
certain basic requirements relating to the time 
of action, the control of the speeds, the shape 
of the sectors and the movement, as well as the 
subsidiary gear mechanisms which control 
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such items as self-timer and flash synchroniza- 
tion. 

The exposure with a diaphragm shutter is 
spread over three intervals: 

(1) The interval during which the blades are 
opening. 

(2) The interval during which the blades 
remain open. 

(3) The period during which the blades are 
closing. 

The first and the third of these intervals must 
be as short as possible to obtain a maximum 
effective open interval. The shutter mechanism 
therefore has to work under much more diffi- 
cult conditions than, for instance, a watch. 
The above requirements call for a sudden 
acceleration, and then a final braking of the 
shutter blades and the driving elements. The 
degree of wear and tear is therefore far greater 
than with a watch where the movement is 
more or less uniform. 

The basic speed of the best diaphragm 
shutters is 1 /500 second ; some models may have 
a basic speed of 1/400 or 1/300 second, and 
certain special ones up to 1 /1000 or even 1 / 2000 
second. Longer exposure times (slower shutter 
speeds) are obtained by means of a delay mech- 
anism, usually an escapement. This is linked to, 
but otherwise independent of, the main opening 
and closing drive. 

Other subsidiary mechanisms include the 
delayed action release or self-timer which is 
another escapement mechanism to retard the 
release of the shutter itself. In addition the 
shutter contains built-in flash contacts coupled 
in many cases with the delayed action mechan- 
ism to time the firing of flash bulbs. The con- 
tacts have to be insulated and big enough to 
carry the firing current. 

The shutter blades must exclude all light 
when closed. To do this the blades have to over- 
lap each other in a fan-like fashion, yet move 
with the minimum possible friction to permit 
the short exposure time required. 

Planning and Tooling Up. The initial design is 
based on previous experience and much experi- 
mental work on prototypes. Solving the various 
problems of making the comparatively small 
shutter is the work of a staff of skilled engineers. 

Once the finalized design blueprints are 
released by the drawing office, the pre-produc- 
tion planning begins. This involves decisions 
on the methods of manufacture, the sequence 
of stages, and the machine tools required. 
Most parts of a shutter consist of metal stamp- 
ings. These call for the production of a large 
number of different stamping presses, drills 
and jigs, measuring and test instruments, as 
well as special machine tools. All that plant 
must be developed at this stage. 

The machine tools are sometimes made and 
serviced by special engineering works, and 
sometimes by the manufacturer himself. All 
the required stamping and embossing tools, 
dies, and finishing instruments call for an 


extremely high standard of precision. It must 
be remembered that the tolerance of shutter 
components is of the order of plus or minus 
0 0004 in., and the tool must be even more 
accurate than the components it produces. 

Raw Materials. As the various parts inside the 
shutter often have to stand quite high strains 
and stresses, raw materials have to be care- 
fully selected. This involves physical and 
metallurgical tests in a special laboratory which 
checks incoming deliveries of raw materials. 

The materials consist mainly of sheets and 
rods of various light metal alloys, brass and 
steel, spring steels for the various springs, and 
special thin steel plates for the shutter blades. 
Stamping. Such parts as levers, rings, cover 
and base plates, are stamped out of strips of 
metal in dozens of stamping presses from small 
table models to large 60-ton eccentric presses. 
Other presses stamp out large numbers of 
blanks for gear wheels. These are collected in 
packets for subsequent milling of the gear 
teeth. 

Machining. Stamped parts are passed on to 
another department for machining. Automatic 
lathes machine and shape the various screws, 
bolts, and complicated shafts that go to make 
a modem camera. The whole operation is 
automatic, and human attention is only 
required to keep the machines running and 
supplied with the different sizes and types of 
metal rod. 

The shutter casings are generally machined 
from die castings. Here again automatic 
machines work on dozens of parts' of the casing 
at once; the job of the attendant is confined 
to inserting the castings and removing the 
finished casing. 

Certain parts of the shutter have to carry 
exceptional stresses and strains and the com- 
ponents have to be specially treated by suitable 
heating and tempering. In some cases the ex- 
treme tip of a tiny shaft is hardened in a special 
machine using a high frequency alternating 
current to heat up the parts locally. 

Checking. Economical mass production of pre- 
cision components of this type calls for highly 
efficient checking at each stage in the pro- 
duction. Each part is checked by the operator 
at the machine, and extensively rechecked at 
the end of each production stage. In some cases 
a production stage may include as many as 
fifty to seventy individual operations and 
involve a considerable amount of careful 
testing. 

All measurements boil down to a comparison 
of the part with an accurate standard. The 
comparison may be optical or mechanical. 
Optical checking is carried out by projecting 
the outlines of the component — e.g., the pro- 
file of a tiny screw thread by means of profile 
projectors. Some of these permit simultaneous 
measurements of up to ten different com- 
ponents. By comparing the outline of a com- 
ponent with the outline of the appropriate 
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SHUTTER MANUFACTURE. The stages illustrated symbolize rather than attempt to show in detail the production of a between- 
lens shutter. They are, however, typical in a simplified form for a modern unit. Top: The base plate is stamped by special presses 
and machined and drilled for the various cut-outs, apertures, and screw holes. Upper left: Most of the levers and rings are cut out 
from sheet metal, drilled and machined. Upper right: Suitable stomping machines cut the shutter blades from continuous bands 
of very thin spring steel. Centre left: Screws, shafts, and pins, as well as mechanical components like gear wheels are mass turned 
on automatic lathes and finished on precision milling machines. Centre right: Iris leaves are stamped from thin steel bands in the 
same way as the shutter blades. The leaves are assembled Inside the main housing together with the rest of the mechanism. Lower 
left: The cover plate, speed setting ring, etc., are stamped In hydraulic presses and machined. The various assemblies and sub- 
assemblies are checked at diff erent stages throughout production. Lower right: Speed rings and other scales are engraved after 
calibration, the synchronizing contacts are set with the aid of a testing circuit. Bottom: Finally the complete shutter undergoes a 
thorough test for accuracy, consistency, synchronization, etc., before being built with a lens into a camera. 
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standard projection slide, the tester can see 
whether the accuracy of machining falls within 
the permissible tolerances. 

Such an instrument — of which there are many 
in a shutter factory — permits the speedy 
checking of distances, outlines, angles, etc., 
with an accuracy of up to 0-0004 in. 

Mechanical checking is carried out with 
gauges linked to suitably calibrated indicators 
which show instantly if the dimension being 
measured is correct. 

Finishing, The shutter-speed scales are en- 
graved by hand with the aid of suitable stencils. 

To protect the metal surfaces from wear and 
corrosion and give them an attractive appear- 
ance, they are treated by various plating or 
anodizing processes or by lacquering. 

Assembly. The various parts converge first into 
pre-assembly groups — e.g., escapements and 
delay mechanisms — and next to the final 
assembly line. 

With a precision mechanism like a shutter, 
strict cleanliness is essential. The assembly room 
therefore has to be kept completely free from 
dust, and at an even temperature and humidity. 
The most modern assembly departments are 
air-conditioned and work with closed windows 
in summer and winter. 

The assembly department operates on the 
principle of the continuous production line. 
The various parts and various groups are 
assembled step by step while the shutters move 
continuously forward towards the finished 
product. Each worker carries out one opera- 
tion, often doing no more than adjust a single 
shutter speed. 

Final testing. The shutter speeds are checked by 
a photocell which measures the light trans- 
mitted by the shutter while it is open. An 
electronic circuit converts the output of the 
photocell into a direct indication of the shutter 
speed. 

The delay time of the flash contact is mea- 
sured by a similar device. Built-in calibrating 
instruments keep a constant check on the 
speed testing equipment itself. 

Final Stages. One of the last production stages 
is the cutting of the two threads which take the 
lens components. This operation has to be 
specially precise to ensure that the axes of the 
front and rear lens elements exactly coincide. 
The discrepancy between the two axes must 
not exceed 0-0006 in., while the deviations of 
the thread itself must be within a tolerance of 
the order of 0-0004 in. A special screw- 
cutting lathe cuts the two threads simul- 
taneously on the finished shutter. W.A.B. 

FOCAL PLANE SHUTTERS 

The focal plane shutter is not a self-con- 
tained unit made separately from the camera. It 
is built into the camera body and its manu- 
facture is inseparable from that of the rest of 
the camera. Whereas a diaphragm shutter, 
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perhaps complete with lens, can be obtained 
ready-made by the camera manufacturer, this 
is not so with the focal plane shutter. 

The main mechanism is built on a scale 
larger than that of the diaphragm shutter, and 
the work involved is medium-fine engineering 
rather than extra-fine. This applies to small 
camera shutters; the standard can be lower 
still for larger cameras. 

If the shutter has associated mecnanisms, 
such as escapements for slow speeds and 
delayed action, these are usually similar in 
quality to the corresponding components of 
the diaphragm shutter and require a similar 
standard of workmanship. 

Large Cameras. Shutters in current use are of 
two types — coupled-blind, or independent- 
blind. The first is used for cameras of large 
negative size, such as press cameras. Each blind 
runs between separate pairs of rollers, one at 
each side of the camera. The two take-up 
rollers are driven by coil springs, and the 
winding spools are connected by gears engaged 
in the position necessary to give the desired 
slit width. When the shutter is released, the 
blinds therefore travel across together at 
constant slit width. 

The basic mechanism is simple and presents 
few manufacturing problems. The design is 
complicated by the self-capping arrangement, 
but this does not add any particular difficulties. 

Speed calibration is based on slit width. The 
driving springs are then tensioned until the 
speeds are correct. Some cameras are provided 
with a tension control to vary the speeds. 

S mall cameras. The precision miniature camera 
shutter is a different proposition. The two blinds 
operate independently and are not coupled to 
maintain a constant slit width. Depressing the 
shutter button releases the first blind, and when 
this has travelled a certain distance the second 
blind is automatically released. The exposure 
time is the time interval between the release 
of the blinds, and this remains constant pro- 
viding the travel characteristics of the two 
blinds are identical — that is, providing the 
inertia and acceleration are the same. The slit 
width is not constant, but it becomes wider as 
the velocities of the blinds increase, which is 
necessary for even exposure. 

Good consistency in performance therefore 
depends on good design and high accuracy in 
manufacture; friction losses must be kept to a 
minimum and the design be such that further 
friction cannot readily develop. Any differences 
in the movement of the blinds will result in 
uneven exposure across the frame; the higher 
the speed setting the more evident this becomes. 
The blind fabric in particular should not vary 
in flexibility over the normal range of tempera- 
tures, nor vary greatly with use. 

Production. In general the production outline 
for the focal plane shutter of a small precision 
camera is similar to that for the diaphragm 
shutter. The methods of making the compo- 
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nents depend on the scale of production since 
this determines the size of the plant available; 
but the same principles apply as described in 
detail above. 

Assembly and Testing. In assembly the total 
camera mechanism has to be considered as a 
whole. The shutter of a small precision class 
camera is coupled to the film transport; there 
are the winding, metering and exposure count- 
ing arrangements for this, and usually a double- 
exposure lock. The combined mechanism may 
therefore be quite complex, and assembly of the 
shutter becomes part of the general camera 
assembly. This calls for a team of skilled 
technicians, each dealing with different stages 
of the work and each capable of making any 
adjustments to ensure perfect operation. 


The complete assembly is then checked and 
final adjustments made if necessary to ensure 
smooth working. The tensions of the driving 
springs for the blinds are also adjusted at this 
stage. The usual procedure is to set the shutter 
to one of the higher speeds, such as 1/200 
second, and measure the speed given at each 
side of the film opening and in the centre. The 
blind springs are adjusted so that the speed 
recorded at each point is the same, or as nearly 
so as it is possible to get it, and so that this speed 
agrees with the shutter setting. All other speed 
settings should then be automatically correct, 
but it is nevertheless usual to check throughout 
the range. H.H 

See also : Camera manufacture; Lens manufacture ; Shutter 
testing. 


SHUTTER RELEASES 


The normal shutter release is a press button 
or lever which is ideally mounted in such a 
position that it can be depressed naturally by 
the forefinger while the other fingers have a 
comfortable grip on the camera body. 

In practice its position varies; it is usually 
mounted on the lens-shutter assembly for a 
between-lens shutter, and on the camera body 
for a f ocal plane shutter. 

Nowadays many cameras with between-lens 
shutters have the release button mounted on 
the body and connected to the shutter by a 
mechanical link. This is because it is easier to 
hold the camera steady when pressing a button 
on the body than one near the lens. 

Some form of supplementary release with a 
flexible connexion to the camera is always an 
advantage when making time exposures with 
the camera mounted on a tripod. At such times 
direct pressure on the release button on the 
camera tends to shake it. 

Pneumatic Release. The early form of flexible 
remote release consisted of an india rubber 
tube which was connected to a cylinder and 
plunger, or a simple inflatable bag mounted in 
contact with the shutter release. At the other 
end of the tube there was a rubber ball which, 
when squeezed by the operator, caused the 
plunger or bag to exert pressure on the release. 

This type of release is still used on some 
studio cameras. It has the advantage of being 
silent, frictionless, and easy to renew. 

Flexible Wire Release. The flexible wire (or 
cable) release is the one in general use for 
extending the existing shutter control. It 
consists of a thin stranded steel cable sheathed 
in a flexible tubular casing made of coiled or 
braided steel wire. 

At one end the outer casing terminates in a 
conical screwed nipple through which projects 
a pin, sweated to the end of the inner cable. 
This nipple screws into the standard screwed 
socket which is fitted to most shutters, and the 
pin engages with the shutter release mechanism. 


The other end of the flexible casing is fitted 
with a collar which acts as a guide for a plunger 
connected to the inner cable. An internal spring 
keeps the plunger raised. Pressure on the 
plunger operates the release. 

A short wire release is used when the existing 
release is not conveniently placed for operating 
with both hands gripping the camera body. 

A flexible release is also used when the 
camera is mounted on a tripod. In this case it is 
designed to prevent the operator’s hand from 
shaking the camera when opening the shutter. 
For this purpose a long release — 8 to 12 ins. — 
must be used; anything shorter than this is 
likely to transmit movement to the camera and 
so defeat the whole purpose of the tripod of 
keeping the camera steady. 

This type of remote release is far from being 
perfect. Its great drawback is the serious 
amount of friction and lost motion that takes 
place between the cable and the casing. The 
result of this is that a short length tends to 
transmit shakes and vibration while long 
lengths call for relatively heavy pressure on the 
plunger and a considerable amount of travel 
to allow for the large amount of unavoidable 
slack in the cable. 



PNEUMATIC BULB RELEASE. I. Rubber bulb connected by 
flexible tube to collapsed bulb under shutter release. 2. Pres- 
sure on bulb inflates the small bulb and trips shutter. 
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CABLE RELEASE. I . Sti/f c able with plunger at one end and 
solid pin at other inside a flexible sheath. 2. Pressure on 
plunger pushes out pin to trip shutter. Bottom: Locking screw 
for keeping release depressed for long time exposures. 

Where a flexible release is to operate over a 
distance of more than 3 or 4 feet, this type of 
cable is unsatisfactory. A more positive action 
is given by a Bowden type of cable, where the 
inner cable is under tension and the slack can 
be taken up by a screw adjustment. This type of 
release needs a special fitting at the camera end 
to convert the pull in the cable into the push 
needed to operate the shutter. 

Locking Release. Many modem camera 
shutters have no T-setting for long time expo- 
sures (i.e., where one pressure on the release 
opens the shutter and a second pressure closes 
it). This is largely to permit the inclusion of 
double exposure locks with which two succes- 
sive pressures on the release — without winding 
on the film — are impossible. As it is incon- 
venient to keep the plunger of a cable release 
pressed down for long periods by hand, many 
such releases incorporate a lock. 

The lock usually takes the form of a small 
clamping screw fitted in the collar of the plunger. 
To make a time exposure with such a release, 
the plunger is depressed to open the shutter 
(set to B) and the screw tightened to keep the 
plunger pressed down. Slacking off the screw 
allows the plunger to return to its original 
position, thus letting the shutter close. 

On some models a second movable collar, 
arranged concentrically with the plunger, 
serves as the lock. Depressing the plunger also 
locks it, depressing the movable collar frees it. 
Air-Pressure Release. One type of remote 
release consists of a long tube with a rubber 
ball at one end, and a cable release holder at 
the other. Pressure on the rubber ball actuates 
the cable release by air pressure. This system 
can work over appreciable distances (30 feet or 
more). 

Electrical Release. Mechanical remote contro 
of the shutter at distances greater than 10 feet 
is inconvenient and uncertain. At such distances 
electrical control is more satisfactory. The 
shutter is electrically controlled by having 
some form of electromagnet or solenoid 
attached to the camera so that it works directly 
on the shutter release or on the plunger of a 
cable release screwed into the shutter. A length 


of twin flex connects the solenoid to a press- 
button switch at the operating position, and 
the battery supplying the current may be at 
either end. 

With this method of operation, the full 
working current required by the solenoid has 
to flow in the control wires. The control wires 
have therefore to be fairly thick because a 
suitable solenoid will require a current of at 
least 3 amps at 12 volts. So direct operation is 
only convenient over fairly short distances — 
not more than 20-30 feet. 

A more flexible arrangement is to house the 
battery close to the camera to keep all the 
heavy current wires as short as possible. The 
switching in the solenoid circuit is then done 
by a relay, operating from the same battery, 
but consuming a much smaller current. This 
system makes it unnecessary to run heavy wires 
between the camera and the shutter release 
position. Bell-wire or clock flex will carry the 
small operating current over considerable 
distances. 

Another system uses a spring loaded bar 
which bears directly on the cable release 
plunger. The bar is held against the tensioned 
spring by a catch. A magnetic relay operates 
the catch so that when the circuit to the relay 
is closed the bar is released and the cable 
release plunger operated. 

In any system where the camera shutter 
release is pressed by a remotely controlled 





ELECTRIC RELEASE. Design of an electrically operated remote 
control release. A spring loaded bar is released by the electro- 
magnetic relay, depressing the cable release plunger. A, re- 
setting bar ( engages relay arm). B, spring. C, plunger. D, 
relay arm. E, electromagnetic relay operated from suitable 
point F, cable release to camera . 
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mechanical or electrical device, the pressure 
must not be applied with a sudden jerk. Unless 
the action is similar to the relatively gradual 
application of pressure by the fingers, the 
shutter mechanism may be damaged and there 
will be a risk of camera shake. 

The methods described above provide only 
for the remote release of the shutter, so the 
camera must be visited after every exposure to 
re-set the shutter and change the film or plate. 

If the entire sequence of operations is to be 
carried out from a distance then there must be 
an independent device for re-setting the shutter 
and changing the negative material. The most 
satisfactory way of dealing with complete 
remote operation is to use a clockwork mechan- 
ism arranged to carry out the cycle of 
operations on the receipt of a single signal from 
the distant end of the circuit. 

When the operatorpresses the remote release, 
an electric relay at the camera end operates a 
solenoid; the solenoid lifts a catch on the 
clockwork unit; the clockwork mechanism 
then depresses the camera shutter release, winds 
on the film, and re-sets the shutter, finally 
coming to rest against the catch ready to 
repeat the cycle of operations. One winding of 
the clockwork spring is enough to expose a 
whole length of film without further attention. 

The above release systems are used in nature 
photography and in scientific work for photo- 
graphing events in which the operator would be 
exposed to risk if he remained with the camera. 
Synchronized Release. A special type of release 
is used for synchronizing the opening of the 
shutter with the most useful part of the light 
output of a flash bulb. The flash bulb takes some 
milliseconds to reach peak brilliance. So if the 
shutter is to open and close while the bulb is 
at its brightest, the flash bulb circuit must be 
closed first, and then after a definite period of 
time, the shutter must be released. The syn- 
chronized release performs both these opera- 
tions in the correct sequence and with the 
required delay, on a single pressure of the 
control plunger. It is possible to adjust the 
delay between the closing of the flash contacts 
and the operation of the shutter to allow for 
differences in the burning rate between the 
various types of bulb. There are several methods 
of obtaining the delay, mechanical and electro- 
magnetic; some types must be attached to the 
camera baseboard and others simply screw into 
the shutter release socket. 

Automatic Release. The commonest form of 
automatic release is the delayed action device 
by which the photographer can include himself 
in the picture. Some shutters incorporate a 
delayed release which can be brought into 
action when the shutter is set. 

With the device in action, when the release 
is pressed in the usual way, exposure does not 
take place immediately, but is delayed for 
15-20 seconds — long enough for the photo- 
grapher to take his position in the picture. The 



DELAYED ACTION RELEASE. On winding the lever and releasing 
the catch, the arm is slowly drawn into the body, and presses 
the plunger of the cable release until it trips the shutter. 

delay is usually achieved by allowing a spring 
to unwind slowly under the retarding action of 
a train of gears. 

Supplementary devices are available for 
converting ordinary shutters to delayed action. 
These usually consist of a unit which screws 
into the ordinary cable release socket and has a 
plunger which is depressed instead of the 
normal camera shutter release. A train of gears 
or a spring-loaded dashpot device holds up the 
final pressure on the shutter release for the 
required number of seconds. 

Subject-Operated Release. It is often desirable 
to arrange for the shutter to be operated by the 
subject — with or without his knowledge. This 
can be done by making use of one of the remote 
release devices described above. 

In big game photography a thread may be 
stretched across the path of the game and 
connected to a pin or trigger which when pulled 
allows a spring to depress the shutter release. 
The camera is focused on the spot where the 
game will walk into the thread. For pictures 
at night, the shutter is synchronized with some 
form of flash lighting. 

Electrical release lends itself to a number of 
ways of obtaining subject-operated photo- 
graphs. 

One is by pressure operated release. If it is 
known that the subject will touch or pass over 
any object, a pair of contacts may be concealed 
below the object and connected to the remote 
control wires of the electrical release. This 
method is particularly suitable for nature 
photography because it consumes no current 
when it is waiting to make the exposure and so 
can be left for long periods after being set, 
until actuated by the subject. 

Another method is by light-operated release. 
The electrical release may be triggered by a 
photocell connected to a valve amplifier in the 
relay circuit of the shutter operating solenoid. 
The photocell is placed so that when the subject 
occupies a particular spot (on which the camera 
is focused) the light is cut off from the cell. 
This changes its electrical potential and makes 
an energizing current flow in the relay circuit 
of the shutter operating solenoid. 
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The same effect may be produced by directing 
a beam of invisible infra-red light at the photo- 
cell so that when the subject passes through the 
beam the shutter operating circuit is completed. 

This system has many applications in the 
detection of criminals and in industrial and 
scientific research. A disadvantage is that the 
amplifier must be permanently switched on, 
and a failure of the power supply puts it out of 
action. 


Acoustic Release. If a microphone is sub- 
stituted for a photocell, the shutter may be 
released by sounds. The amplifier circuit can be 
adjusted to respond to a sound of any given 
volume or pitch. This system also is used in 
crime detection and some photographic studios 
are equipped with it so that the operator can 
work the shutter release from any part of the 
room by simply clapping his hands. F.P. 

See also : Flash synchronization. 


SHUTTERS 


The early cameras did not need shutters. 
Plates were so slow that the exposure could 
always be made by removing the lens cap and 
replacing it after the required time. As the 
speed of sensitive materials increased it 
became possible to use shorter exposures than 
could be given by hand in this way, so some 
form of mechanical device became necessary 
for uncovering the plate for periods of less 
than a second. 

DESIGN AND FUNCTION 

At first the shutter was manufactured as a 
separate accessory which could be fitted in 
front of the lens or, more rarely, between the 
lens and the plate. In time cameras were manu- 
factured with the shutter included as a part of 
either the lens assembly or the body. 

Nowadays the main types of shutter are the 
sector and the diaphragm shutter on the one 
hand and the focal plane shutter on the other. 

Most diaphragm and several sector shutters 
have the iris diaphragm built into the shutter 
housing to regulate the lens aperture. On 
cameras with focal plane shutters the iris is of 
course built into the lens. 

Sector Shutters. The sector shutter is simply a 
circular plate pierced with a hole, mounted in 
the path of the light entering the camera. When 
the shutter release is pressed, the plate rotates 
and the hole uncovers the lens for a period 
depending on the speed of rotation. 

This type of shutter may be mounted in 
front of the lens, behind it, or even between the 
components. It is generally fitted to the cheaper 
cameras with simple lenses. 

Tensioning. There are four ways in which the 
shutter can be re-set for the next exposure: 

(1) The shutter lever is arranged to operate 
in both directions — i.e., downward pressure 
causes the hole to cross the lens and make the 
first exposure; the film is then wound on to the 
next frame and the second exposure is made 
by pressing the shutter lever upwards. 

Used in this way the shutter does not need 
any arrangement for capping the lens, and a 
simple mechanism is adequate. Shutters of this 
type are fitted to the cheapest box and folding 
cameras. 


(2) A second metal plate is arranged to cap 
the lens while the shutter plate returns to its 
original position. Before the shutter starts to 
operate, the capping plate is automatically 
held out of the way. 

This is found in the everset type of shutter. 
In such shutters the release lever or button is 
spring loaded and returns to its original posi- 
tion after being depressed. During the return 
stroke the lens is automatically capped and the 
shutter plate turned back ready for the next 
exposure. 

The everset shutter is convenient in being 
always ready for action without first having to 
be tensioned. It is superior to the simple non- 
capping sector shutter because the release 
lever always works in the same direction. But 
it has the disadvantage of needing a heavy 
release pressure to compress the return spring. 
This and the limited range of speeds restrict 
the everset shutter to cheap cameras. 

(3) The shutter may be re-tensioned by a 
separate tensioning lever. This system makes it 
possible to operate with a light release pres- 
sure. The tensioning lever automatically 
brings a capping plate over the shutter aper- 
ture as it returns to the set position. 

(4) The shutter plate can be arranged to ro- 
tate always in the same direction — i.e., after 
uncovering the lens, the plate continues to 
rotate until it gets back to its starting point. 
There is no longer any need to cap the lens as 
the aperture does not uncover it on the return 
journey. Shutters of this type can be designed 
as everset or they may be tensioned by a 
separate lever. 

One make of rotating disc shutter is operated 
by releasing a previously wound spring which 
provides the power for a number of releases on 
one winding. As this spring also advances the 
film after each exposure, it is possible to take 
a succession of pictures as fast as the release 
can be pressed. 

Diaphragm Shutters. The diaphragm shutter 
consists of a ring of inter-leaving light metal or 
vulcanite blades which are pivoted at their 
outer edges so that they can open outwards and 
leave a clear hole for the light to pass through. 
These shutters are designed so that the propor- 
tion of the total exposure time occupied by the 
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EARLY SHUTTER TYPES. A, simple drop shutter; the plate slides down under its own weight and uncovers the lens opening. 8, roller 
blind shutter f or use in front of the lens; blind wound up on spring-driven roller. C, rotary shutter, used in modified form (with 
capping plate) on some box cameras. D, double flap shutter mounted in front of the lens. The two flaps are linked together and 
move in unison. The exposure is not very unif orm, the centre of the plate receiving about 40 per cent more than the top and bottom. 
E, multiple flap shutter with flaps pivoted on horizontal axes and overlapping at their extreme positions. The flaps always cut off 
either some horizontal or some oblique rays, and the efficiency is never more than 33 per cent. F, bellows shutter, with hinged 
bellows on metal f rames. Almost noiseless, and used at one time by portrait photographers. 


action of opening and closing is as short as 
possible — i.e., so that the shutter efficiency 
will be high. 

This principle is widely used in modern 
cameras, sometimes for shutters of the everset 
type but chiefly in more complex shutters 
which require a separate tensioning for the 
driving spring and operate with very light 
release pressures. On some cameras the 
tensioning movement is linked with the film 
transport, so that the action of advancing the 
film also tensions the shutter for the used shot. 

In most modem diaphragm shutters there 
are three to five thin metal blades which come 
together to form a diaphragm between the 
lens components. On some cameras the blades 
may be in front of or behind the len3. The 
latter arrangement permits the use of inter- 
changeable lenses with this type of shutter. On 
pressing the shutter release the main spring 
moves a ring which makes the blades swing 
out to the edge of the aperture and allows the 
light to pass through the lens. The blades are 
designed so that the opening starts as a star 
or a small hole, letting light through the lens 
more or less uniformly from the centre to the 
circumference. At the end of the exposure, as 
the blades close, the hole becomes smaller or 
changes to a broad-rayed star which becomes 
thinner and finally disappears, leaving an 
opaque diaphragm once again. 


On a typical diaphragm shutter the time 
taken by the shutter blades to open fully is 
about two to four milliseconds. 

Shutters of this type are highly complex 
mechanisms in which all the components are 
housed in a narrow ring surrounding the lens. 

The main spring driving the ring which moves 
the blades determines the top speed at which 
the shutter will operate. The slower speeds are 
then controlled by an escapement which 
arrests the ring for a given period when the 
blades are open. 

Older shutters of this type use an air-brake 
(i.e., a piston pushing air out of a cylinder 
through a small hole) to retard the movement 
of the blade ring at slow speeds. This system 
is practically silent as compared with the 
whirring noise of the escapement, but is less 
reliable. 

On some shutters an additional spring pro- 
vides extra tension for the fastest speed. 

The Release. Most diaphragm shutters carry 
a special lever to release the shutter, but on 
some models this is combined with the ten- 
sioning lever — movement in one direction 
tensions the shutter, and movement in the 
opposite direction fires it. 

On the majority of modem cameras a linkage 
connects the release lever on the shutter with 
a body release button on the camera body. This 
makes releasing more convenient and reduces 
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the risk of camera shake. The body release may 
be linked with a double exposure lock to 
prevent accidental double exposures. 

Usually a threaded socket is also fitted, 
either on the shutter itself or incorporated in the 
body release button, to take a flexible cable 
'release. This is used for releasing only; the 
tensioning must still be carried out separately. 
Shutter Speeds. The simpler sector shutters 
are made to give nominal speeds of 1/25 to 
1/75 second. On these cheap shutters there is 
usually a choice of two speeds obtained by 
changing the tension on the operating spring. 
Shutters of this type are never very accurate and 
their real speeds may vary as much as ± 100 
per cent of their rated speeds. 

The better — and more expensive — sector 
shutters have a greater range of speeds and 
incorporate systems of gear wheel trains to give 
reliable slow speeds down to 1 second and 
accurately stressed springs for fast speeds up to 
1/500 second. 

Diaphragm shutters have speed ranges from 
1 to 1/500 second, or in one or two isolated 
cases up to 1 /1000 second. Speeds up to 1 /2000 
second have also been achieved by allowing the 
blades to open only part of the way; at this 
speed the maximum effective aperture is 
about / 8. 

The simpler types carry three or four speed 
settings, usually 1/25, 1/50, 1/100 and 1/200 
second. In better shutters the top speed may be 
1/250 or 1/300 or even 1/500 second. Shutters 
with a range of slow speeds include speeds of 
1 to 1/15 second. 

Currently most shutters are standardized 
with the speeds 1,1/2, 1/4, 1/8, 1/15, 1 /30, 1 /60, 
1/125, 1 / 250 and 1 /500 second (or 1 /300 instead 
of 1 /250 and 1 / 500 second). In this series each 
time is exactly half the preceding and twice the 
succeeding exposure time. 

The speeds are set either by moving a lever 
along a scale engraved on the rim of the shutter, 
or by turning a milled ring which forms part 
of the rim. The speeds are then marked on the 
ring which is set to an appropriate index mark 
on the front of the shutter. Alternatively, the 
speed scale may be marked on the front, and 
the index mark on the movable ring. 

The speed can generally be altered before or 
after tei ioning. The top speed can in some 
shutters c ily be set before tensioning. 
Intermediate Settings. Where the shutter 
speeds depend only on the spring tension, as 
with the simpler sector shutters, intermediate 
settings between two marked speed figures will 
yield approximate intermediate speeds. 

If the speeds are controlled by an escape- 
ment, intermediate speeds may be possible if 
the selector cam inside the shutter is con- 
tinuous. In many shutters this cam, which fixes 
the escapement delay, is stepped and the shutter 
can only be set to marked speeds. 

Even where intermediate speeds are possible, 
they are not always continuous throughout the 


range. For instance, many shutters have a 
definite gap between 1/10 and 1/25 second 
where either a different cam or a different 
gearing of the escapement comes into action. 
Similarly, where the top speed involves an 
extra spring, no intermediate setting is possible 
between the top speed and the next slower one. 

Certain types of shutters designed for coup- 
ling to built-in exposure meters have a com- 
pletely continuous speed range — from say 1/30 
to 1/500 second — without any specific settings, 
and sometimes without a speed scale at all. 

The aperture scale, where the iris diaphragm 
is built into the shutter, is usually arranged 
around the edge of the shutter housing. 
Exposure Value Settings. In addition to normal 
shutter speed and aperture scales, some shutters 
carry a scale of exposure or light values. 
Each light value represents an exposure in 
terms of a range of aperture-shutter speed 
combinations. The aperture and shutter speed 
controls are coupled mechanically; for a given 
light value, altering the shutter speed auto- 
matically adjusts the aperture, and vice-versa, 
so as to keep the effective exposure constant. 
For any required subject and lighting condi- 
tions the exposure can therefore be set directly 
on the light value scale, using the aperture and 
shutter speed scales merely to control depth 
of field and subject movement respectively. The 
light value scale system necessitates the use of 
a constant ratio shutter speed scale (e.g., where 
each speed is twice the preceding speed setting) 
as well as equally spaced aperture settings. 
Time Exposures. Even the cheapest sector 
shutters have some means of halting the aper- 
ture in the open position for making time 
exposures. The shutter may have to be held 
open by pressure on the release button, or it 
may stay open after the first release pressure 
and close when the button is pressed a second 
time. The first method is suitable for making 
brief time exposures and is marked B on the 
shutter setting control; the second method is 
more suitable for longer exposures and is 
indicated by the letter T (Time) on the setting 
control. Some shutters may be set to give both 
T and B; others have only a B setting. 

Shutters fitted to cameras with a double 
exposure lock usually have only a B setting for 
time exposures. The reason is that the double 
exposure lock blocks the release button once 
it has been pressed and no second pressure (as 
required to close the shutter at T) is possible 
until the lock is freed by advancing the film. 
Focal Plane Shutters. A focal plane shutter 
consists of a blind with a slit in it which travels 
from one roller to another close to the focal 
plane of the lens — i.e., just in front of the 
surface of the sensitive emulsion. The blind is 
the full width of the negative frame and may 
move up, down, or across from right or left. 

Older types of focal plane shutters have one 
long continuous blind with slits of varying 
width at definite intervals. The different 
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FOCAL PLANE SHUTTER. Two separate blinds move ocross the picture area just in front of the negotive, exposing it from one end 
to the other. The interval between the blinds determines the exposure time. Left: The main components in a typical miniature 
camera shutter are: A, roller of second blind ; B, second blind: C. first blind ; D. spring-loaded roller of first blind ; E. connexion to 
slow-speed escapement ; F, gears controlling release of second blind; G, gears controlling release of first blind; H, gears from film 
transport Co tension shutter. Right: Movement of the shutter; I, first blind released, second still held; J, second blind released 
follows first across picture; K, blinds closed during rewinding ( tensioning ); L, blinds open during release. 


speeds are obtained by winding the appro- 
bate slit into position for release. The lens 
as to be capped while winding the shutter. 

Most modem f ocal plane shutters have two 
blinds, and the slit through which the exposure 
is made is provided by a gap between the 
blinds. During rewinding the blinds cross the 
film or plate closed, i.e., without a gap between 
them. Such a shutter is self -capping, and the 
lens does not need capping during rewinding. 

As the slit travels across the picture area it 
exposes each part of the sensitive surface in 
turn. The amount of exposure that any 
particular part of the film or plate receives 
depends upon the width of the slit and the 
rate at which it travels. 

The normal sizes of focal plane shutter 
usually have some means of adjusting both the 
width of the slit and the speed of the blind. 
One knob on the side of the camera gives a 
choice of slit widths while another alters the 
tension of the spring which controls the rate of 
travel. Focal plane shutters on miniature 
cameras usually operate with a spring of con- 
stant tension and the exposure can only be 
adjusted by altering the width of the slit. 

Where both the width of slit and tension can 
be adjusted, the camera usually carries a printed 
or engraved table showing the exposure times 
that can be obtained for any combination of 
slit and tension. Where only the slit width can 
be altered, the adjusting knob is calibrated 
directly in shutter speeds. 

Focal plane shutters are also arranged to 
give T and B settings for which the blinds 


open up to expose the whole of the negative 
frame at once, instead of exposing it through 
a narrow slit. The slower speeds in fact are 
usually obtained by uncovering the whole 
frame while an escapement mechanism holds 
back the second blind for the appropriate time. 

The blinds of focal plane shutters are gener- 
ally made of thin black fabric impregnated with 
rubber to render it completely opaque, but 
metal is sometimes used. 

Various other designs have also been tried, 
using folding or hinged multiple metal leaves 
in place of roller blinds. 

Shutters of this type, designed for small 
roll film and 35 mm. cameras, usually have a 
range of speeds from 1 second to 1/1000 
(1 /2000 in special cases) with T, B and delayed 
action, and incorporate a train of gears, 
escapement or governor device for slowing 
down the mechanism for the slower speeds. 

Focal plane shutters for the larger formats — 
e.g., quarter-plate — rarely have speeds below 
1 /10 second, but the fastest speeds are usually 
1/500 or 1/1000 second. 

Delayed action may be provided by a 
separate mechanism which retards the release. 
Acceleration. All focal plane shutters tend to 
accelerate as the operating spring first over- 
comes the inertia of the moving parts and then 
begins to speed them up. The effect of this 
acceleration is to shorten the effective exposure 
time progressively as the shutter proceeds 
across the picture aperture. 

There are several ways out of the difficulty. 
Some shutters are designed so that the width 
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of the slit increases as it traverses the picture 
aperture, the extra width being calculated to 
offset the increased speed. Other shutters in- 
corporate some arrangement of a simple 
governor brake that keeps the speed constant. 

Many focal plane shutters — particularly 
those on the larger size cameras (bigger than 
2i x 2\ ins.) have no provision for offsetting 
the acceleration. In such cameras the slit 
travels from top to bottom of the plate, so that 
the lower part of the plate is slightly under- 
exposed. As this often corresponds to the sky 
area, under-exposure may be an advantage. 

Acceleration effects do not, in any case, 
tend to be as serious on the larger and less 
accurately made shutters as on the compara- 
tively delicate and finely adjusted mechanism 
in, say, a precision miniature camera. On the 
larger shutters, friction and other imperfections 
limit the speed that the blind can attain as it 
crosses the picture area. 

Image Distortion. As the slit in the focal plane 
shutter travels across the sensitized material, 
the time it takes to expose any particular point 
on the surface is less than the total time it 
takes to expose the whole surface — i.e., the 
total exposure takes longer than the local 
exposure. When the slit width and shutter 
tension are set to give an exposure of, say, 
1/1,000 second, the slit may easily take 1/100 
second or longer to travel across the plate. 



The rather long total exposure time of a focal 
plane shutter is not important with subjects 
that are still, or moving only slowly in relation 
to the film or plate. But with rapidly moving 
subjects, a special type of distortion may occur. 
If the image is moving across the plate at right 
angles to the travel of the slit, then the image 
will move appreciably between the exposure of 
the first and last sections. So the last part to 
be exposed will be displaced in the direction of 
motion, and intermediate points will be dis- 
placed in proportion. 

The result is that the subject appears to be 
leaning backwards or forwards, depending 
upon which way the slit moves in relation to 
the image. 

If the slit moves from the top to the bottom 
of the image, then the bottom of the image will 
appear to have moved forward during the 
exposure, and the subject will appear to be 
leaning backwards. 

If the slit moves from the bottom of the 
image to the top, then the subject will appear 
to be leaning forward. 

This explains why the wheels of racing motor 
cars, photographed as they pass across the 
field of the lens, appear oval and lean either 
forwards or backwards. The shutter in such 
cases is almost always arranged to expose the 
bottom of the subject first, because the resulting 
forward tilt lends an impression of speed. 


H 






DIAPHRAGM SHUTTER. Usually mounted between lens elements, sometimes also behind or in front. Left: Simplified layout of main 
components: A. tensioning arm joined to main driving ring, in tensioned position; B, pin to disengage driving pawl; C, driving pawl; 
D, inner ring opening shutter blades: E, return spring; F. blades ; G. main driving spring; H, delayed action escapement, used also 
to obtain synchronizing delay; i, release catch; J, flash contacts. Right: Shutter blade shapes; blades partially open. Bottom: 
Shape of the lens opening during the opening and closing of the blades of a three-bladed diaphrogm shutter. 
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Focal place shutter distortion can also be 
observed in the curved appearance of the air- 
screw blades of aircraft photographed with 
their engines running. 

If the slit moves in the same direction as the 
image, it draws it out and makes it look longer 
in the direction of its motion. If the slit moves 
in the opposite direction to the subject, it 
squeezes it up and makes it look shorter in the 
direction of movement. 

Generally, it is better to hold the camera so 
that the shutter slit moves in the opposite 
direction to the inverted image on the plate or 
film — i.e., in the same direction as the subject 
itself. The effect of shortening the subject in its 
direction of motion is usually more tolerable 
than drawing it out. 

The distortion produced by a focal plane 
shutter follows the same rules as the blurring 
produced by subject movement— i.e., it is 
worst when the subject is moving across the 
field, when the subject is close to the camera, 
and when the subject is moving quickly. 

Flash Synchronization. Most modem shutters 
are internally synchronized for flash by means 
of suitable contacts which close the firing 
circuit as the shutter runs down. The contacts 
are generally connected to a suitable flash 
socket or outlet on the shutter or camera. This 
socket then takes the flash cable or lead from 
the flash gun. 

The synchronization of sector type shutters 
is generally very simple, and permits flash shots 
at shutter speeds up to 1/25 or 1/30 second. This 
corresponds to X- or F-synchronization. 

Simple diaphragm shutters are generally 
X-synchronized, while precision models may 
have separate sets of contacts for X- as well 
as M-synchronization. The latter permits 
flash shots with most bulbs up to the fastest 
speed of the shutter. 

Focal plane shutters may have one or more 
sets of flash contacts, often with separate 
outlets, and corresponding to X- and M- 
synchronization. Owing to the time of travel 
of the blinds, special long-flash bulbs are 
required for synchronization of fast speeds. 
Special Shutters. Shutters normally give an 
audible click when they are released. This noise 
is undesirable in some branches of photo- 
graphy— e.g., when taking pictures of animals, 
birds, and children. For such work special 
silent types of shutter are available. These 
are usually diaphragm shutters with two or 
more leaves operated by a pneumatic release. 
They are not suitable for high speeds and are 
designed for hand-operated exposures of one or 
two seconds. 

Silent shutters are made to be fitted in front 
of the lens of the camera to supplement the 
normal shutter. The camera shutter is set at 
T and left open while the silent shutter is in 
use. 

Supplementary shutters are also used for 
making intentional double exposures on 



FOCAL PLANE SHUTTER DISTORTION. When the blind of a 
focal plane shutter and the image of a moving object travel 
at right angles to each other, a special type of image distortion 
appears. As the slit of the blind takes longer than the effective 
duration of the exposure to cross the whole negative area, the 
image will be in a different posiiont at each instant during the 
travel af the slit. The assembled effect af all these component 
images is a picture of the object leaning forward or back. 
Although undesirable in some cases, it can improve the 
impression of speed in the picture 

cameras where the normal shutter is inter- 
locked with the film transport mechanism. 

Cinematograph cameras have rotary shutters 
of a special type that work immediately behind 
the lens at a constant speed. Exposures are 
varied in this case by changing the lens aper- 
ture. 

The Kerr Cell shutter works on a completely 
different principle from any of the above. In 
this a high voltage is used to alter the polariza- 
tion of a liquid mounted between crossed 
polarizing screens so that it allows light to 
pass through it. The Kerr Cell shutter can give 
exposures as short as 1/100,000,000 second. 
Roller Blind Shutters. In the simplest forms of 
roller blind shutter an opaque fabric blind 
runs between rollers mounted at opposite ends 
of a wooden frame. When the shutter is 
released, the blind is drawn from one roller 
on to the other by a tension spring. 

The roller blind shutter is made in various 
forms to be attached in front of the lens as a 
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DIAPHRAGM SHUTTER EFFICIENCY. Top: A diaphragm 
shutter is fully open only during part of the iime of it* opera- 
tion; the periods of opening and closing take up some time, and 
thus result in a certain loss of light. The shutter opening is 
here plotted against time. Bottom: Comparison of shutter 
efficiencies. The dotted square represents an ideal shutter 
opening and closing instantaneously. A, modern shutter at 
I / 1 0 second. The time marks represent 1/100 second intervals. 
B, reduced efficiency of same shutter at 1/250 second. Time 
marks at 1/ 1 000 second intervals. C, increased efficiency at 
smaller apertures, as blades clear lens aperture earlier. 

separate component. There is either a gap or a 
circular hole in the blind and as this passes in 
front of the camera lens it exposes the film. The 
tension of the spring can be adjusted within 
limits to make the blind travel faster or slower 
and thus shorten or lengthen the exposure. The 
positions of the spring tension adjusting screw 
are marked with the corresponding exposure 
values — usually ranging from about 1/10 to 
1/50 second. The control mechanism usually 
includes a means of halting the blind in the 
open position for time exposures. 

The blind may be either continuous, or two 
blinds may be used as in focal plane shutters. 
In the latter case the roller blind shutter will be 
self-capping. 

Roller blind shutters are sometimes used in 
front of the lens on field and studio cameras 
taking the larger sizes of plate. Cameras of this 
size usually work with a range of lenses and it 
would be out of the question for each lens to 


have its own built-in shutter. At the same time 
a focal plane shutter would be cumbersome and 
costly to cover whole plate and larger sizes. 
For these reasons, a separate detachable roller 
blind shutter is still used with such cameras. It 
is, however, obsolete for any smaller camera 
types. 

Obsolete Types. Designs of earlier shutters 
varied widely; a number of types, after a short 
run of popularity, soon became either obsolete 
or confined to certain specialized fields. 

The drop shutter was simply a plate with a 
cut-out aperture. It dropped or was moved by a 
spring across the path of the image-forming 
rays which passed through the aperture and 
made the exposure. Various shapes were tried 
for the opening, but the shutter was never very 
efficient and the range of speeds was limited and 
too low for modern materials. 

The drop shutter was also known as a 
guillotine shutter. It was later modified by 
adding a second plate which “capped” it for 
setting, and also made instantaneous exposures 
possible. 

The rotary shutter was an extension of the 
drop shutter principle in which the plate 
carrying the aperture rotated to produce the 
same effect. It was the forerunner of the various 
present day sector shutters. 

Flap shutters were all elaborations of a 
simple hinged flap covering the lens and 
operated by a pneumatic release. The flap 
could be outside or inside the camera, and it 
was simply raised and lowered to make the 
exposure. Some portrait cameras to-day are 
fitted with internal flap shutters. A modified 
type has a number of flaps which open and 
close simultaneously, like the slats of a Vene- 
tian blind. 

Bellows, or eyelid shutters, consisted of two 
concertina-like units which when closed 
formed a dome-shaped cover over the front of 
the lens. When the pneumatic release was 
pressed, the two halves of the dome separated 
and opened like upper and lower eyelids to 
make the exposure. F.P. 

SHUTTER EFFICIENCY 

The efficiency of a between-lens sector or 
diaphragm shutter is the ratio of the light it 
actually transmits during the exposure to the 
amount that it would transmit if it were fully 
open for the whole duration of the exposure. 
In practice, no shutter is 100 per cent efficient. 
The reason for this is that between-lens 
shutters take some time to reach their maximum 
opening and some time to close, so they are 
not fully open all the time. At slow speeds, 
however, the efficiency of the average between- 
lens shutter closely approaches 100 per cent. 

The efficiency of a diaphragm shutter 
largely depends upon the time taken to move 
the shutter blades from one limit of their travel 
to the other. For this reason shutter blades are 
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always made as light as possible to keep their 
inertia low. 

A small shutter is usually more efficient than 
a larger one because the blades are smaller, 
lighter, and have a shorter distance to travel. 
These advantages, however, may be cancelled 
out by the reduced power of the mechanism. 

Shutters which require separate tensioning 
can use more powerful driving springs than 
everset shutters where the same lever tensions 
and fires the shutter. They are thus more 
efficient. 

The actual times of opening and closing of 
the blades of a diaphragm shutter do not 
change much over the range of shutter speeds, 
and the efficiency is thus higher at low speeds. 
When the lens is stopped down, the shutter 
blades do not have to travel as far before un- 
covering the aperture, and the efficiency is 
increased. 

The efficiency of a focal plane shutter depends 
on its distance from the film and on the /- 
number of the lens aperture. The optics of the 
system make it impossible for a focal plane 
shutter to be 100 per cent efficient. 

The image on the film or plate lies at the tip 
of a cone of light which converges on it from 
the lens. When the blind sweeps through this 
cone of light at a short distance from the 
film, the light intensity on the film does not 
become zero instantly, but is reduced to zero 
as the blind cuts off more and more of the 
cone of light. 

This loss of efficiency is reduced by having 
the blind as close to the film as possible. As 
with between-Iens shutters, the efficiency 
increases as the lens is stopped down. 

The efficiency of a focal plane shutter can 
be calculated f rom the equation : 

W 

E = W + d/f 

where W = width of shutter slit 
f =/. number of lens 
d = distance of shutter slit from 
camera focal plane. 

The efficiency of the roller blind shutter 
operating very close to the lens is determined 
by the slit width and the lens aperture. The 
greater the slit width compared with the aper- 
ture, the higher the efficiency. The efficiency 
varies with aperture — i.e., it is higher with a 
small stop which can be uncovered and 
covered quickly — but for a given slit width, it 
is the same for all shutter speeds. 

Measurement of Efficiency. The efficiency of a 
shutter is arrived at by comparing the amount 
of light actually transmitted from the begin- 
ning of opening to the end of closing with the 
amount of light that would have been trans- 
mitted if the shutter had been fully open for 
the whole time. 

There are two principal ways of measuring 
the amount of light actually transmitted by the 
shutter: by sensitometry, or by using a cathode 
ray oscillograph. 
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Sensitometric measurements may be carried 
out by the following methods: 

(1) The shutter can be used to expose film to 
a standard light source, and the amount of 
light passed can be calculated from the density 
of the resultant image. This method has many 
faults; it is difficult both to calibrate the light 
source and to control processing with the 
necessary accuracy. The interpretation of the 
resultantdensity is not easy. 

(2) A more modern variation of this method 
is to put a photo-electric cell in place of the 
film and measure the light falling on it elec- 
tronically. The interpretation of the result is 
difficult as the light source must be calibrated 
and allowance has to be made for the lens 
aperture. The method is useful, however, for 
making a quick comparison of shutters against 
a laboratory standard. 

All methods depending on this principle 
measure the effective shutter speed. 



FOCAL PLANE SHUTTER EFFICIENCY. The ideal focal plane 
shutter operates in the plane of exposure with an efficiency of 
100 per cent. Actual shutters operate some distance away from 
the exposure plane, and thus cut the cane of light coming from 
the lens plane. This reduces the efficiency; the effect is an 
increase in the length of the exposure, the total amount of 
light passed is unchanged. I. Exposure begins with actual 
shutter, no exposure with ideal shutter. 2. Actual shutter has 
already passed appreciable light, ideal shutter none. 3. Ideal 
shutter just uncovered film, actual shutter nearly uncovers full 
cone of light. A. Actual shutter reaches maximum flood of light 
which is same condition in case of ideal shutter. 
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The simplest method of using a cathode ray 
oscillograph for testing shutters is to photo- 
graph a pattern on the tube screen. 

A more involved method enables the com- 
plete shutter characteristics to be determined 
almost instantaneously. In this method, light 
transmitted by the shutter falls on to a photo- 
electric cell. The signal is amplified and deflects 
a luminous spot vertically on the screen of 
the cathode ray tube. The spot may at the 
same time be deflected horizontally at a known 
speed to give a time base. 

As the shutter opens, the spot is deflected 
upwards and at the same instant the “time” 
deflection begins, with the result that the spot 
draws a graph on the screen of the tube. The 
“time” deflection is calibrated in fractions of a 
second either by a grid in front of the screen 
or by an extra light pattern on the screen. 

The whole picture on the screen can be 
photographed if a permanent record is re- 
quired. By this means, therefore, the total time 
of opening, the efficiency, and the effective 
exposure time may be determined very quickly. 
Erratic or faulty operation is also obvious. 

A graph of the light transmitted by a shutter, 
recorded in this way, shows how the amount of 
light increases as the shutter opens, remains 
constant at full aperture, and then decreases as 
the shutter closes. The full aperture of the 
shutter may have been used for 1/100 second 
during a total time of opening of 1/80 second. 

If the shutter had been ideal, it would have 
wasted no time in opening and closing, and the 
graph would rise vertically to fully open, 
remain at that level for the total time of expo- 
sure, and then drop vertically to zero. In 
practice the graph slopes more or less gradually 
from zero to the maximum and then more 
steeply back again. 

The amount of light passed by the shutter is 
proportional to the area enclosed between the 
graph and the base line. The efficiency is then 
simply the area enclosed by the shutter per- 
formance graph expressed as a percentage of 
the area enclosed by the graph of an ideal 
shutter open f or the same total length of time. 


Comparison of Shutter Types. The performance 
of shutters varies very greatly from type to 
type, from make to make, and from shutter 
to shutter, and it is difficult to generalize about 
performance. Calibration, especially of the 
cheaper everset shutters, is not always reliable. 
It is only recently that quick and accurate 
methods of shutter testing have become avail- 
able, so that modem shutters are likely to be 
more accurate than older types. 

The efficiency of an everset shutter is usually 
in the 60-70 per cent range for shutter speeds 
from 1/25 to 1/100 second, which is as far as 
such shutters usually go. 

The efficiency of pre-set shutters is higher, 
and is generally about 90 per cent at 1/25 
second, 80 per cent at 1/100 second, and about 
70 per cent for higher speeds, falling to 65 
per cent at 1/500 second. These figures are for 
the smaller shutters, and are usually slightly 
lower for large ones. The calibration of these 
shutters is usually more accurate than with 
the everset type. 

Higher effective shutter speeds can be 
achieved with focal plane shutters, because 
exposure can be shortened by simply narrowing 
the slit instead of speeding up the movement of 
the blind. Although the efficiency falls as the 
speed is increased, a precision focal plane 
shutter is usually more efficient than a pre- 
cision diaphragm shutter at the same speed. 
Efficiency and Movement Blur. The time for 
which a shutter is fully open is less than the 
total time from the beginning to the end of the 
exposure. This is of considerable practical 
importance in photographing moving objects. 
If the shutter is of low efficiency and takes an 
appreciable time to open and close, the brighter 
parts of the moving object will be recorded 
both before and after the shutter is fully open, 
and will appear more blurred than darker parts 
which are only recorded at the maximum 
shutter opening. A.S.C. 

Sm also: Flash synchronization: Light values; Shutter 
manufacture; Shutter releases; Shutter testing. 

Books: Exposure, by W. F. Berg (London); Photo 

Technique , by H. J. Walls (London), 


SHUTTER 

The purpose of a photographic shutter is to 
allow the light forming the image in a camera to 
act upon the sensitive emulsion for a definite 
time and at a definite moment. 

Ideally the shutter should open and close 
very quickly, but most shutters fall short of 
this ideal, and there may be wide differences 
between shutters in this respect. Thus the more 
detailed tests are concerned not only with 
determining the period of opening of the 
shutter, but also with investigating the way in 
which the shutter opens and closes and how 
much light it passes during this phase. 
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TESTING 

Better-quality shutters are surprisingly reli- 
able and consistent in their performance, and 
individual shutters conform well to type. Con- 
sequently, there is little to be gained from 
attempting to test such a shutter for oneself, 
unless some fault is suspected, or a precise 
knowledge of some characteristic is wanted for 
a special purpose. Some simple tests are possible, 
however, and examples are given below. 

In general, the complete testing of a shutter 
is rather difficult, and is usually only earned 
out in the development of new designs or for 
checking standards in production. 
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Shutter Characteristics. Important properties 
of shutters are specified by quantities which 
now have accepted definitions. 

(1) The property of apparently stopping the 
motion of a moving object is dependent on the 
time interval during which the shutter is open, 
or partly open. This is the total open time. 

(2) While the shutter is opening and closing 
it is not passing as much light as when it is 
fully open. The first and last parts of the expo- 
sure are not fully effective. The total amount of 
light passed is proportional to the effective 
exposure time, which may be regarded as the 
period for which the shutter would have had 
to be fully open to pass the same total amount 
of light. 

(3) The effective exposure time is evidently 
less than the total open time, but the more 
effective the opening and closing parts of the 
cycle can be made, the more nearly equal 
these quantities become. The ratio of the 
effective exposure time to the total open time 
is the efficiency, and is expressed numerically 
as a percentage. 

Tolerances in Performance. The scale marked 
on the shutter is, or should be, the reciprocal 
of the effective exposure time in seconds. At 
present, the British Standard specification 
allows a tolerance of ± 20 per cent (or ± 30 
per cent for times over 1/100 second) on the 
speeds marked on inter-lens shutters. For focal 
plane shutters the tolerance is 25 per cent (or 
33 per cent for times over 1/500 second). In 
addition, errors in measurement up to 5 per 
cent are tolerated. A shutter which satisfies 
the specification must have an efficiency of 60 
per cent or more. 

From these limits it is possible to calculate 
the ratio of the total open time to the marked 
nominal effective exposure time. In the worst 
case the total open time may be as much as 
2-3 times as great as the time marked on the 
shutter. It is easy, therefore, to overestimate 
the power of a high speed shutter to stop move- 
ment. Thus if a focal plane shutter is set to 
1 /1000 second, the shutter may actually open 
for 1/400 second, or even more if the shutter 
is not up to standard. 

The performance of the shutter depends to 
some extent on the arrangement of the other 
parts of the camera, e.g., the lens aperture. 
Shutters must always be tested, therefore, 
under conditions which imitate the actual 
conditions of use as closely as possible. 

Flash Synchronization. Nowadays nearly all 
shutters are fitted with electrical contacts for 
flash photography. The timing of the instant of 
contact is another part of the testing of a 
shutter. The contacts should close when the 
shutter is first fully open if the shutter is to be 
used with an electronic flash, or shortly before 
for flash bulbs. Standard intervals between the 
closing of the contacts and the instant when 
the shutter is first fully open are 5 milliseconds 
and 20 milliseconds. 


Simple Tests. It is possible to measure the 
total open time of a shutter quite accurately 
by photographic methods using the shutter in 
the camera in the ordinary way; this technique, 
incidentally, fulfils the requirement, mentioned 
above, of simulating actual conditions of use. 

In the simplest test, all that is required is 
some small bright object which can be made to 
move at a constant known speed s, and which 
can be photographed, using the shutter to be 
tested, at a known magnification m. The length 
of the trace of the moving point on the de- 
veloped film, 1, is measured. Then the total 
open time, t_, is given by the relation 
I/ms = t G . 

Thus, for example, if a small lamp is carried 
by a vehicle moving at 30 m.p.h. (528 ins. 
per second) across the line of sight of the 
camera, and is photographed from 50 feet 
away, by a camera with a 2 ins. lens the 



ROTATING MIRROR SHUTTER TEST. A, vertical fluorescent 
tube. B, screens with slits. C, mirror on motor driven turn- 
table. D, flash bulb ( when testing synchronization). E, torch 
bulb supplying steady light, arranged above or below flash 
bulb. F, shutter. The film is exposed once to the light f rom the 
steady lamp and the flash (if used ) of shutter setting to be 
tested, and then again to the fluorescent tube with the shutter 
open on time while the light reflected from the mirror sweeps 
once across the film. When testing a focal plane shutter, the 
blind must travel parallel to the direction of the fluorescent 
tube. The flashes from the latter are separated by 10 milli- 
seconds on the film If powered by 50 cycle A.C. mains. Speed 
of mirror adjusted to give adequate separation of tube Images. 
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ROTATING MIRROR TEST RESULT. A, direction of focal plane 
blind (if used). B, streak from steady light. C, flash from bulb. 
D, Interval of tube images (1 0 milliseconds an 50 cycle mains). 
Total open time = fl/D x 10 milliseconds. Flash occurs 
C/D X 10 milliseconds af ter shutter begins to open. 


calculation is as follows. The magnification is 
2/(50 x 1 2) = 1 /300. If the streak on the film 
is 0- 10 in. long, the total open time is : 


t 


O 



second 


= 0 057 second. 


If the lamp or brightly illuminated object 
can be arranged to move in a circle with a 
known angular velocity, and the angle sub- 
tended by the arc on the film is measured, it is 
not necessary to know the magnification. Thus, 
if a bright source is mounted near the edge of a 
gramophone turntable rotating at 78 r.p.m. 
(468 degrees per second) and is photographed 
from immediately above the centre of the 
turntable, the record on the film will appear 
in the form of a circular arc. The angle sub- 
tended at the centre of the turntable by the 
ends of this arc can be measured with a pro- 
tractor. It helps if the centre of the turntable 
is made to show up clearly on the film. A con- 
venient point source can be provided by 
fixing a small pocket or pen torch on to the 
turntable, first removing the glass and reflector. 
Suppose the arc measures 40°; then the total 
open time is : 

40 

t = second = 0-087 second. 


Several measurements may be made on one 
frame if the camera is shifted slightly between 
exposures. The repeatability of the shutter can 
be quickly checked in this way, or different 
shutter speeds can be easily compared on the 
one single frame. 

In the case of focal plane shutters, repeating 
the measurements at a number of places along 
the direction of travel of the blind will give a 
measure of the variation of exposure caused by 
blind acceleration. The investigation of this 
point may be made difficult if the performance 
of the shutter is not repeated exactly, and in 
any case the trace may be shortened or length- 
ened if the image of the gyrating source is 


moving towards or away from the direction of 
travel of the blind at the time of exposure. 
Flashing Light Source. The procedure can be 
improved if the light which illuminates the 
moving object can be modulated at a known 
frequency— e.g., by employing a stroboscopic 
lamp as the source, or by using a discharge lamp 
run from alternating mains. On 50 cycle 
supplies, for example, an ordinary fluorescent 
lighting lamp produces a (lash every 1/100 
second. 

The exposure could then be determined by 
counting the number of flashes recorded on 
the film, and it would no longer be necessary 
to be sure of the constancy of the speed of 
movement. 

The counting method is obviously useless for 
times less than 1/100 second, but a simple 
modification enables the whole range of shutter 
speeds to be tested. A horizontal turntable 
driven at a constant speed is required, but the 
speed of rotation need not be known. A 
speed of about 1 r.p.m. is suitable for times up 
to 1 second, and about 10 r.p.m. for times less 
than 1/10 second. 

A good quality mirror is mounted vertically 
along a diameter of the turntable, and the 
camera is arranged as close as possible, looking 
into the rotating mirror. The mirror should be 
large enough to cover the whole field of the 
camera, if possible. 

A fluorescent tube, or other discharge lamp, 
is set up vertically some distance away, and 
the width of the tube is masked down to a long 
narrow slit formed by the edges of two long 
strips of card, or other opaque material. Near 
the tube is set up a torch bulb supplied from a 
battery. The camera is focused on the slit and 
torch bulb via the rotating mirror, and the 
shutter and aperture are set to the combination 
to be tested. Exposures are now made with 
the steady light from the torch bulb only. 
Successive exposures on the same frame can be 
obtained if the lamp is moved vertically 
between exposures. 

Then while the mirror continues to rotate at 
the same speed, the steady light source is 
switched off and the discharge lamp is switched 
on. An exposure is then made to the light 
from this lamp, using the T or B setting of the 
shutter and opening the shutter while the 
mirror causes the image of the illuminated slit 
to sweep once across the focal plane of the 
camera. 

A series of images of the slit are formed 
which are somewhat blurred, but whose separa- 
tion on the film can be measured quite 
accurately. The separation between adjacent 
images represents the interval between suc- 
cessive flashes of the lamp. 

The exposures made via the shutter to the 
light from the steady source will give a series 
of streaks. These represent the movement of the 
spot of light on the film during the exposure 
interval, and since the spot was moving at the 
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same rate as the flashing source, a comparison 
or the length of the trace with the interval be- 
tween successive images of the flashing lamp 
gives the total open time, even if this time is 
less than the interval between successive 
flashes of the discharge lamp. 

Testing Synchronization. This arrangement can 
be elaborated slightly to test the timing of 
the synchronizer and the operation of flash 
equipment. 

All that is needed is to set up the flash bulb 
just behind a slit arranged vertically above 
the torch bulb in the apparatus just described. 
The flash is fired by the shutter when the 
exposure to the steady source is made, and an 
image of the slit in front of the flash bulb will 
be recorded in the exact time relation to the 
opening of the shutter. 

This procedure could become rather expen- 
sive in flash bulbs if many tests are needed. 



O O O 
O O O 



SHUTTER TESTING BY OSCILLOSCOPE. Top: Layout of 
apparatus. A light beam passes through the shutter to a photo- 
cell, and the output is fed t6 a cathode ray oscilloscope. It is 
also utilized Co trigger off a time battfand to control spot 
brilliance. A timing mark generatorjmVides pips on a base 
line of a second sweep or interrupts the previous curve at 
regular intervals. A, photocell. B, compensating grey wedge. 
C, shutter. D, condenser. E, lamp. F, amplifier. G, single 
stroke time base. H, automatic brilliancy control. I, timing mark 
circuit. J, cathode ray oscilloscope. Bottom: Characteristic 
shutter curves. K, curve with vertical timing marks at pre-set 
Intervals . With a known Interval between the marks, the 
opening, total open, and closing times can therefore he read 
off directly. L, curve with Interrupted trace at pre-set intervals. 
M, curve indicating shutter bounce; i.e„ the blades open again 
slightly for an Instant after the exposure. 



TYPICAL DIAPHRAGM SHUTTER CURVE: A. time of full shutter 
opening. B ( maximum shutter opening. C, nominal exposure 
time set on shutter (calibrated from half open to half dosed; 
corresponds to actual total amount of light passed bran Ideal 
shutter during the nominal exposure time). D. total exposure 
time, taking into account the opening and closing times. 

One possibility is to use another torch type 
bulb with a thin filament which lights up 
quickly, operated through the flash contacts, 
instead of the actual flash bulb used with the 
camera. 

A low wattage, high voltage lamp is suit- 
able, and in cases where the flash contacts 
make for only a brief time, the lamp can be 
run with a great deal more than the nominal 
voltage applied to it. This shortens the delay 
between the making of the contacts and the 
instant when the light from the lamp first 
begins to be recorded on the film. There will, 
however, still be an appreciable lag, which 
must be found by a parallel experiment with 
the proper flash bulb. The method described 
can then be used to check the operation and 
timing of the synchronizer. 

Cathode-Ray Traces. When a cathode ray 
oscilloscope fitted with a short-persistence tube 
is available, the trace on the screen can be 
used instead of the moving objects described. 
It is usually possible to modulate the move- 
ment in some way to provide a time scale. This 
can be done by using the mains frequency to 
deflect the spot vertically, or by arranging a 
circular trace deflected radially. The scanning 
raster of interlaced lines as produced on the 
screen of the domestic television receiver 
would form an ideal test object for shutter 
testing of times up to 1/25 second, but un- 
fortunately some television tubes have rather a 
long afterglow period. However, the technique 
may offer a rapid way of comparing speeds of 
about 1 / 50 second. 

Effective Exposure and Efficiency. The measure- 
ment of the effective exposure time and the 
efficiency of shutters is rather more difficult 
than the measurement of total open time. Some 
idea can be obtained of the time the shutter is 
taking to open and close, however, by examin- 
ing the blackening produced on the negative 
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at different points on the streaks. Variations 
in the blackening are more easily seen if care 
is taken not to over-expose. 

A series of streaks made with the same 
shutter setting, or, preferably a number made 
all at the same time, in which there is a pro- 
gressive increase of density from one streak 
to the next, gives the best chance of estimating 
the time for which the shutter was fully open. 
It will also yield an approximate value for the 
effective exposure time. 

Such a series of exposures can be obtained 
from a line source screened by a series of 
graded densities, or by using a row of small 
lamps of different candle power. If the time for 
which the blackening is constant at its maxi- 
mum value can be judged, the effective expo- 
sure is not likely to differ much from the mean 
of this time and the total open time. 

Laboratory Methods. In the development of new 
designs of shutter, and for diagnosing faults in 
operation, it is necessary to examine the be- 
haviour of the shutter at each stage in the cycle. 
The more refined methods of testing are there- 
fore aimed at obtaining a record of the light 
passed by the shutter at each moment in the 
cycle. Considerably more information is then 
available for calculating the effective exposure 
time, but the measurement of the total open 
time may not be any more accurate than is 
possible by the simple photographic methods 
described above. 

One technique is, in fact, a refined version 
of the method described. A light source is 
modulated mechanically, by a sector disc or by 
reflection by the mirror of a vibration galvano- 
meter. The light trace is drawn out on the film 
by some means, and the analysis is carried out 
in a similar way to that already described. 

Another method which is particularly useful 
for the study of the motion of the shutter blades 
in inter-lens shutters, makes use of an arrange- 
ment which is virtually a high-speed cine 
camera to photograph the shutter aperture. 
The transmission of the shutter can be found by 
measuring the open area in each picture. A 
graph of shutter opening against time can then 
be drawn, if the interval between successive 
pictures is known. 


Non-photographlc Methods. Recently non- 
photographic methods have been more popu- 
lar. Chief of these is the photo-electric method, 
an example of which has been specified as the 
standard method of test. 

In this kind of test, a broad light source is 
focused on a photocell by a lens system near 
the shutter under test. In the case of focal plane 
shutters, it is necessary in addition to place an 
opaque screen with a narrow slit near the 
shutter, in the position normally occupied by 
the plate. When all precautions have been 
taken to ensure that the arrangement is opti- 
cally similar to that of the camera, the illu- 
mination on the photocell at any instant is 
proportional to the transmission of the shutter. 
The output from the photocell is amplified and 
applied to a cathode ray tube so as to cause a 
vertical deflexion of the spot. The horizontal 
deflexion is obtained from a time base, and a 
second simultaneous trace is usually provided, 
with a modulation at a known frequency, for 
accurate timing. 

This method makes visible the transmission- 
time graph of the shutter, and makes it possible 
to diagnose instantly such troubles as bounce of 
the shutter blades after closing. For more 
detailed examination, and for record purposes, 
the trace may be photographed. 

The method can be made very elegant, but 
brings additional troubles. For example, tests 
must be made of the linearity of the amplifier 
and cathode ray tube. Often it is convenient 
to have the horizontal deflexion of the spot 
initiated by the signal from the photocell, but 
by the time the spot begins to move horizon- 
tally the beginning of the upward deflexion may 
have been lost. This can be overcome by 
delaying the light signal applied to the vertical 
deflexion until the trace has begun to move 
horizontally, but once again this refinement 
may give rise to non-linearity. 

Flash contacts can easily be timed by this 
method. A simple circuit can be made to 
brighten the trace when the contacts close, and 
the relation in time to the opening of the 
shutter is easily found by measurement. J.W.G. 

See also : Flash synchronization. 


SILHOUETTE. Black-and-white picture 
consisting of the subject in solid black seen 
against a white background. Named after a 
French minister, Etienne de Silhouette, who 
practised portraiture with paper and scissors 
as a hobby. The effect is easy to reproduce 
photographically. Portraits with the subject 
seen in profile are the most popular subject 
for silhouette treatment. 

There are several ways of making silhouettes 
photographically, but the same principle is 
common to all. The subject is posed some dis- 
tance in front of a brightly illuminated surface 


and all other light is taken away. This shows 
the subject as a black shape on a white ground. 
The farther the subject can be from the surface 
the better, because all the illumination should 
come from behind — any rays falling on the 
edges of the subject weaken the silhouette 
effect. 

For the same reason it is better to use a 
background just big enough to surround the 
subject and block out the remainder of the 
negative rather than to use a background that 
fills the whole picture area and throws un- 
wanted light on to the sides of the subject. 
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The camera is focused sharply on the profile 
of the sitter and the shortest exposure given 
that will cause the background to print out 
pure white. There are three ways of providing 
an illuminated background : 

(1) A thin white sheet may be stretched 
across the doorway of a room and illuminated 
from behind by one or two Photofiood bulbs. 
With this type of background an exposure of 
the order of 1/25 second at / 8 on fast pan- 
chromatic film would be about normal. 

(2) A light wall surface — or a white sheet — 
may be lighted from the front by Photofloods 
screened to prevent any light from falling 
directly on the subject. Exposures with this 
method would be about four times as long as 
above. 

(3) The Photofiood lighting in either of the 
above methods can be replaced by flash. In 
this case the room lights are switched off after 
focusing the subject, and the exposure is made 
by open flash technique. 

Still life subjects may also be photographed 
as silhouettes provided that they have a suit- 
able profile. The most usual method is to 
employ a special baseboard consisting of a 
deep wooden frame with a sheet of clear glass 
on top, a sheet of opal or ground glass set 
halfway down the depth of the frame, and four 
strip lights fitted at the bottom of the frame 
underneath the glass diffuser. The subject is 



SILHOUETTE LIGHTING. Top: Subject set up in front of a 
white sheet or other translucent screen stretched across a 
doorway. This is illuminated from the rear only, while the 
camera room remains dark. Bottom: Subject set up in front 
of a white background which is evenly illuminated by two 
lamps. The lamp reflectors carry snoots to avoid spilling any 
light on to the subject which would illuminate shadows. 



STILL-LIFE SILHOUETTES. Background is opal glass illuminated 
by strip lights. Subject is set up in front of opal glass; fore- 
ground shapes can be stuck to plain glass front of box. 

placed on the clear glass, and the camera is 
mounted pointing vertically downwards above 
this. When much work has to be done, the set- 
up can be constructed on the lines of a vertical 
enlarger with a camera in place of the enlarger 
head used in filming animated cartoons. 

This same equipment can be used to make 
silhouettes from cut-out figures. By using tissue 
paper for the figures, in multiple layers, it is 
possible to vary the tone of some objects in 
relation to others. For example, with a plain 
sheet of single tissue for the sky, single sheets 
cut out for trees and laid over the sky will 
appear a tone darker; foreground objects of 
extra thicknesses appear even darker. 

An ordinary photograph can also be turned 
into a silhouette by painting the subject out in 
indian ink and then bleaching away the rest of 
the picture as in the bleach-out process for 
making sketches from photographs. F.P. 

See also: Abstract photography; Photograms; Tricks and 
effects. 

SILK PRINTS. Silk and similar fabrics can 
be treated so that they can be printed with 
a photographic image. 

The methods available are ; 

(1) Diazotype printing which leaves a dye 
image on the material in black or a colour. 

(2) Iron-silver printing which gives a black 
silver image. 

(3) Photo-mordant dye printing in which a 
silver image is first printed on the material. 
This forms the basis of the fi nal dye image. 

See also: Fabric printing. 

SILK SCREEN PRINTING. Silk screen (reti- 
graphy) is a remarkably versatile printing 
process by which almost any liquid medium 
can be printed upon any material with a flat 
surface or on cylindrical curves, such as 
bottles. Such media include dye and water 
colour, paint, printing ink, cellulose, fluorescent 
pigments, chlorinated rubber, etc., and even 
semi-conductors of electricity for electronics 
apparatus. The process is used for the com- 
mercial printing of everything from leaflets to 
posters, for printing on plastics and textiles. 
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and for applying decoration, trade marks, and 
instructions to all manner of manufactured 
goods. Printing can be done by hand or by 
machine. Silk screen is also used extensively 
for the production of printed circuits for 
electronics in which lines of electrical con- 
ducting material are printed direct on to an 
insulating surface, or a resist is printed on a 
copper or other metallic layer and the un- 
printed areas subsequently etched away to 
leave only the circuit pattern. 

The basic principle of the method is that 
silk, chiffon, or any other suitable woven 
materia] is stretched tightly across a frame and 
the parts required not to print are filled in 
with shellac, glue, gum. gelatin, cellulose, 
paper, or any other suitable substance. The 
screen is then laid upon whatever material is 
to receive the image and the “paint” (the 
general silk screen term for any printing 
medium) is squeegeed across the screen from 
the other side, forcing the paint through the 
open areas of the mesh of the screen on to the 
material beneath. 

Hand-cnt Stencils. Stencils can be hand cut out 
of paper but it is easier to cut them from the 
special stencil material consisting of a plasticized 
shellac coating on a translucent paper tem- 
porary support. The design is cut with a sharp 
knife through the shellac film only, and the 
areas required to print are peeled off. The 
material is then applied to the screen with a 
hot flatiron, after which the paper support is 
removed, leaving the shellac stencil firmly 
adhering to the screen. 

Pboto-stenclls. The screen itself can be coated 
with a light-sensitive colloid such as dichro- 
mated glue, gum or gelatin, or a gelatino- 
bromide or chloride photographic emulsion. 
This is exposed under the positive and leaves 
a light-hardened stencil after the unaffected 
areas are washed away in the development pro- 
cess. 

The most common form of photo-stencil is 
produced by a variation of the carbon process. 
The carbon tissue may be dichromate sensi- 
tized and printed while still wet; or it may be 
replaced by a special type of pigment paper 
ready sensitized and mounted on its temporary 
support. 

Photographic stencils may also be made on a 
special type of permeable membrane which is 
rendered less permeable by the action of light 
and so can be used for printing continuous 
tone images in coloured dyes. 

Seiigraphy. There is also a fine art process, 
serigraphy, in which the artist draws directly 
on the screen using a separate screen for each 
colour. After filling in the screens with a suit- 
able colloid, the drawn parts are washed-out so 
that they will print. 

Copies of limited editions by this process 
sell at prices comparable with lithographs, 
engravings or etchings. F.H.S. 

See also: Photomechanical reproduction . 
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SILVER. Used for the production of silver 
bromide, chloride, and iodide, the halogen salts 
used in the principal light sensitive photo- 
graphic emulsions. 

Formula and Atomic Weight: Ag; 107-88. 

Characteristics: A lustrous white metal, but 
oarumng as a dense black substance in the 
developed exposed emulsion. 

Solubility: Insoluble in water and acids, but 
forms amalgams with many other metals — 
e.g., mercury. 

SILVER HALIDES. Collective term for 
compounds of silver with the halogens (fluor- 
ine, chlorine, bromine, and iodine). Of these 
compounds silver chloride, silver bromide and 
silver iodide are of importance in photography, 
as they are all sensitive to light. On compara- 
tively short exposure to light they yield latent 
images which can be reduced to a visible silver 
image by suitable developers. On prolonged 
exposure to light the halides become visibly 
discoloured. 

The halides are very slightly soluble (chlor- 
ide) to practically insoluble (iodide) in water, 
but are soluble in sodium thiosulphate and 
certain other solutions in which they form com- 
plex salts. The solubility in sodium thiosulphate 
(i.e., fixing baths) is greatest with silver chloride, 
less with silver bromide, and least with silver 
iodide. 

Emulsions containing appreciable amounts 
of silver iodide, therefore take a very long time 
to fix after development- 

silver chloride (AgCl) is white, and compara- 
tively rapidly turns blue on exposure to light. 
It is used in the preparation of positive emul- 
sions for contact printing (contact papers and 
lantern plates) where it is usually the main or 
only sensitive ingredient. Most of these emul- 
sions are rather slow. Silver chloride is also 
the main sensitive salt in printing-out (daylight) 
papers. 

Silver bromide (AgBr) is yellow and slowly 
darkens on exposure to light. It is the main 
light-sensitive salt in negative materials and 
enlarging papers (to which it gives the name, 
bromide paper) and yields comparatively fast 
emulsions. 

Warm-tone printing materials contain both 
silver bromide and chloride. 

Silver iodide (Agl) is pale yellow, and darkens 
only very slowly on exposure to light. It is used 
in small proportions as an addition to fast 
negative emulsions and certain specialized 
materials. 

See ftleo: Serultlier. 

SILVER NITRATE. Lunar caustic. Used in 
silver intensifien, physical developers, and 
many sensitizers. 

Formula and molecular weight: AgNO,; 170. 

Characteristics: Colourless crystals. 

Solubility: Highly soluble in water at room 
temperature. 
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SILVER RECLAMATION. When a negative 
or print is fixed, the unexposed silver salts are 
dissolved by the fixer. It is a fairly simple matter 
to reclaim this silver from exhausted fixing 
baths. 

In big commercial D. & P. establishments 
where the silver is recovered, the spent fixer is 
treated with potassium sulphide. This pre- 
cipitates the dissolved silver salts as silver 
sulphide which is collected and sold to refiners, 
who extract the metallic silver by fusing the 
precipitate in the presence of a reducing agent, 
in this way it is possible to recover silver to the 
value of one per cent of the total value of the 
materials handled. 

The silver in a fixing bath may also be re- 
covered electrolytically. This produces very 
pure silver and is ideal when dealing with large 
volumes of solution. The principle involved is 
that when electrodes are immersed in the fixer 
and a current is passed through it, silver will be 
deposited. The electrodes are made of special 
materials such as carbon or silver, the actual 
choice depending on the composition of the 
bath. 

Similar methods are also employed to 
regenerate exhausted fixing baths. 

In practice, some firms will install silver 
recovery plant free of any charge (where the 
quantities used justify it), claiming as profit 
a proportion of the silver recovered. 

See also: Regeneration of fixing baths. 

SILVERWARE. What applies to photo- 
graphing silverware applies to other highly 
polished surfaces like gold, chromium, brass or 
steel. Articles finished in this way are difficult 
to photograph. 

Squat Subjects. Flat subjects, such as cutlery, 
trays, coins, etc., are the easiest to photograph. 
These are best illuminated by one low model- 
ling light to the side or rear and another light 



LIGHTING CUTLERY. One spotlamp directly illuminates the 
subject, while a second spot is reflected by a white cordon the 
far side of the set-up to provide general lighting. 



SOLID SILVERWARE. The background is a roll of white paper, 
lit up by one spot lamp. A second spot, coming from low down 
illuminates the subject directly. 

directed on to a large sheet of white card behind 
the subject and leaning forward over it. Light 
is reflected from this card to illuminate the 
polished surfaces; the card is adjusted to reflect 
the maximum amount of light on the subject 
when viewed from the camera. 

For flat objects the camera needs to be fairly 
high. The tone and texture of the background 
are chosen to suit the subject. The background 
is normally darker in tone so that the subject 
stands out from it. 

Tall Subjects. Tall articles are more difficult 
as the sides reflect everything around them 
including the background. A kettle or teapot 
which is smooth and undecorated, for instance, 
will mirror everything in the room including 
the camera. 

Straight-sided objects, like jugs or tankards, 
need to be placed in the centre of a large piece 
of plain white cardboard curved up behind to 
form a background. The card should extend 
at least 3 feet each side and to the front of 
the subject. This arrangement eliminates all 
reflections provided that the camera viewpoint 
is not too low. If the sides of the subject taper 
into the base they reflect a smaller area and 
call for a smaller surround. This applies to 
things like bowls or dishes. But if the sides 
converge towards the top, as might occur with 
a coffee-pot, the surround often has to be ex- 
tended to a great distance behind the subject, 
and be curved upwards towards the edges to 
avoid reflections. 

Round Subjects. With rounded objects it is 
impossible to avoid all reflections. Even if the 
object is completely surrounded with white 
card or sheet, the surface reflects joins or folds 
and the image of the lens always appears on the 
front of the subject. 

In such cases the reflections can be greatly 
reduced by using suitable lighting. One almost 
frontal spotlight directed on to the subject pro- 
duces a highlight which brings out the sheen of 
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the metal and helps to destroy reflections of the 
camera. The rest of the ill umin ation is indirect; 
it is directed on to the background or on to 
reflectors so that highlights are reflected back 
on to the subject where required. 

Reflections and glare spots which persist 
even with the most careful lighting can be 
toned down by dabs from a ball of putty. 

The number and position of the light sources 
vary with different types of subject. A second 
spotlight is sometimes directed on to the back- 
ground immediately behind the subject to help 
to outline its shape so that it is not lost in the 
background. 

Equipment. Panchromatic material is not 
strictly necessary for silver, but- it usually gives 
better quality. It should always be used for 
coloured metals like gold, brass and copper. 

Really high class work' for catalogue and 
“glossy” magazine reproduction is almost 
always done with a large format plate camera 
using a long focus lens stopped right down to 
give the necessary depth of field. 

As with most commercial photography, a 
lens with a long focal length is generally chosen 
to avoid close-up distortion. 

Exposure and Processing. The conditions 
under which this type of photograph may be 
taken, the type of subject, and the character of 
the final print to be produced all vary so widely 
that no hard and fast rules can be laid down 
for exposure. 


If the subject is being treated purely on its 
pictorial merits, then a soft, high key treatment 
will do it most justice. In this case the exposure 
should be on the long side and the negative 
should be given the minimum development 
time in a soft-working developer. 

If the interest is in ornamentation, chasing or 
engraving on the surface of the silverware, then 
lighting, exposure and development should tend 
to produce a fair amount of contrast — e.g., side 
lighting, minimum exposure and slightly ex- 
tended development. These expedients need to 
be employed with great restraint or the subject 
will lose its characteristic appearance of deli- 
cacy and brilliance. 

In practice, with this type of subject, the 
amateur has a chance to arrive at the desired 
result by trial and error — only a specialist or a 
professional worker can hope to make a perfect 
photograph first time. D.L.H. 

See also: Antiques; Ceramics; Coins; Glassware. 

SIMPSON, GEORGE WHARTON, 1825- 
80. English photographer; editor of the Photo- 
graphic News and the Year Book of Photo- 
graphy. Did valuable work on development 
(1861), collodion silver chloride emulsions for 
printing-out papers (1864-5) which formed the 
basis for the manufacture of Celloidin paper 
by Obemetter, 1 867 ; on the “photochromy” of 
collodion silver chloride papers (1866), and on 
Swan’s pigment print process. 


SIZES AND PACKINGS 


Sensitized materials for sale to the public 
must be packed in such a way that they will be 
protected from both physical and chemical 
injury in transit and store, and they must be 
supplied in certain standard sizes. The method 
of packing depends to some extent on climatic 
and other conditions under which the material 
is to be kept and used — e.g., most materials 
can be obtained in special tropical packing. 
Plates. Plates are usually packed in boxes of 
twelve in a range of sizes based on either 
British or metric (for Continental cameras) 

BRITISH PLATE SIZES 


In*. Nominol cm. Ins. Nominal cm. 

Equivalent Equivalent 


21 X 3* 

6 5 

X 

9 

10 x 

12 

25-4 x 

30-5 

31 x 4 

02 

X 

10 0 

12 x 

15 

30-5 x 

30 1 

(i-plite) 




16 x 

10 

40 6 x 

45-7 

31 x 51 

9 

X 

14 

16 x 

20 

406 x 

50-0 

(post card) 
4x5 

10-2 

X 

12-7 

20 x 

24 

50-0 x 

61 

41 X 61 

12 

X 

16 5 

20 x 

30 

50 0 x 

762 

ra 

16-5 

X 

21-6 

24 x 

30 

61 x 

762 

( 1 / 1 -place) 




24 x 

36 

61 x 

91-4 

0 x 10 

20-3 

X 

254 

30 x 

40 

76 2 x 

101-6 


Usually only photomechanical plates are made in the 
larger sizes (above 12 x 15 ins.)* 


units. The plates in each box of twelve are 
generally split up into three separate wrappings 
of four plates each, packed emulsion to emul- 
sion. Thin strips of folded card (called separa- 
tors) are inserted along two edges of each pair 
of plates to prevent the emulsions from rubbing 
or sticking. 


NOMINAL METRIC PLATE SIZES 


Centimetres 

Nominal In. 
Equivalent 

Centimetres 

Nominal In 
Equivalent 

4-5 X 

6 

l» x 2| 

10 X 24 

71 x 91 

6 x 

9 

21 x 31 

24 x 30 

91 X Ilf 

9 x 

12 

31 x 4 

30 x 40 

III X IS] 

10 x 

15 

4x6 

40 x 50 

IS| X 191 

13 x 

10 

51 x 71 

50 x 60 

I9j x 231 


The actual cutting sizes are laid down in the 
British Standard No. 1406 of 1947. They are 
slightly smaller than the nominal sizes: 


CUTTING SIZES 

OF PLATES 


British Dimensions 

Metric Dimensions 

2} to 5} ins. 1/32 in. 

4 5 to 15 cm. 

0-1 cm. 

smaller 


smaller 

Above 6| Ins. 1/16 in. 

Above 15 cm. 

0-15 cm. 

smaller 


smaller 
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PACKING PLATES AND SHEET FILMS. Top: Plates are packed 
back to back in pairs, with paper separators keeping emulsion 
faces apart. Bottom: Notching indicates position of emulsion 
of sheet films; as shown, emulsion faces observer. 

Film. Film negative material is available in the 
form of sheet film (cut, or flat film), film (packs, 
roll film, and perforated 35 mm. miniature 
film. Sheet films are usually packed in boxes 
of twelve or twenty-four sheets. 

BRITISH AND AMERICAN SHEET FILM SIZES 


Ins. 

Nominal cm. 
Equivalent 


Ins. 


Nominal cm. 
Equivalent 

2i x 3i 

5 9 x 0-2 

5 

X 

7 

12-7 x 17-7 

2} x at 

6-5 x 9 

61 

X 

Bt 

16-5 x 21-6 

31 x 4 

0 2 x lo e 

8 

X 

10 

20-3 x 25-4 

3t x St 

9 x 14 

10 

X 

12 

25-4 x 30-5 

4x5 

10 x 12-7 

II 

X 

14 

27-9 x 35-5 

4t x Si 

12 x 16*5 

12 

X 

15 

30-5 x 30 1 


A number of odd sizes — usually panel-shaped — are also 
made for stereoscopic photography, spectrograph/, and 
other scientific fields. 


NOMINAL METRIC SHEET FILM SIZES 


Centimetres 

Nominal In. 
Equivalent 

Centimetres 

Nominal In. 
Equivalent 

4-5 X 

6 

II x 2ft 

13 X 18 

5t X 7t 

6-5 x 

9 

2* X 3ft 

10 x 24 

7t x »t 

9 x 

12 

3* x 4ft 

24 x 30 

»t x III 

10 x 

15 

4x6 

30 X 40 

III x 15 1 


Certain sensitized materials with specialized uses are 
made in a number of other sizes— e.g., for document 
photography, microfilming, stereoscopy, and photo- 
mechanical reproduction. 

Sheet films can be loaded into ordinary plate 
holders by first fitting them into special metal 
sheaths to hold them flat and compensate for 
the difference in thickness between the film 
and the glass plate. Special sheet film holders 
are also made. 

Most sheet films are notched so that the 
emulsion side can be identified in the dark. 
When the sheet is held so that the notch is at the 
top edge in the right-hand comer, the emul- 
sion side is facing the observer. Sizes above 
3| x 4f ins. may also carry extra notches 
to indicate the type of film. 


S/2 

The notches may be triangular, square, 
round, etc. Their shape and number indicates 
the colour sensitivity and speed of the film. The 
notching codes vary from make to make. 

Film packs contain twelve sheets of film in a 
stiff cardboard carton. Each sheet of film is 
attached to a backing paper which has a long 
tab. The films lie one on top of the other in the 
carton and the outermost film is covered by a 
blank sheet of paper, also carrying a tab. All 
the paper tabs are folded under the edge of a 
stiff card which just fits the carton and separates 
it into two shallow boxes. The numbered ends of 
the paper tabs project from the top of the rear 
box. 

Film packs are more convenient to use than 
plates, but their relatively complicated con- 
struction makes them costly. Packs holding 
twelve films are manufactured in a limited 
range of sizes, usually 2f x 3f ins., 3i x 4| 
ins., 9 x 12 cm., etc. 

Roll films consist of a length of film attached 
to a backing paper and wound on to a wood or 
metal spool. 

The backing paper is generally black on the 
inside, and red, green or even yellow or brown 
on the outside. The leading end of the film is 
stuck to the inside (black side) of the backing 
paper, leaving enough spare paper to reach 
across the picture aperture to the wind-on 
spool upon loading in the camera. 

The back of the backing paper is printed 
with numbers which indicate the successive 
frames of the film as they are brought opposite 
the picture aperture. The number of frames 
varies with the format of the picture area and 
most films carry three sets of numbers — 1 to 8 
for the normal oblong format; 1 to 16 for 
cameras taking a half -size picture, and 1 to 12 
fo r cameras taking a square picture. 

One row of numbers is printed along each 
edge of the backing paper and the third is 
printed down the centre. The numbers are read 
through a red or green window in the back of 
the camera, the position of the window being 
fixed to read the right, left, or centre row of 
numbers in accordance with the format of the 
picture area. 

When the whole roll has been exposed, it is 
wound on to the take-up spool, and it can then 
be removed from the camera in daylight. The 
backing paper is longer than the film at the 
trailing end so that the surplus shields the end 
of the film from the light. 

Perforated miniature film is generally packed 
for use without a backing paper. The film is 35 
mm. wide, and is coated on either cellulose 
nitrate or cellulose acetate base. It is per- 
forated along both edges in the same way as 
professional motion picture film, with the per- 
foration centres 5 mm. apart. The picture 
width available between sprocket holes is 24 
mm. (approximately one inch). 

This type of film is used in miniature cameras 
for three principal negative sizes: 24 x 36 mm. 
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ROLL FILM SIZES 


fl.S. Code Other Codes Film Width Exposures Nominal Picture Size 

ins. cm. per Roll ins. cm. 


0 

Bd9, 08. 020, 

ii 

3 5 


U x l| 

28 

X 

4 


“Bantam” 



r 8 

l| x 24 

4 

X 

6 5 


127. 27, AB. "V.P.” 

m 

4-5 J 

12 

H x l| 

4 

X 

4 



.16 

It x It 

4 

X 

3 

2 

120, 20. B2 ^ 



8 

24 X 34 

6 

X 

8-2 


!> 

• 

12 

24 X 24 

6 

X 

6 

3 

670. /20. 62 


.16 

24 x li 

6 

X 

4 5 

4 

l'4. ;6 1 

h 2J 

7 

8 

2* x 

65 

X 

1 1 

S 

6 6, ZI6 j 

1 

L 16 

2.4 x 21 

6 5 

X 

5 5 

• 

10 



6 

14 x i| 

3 

X 

4 

• 

19 



6 

2 x 3 

5 

X 

7-5 

• 

! 0. 1 14 



6 

34 x 44 

82 

X 

1 1 

• 

n. i2. 



6 

34 x 54 

9 

X 

14 

• 

to. n<:. 



6 

2i X 4S 

7 3 

X 

12-5 


•Obsolete non-standard sizes; largely discontinued. 


(just under I : 1J ins.), 24 x 24 mm. (1 X I 
in.), ami 24 ■■ >8 rim. (1 jin.) 

35 mm. miniature film is sold in several 
different parks: 

(1) Daylight loading cassettes to give thirty- 
six exposures, 24 x 36 mm. Some extra film 
is always allowed for threading. Special day- 
light loading cassettes holding only twelve or 
twenty exposures are also made lor individual 
makes of camera. 35 mm. colour film is 
usually supplied in daylight loading cassettes 
to give twenty exposures. 

(2) Daylight loading spools holding thirty- 
six (or twelve or twenty) exposures as above, 
but with a paper leader and trailer for insertion 
into a daylight cassette. 

(3) Darkroom loading refills lor reloadable 
cassettes. Those are simply lengths of film 
wraptxal in h'a :k paper or rolled in a light- 
tight tube of !i';ek card. The length is usually 
about f>5 ins. or l f> metres, which is sufficient 
for the norma' thirly-six exposures in the 
popular minin' nrc formal (24 x 36 mm.) and 
carries a triinniev lender and trailer. 

(4) l iispoolcd In.'k lengths of 25, 50 or 100 
feet, or of 5 , 10, 25 or 30 metres. For certain 
purposes bulk lengths arc also supplied with- 
out perioral ions. 

Transparency Materials. Lantern plates are 
made in the following sizes. In each case the 
first figures give the British or metric units in 
which the stanea rd is laid down, followed by 
the equivalent British or metric units in 
brackets. 


LANTERN PLATE SIZES 


Lontern Plate 


S/Zc 

*s 



Standard British: 

> 

3 \ ins. 

(8 2 

x 

0 2 cm.) 

Standard U.3.A.: 

;■ ... 

4 ins. 

(8 2 x 

1 0 cm.) 

Standard Continental. 

8 S ■■ 

10 cm. 

(31 

X 

4 ins.) 

Standard Stereo: 

i 

1 ) cm. 

(2. 

X 

5S ins.J 

Mi ina lure 


2 ins. 

(S 

x 

5 cm.) 

Mimat u; r * 1 1 1 cn: 

.• 5 

10 7 cm. 

(It 


4] ms.) 


Transpaienev slice i film is made in most 
paper or sheet film sizes. 


35 mm. film strip material is made in con- 
tinuous lengths (up to 100 feet or more on 
suitable spools), and may be imperforated or 
perforated along both edges with standard cine 
perforations or along one edge with special 
perforations. 




HALVABLE PAPER SIZES. Two basic paper sizes, 12 X 17 ins. 
and 10 X 14 ms. are supplied by certain manufacturers to 
enoble the photographer to cut down his stock of different 
paper packings. Each size yields a range of smaller sizes by 
halving, all of the same proportions of width to length. Some 
of the formats obtained are similar to existing standard sizes. 
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STANDARD PAPER SIZES AND PACKINGS 




Nominal Size 
ins. 

cm 


*Quontity Packings 

lj 

X 

21 (V.P.) 

5 

X 

7 

25, 

100, 250 

21 

X 

21 

6 5 

X 

6 5 

25, 

100, 250 

21 

X 

3k (Size 20) 

6-5 

X 

9 

25, 

100, 250 

21 

X 

3! 

6-5 

X 

95f 

100,250 

2j 

X 

4* (5ize 16) 

7 

X 

1 1-5 

25, 

100,250 

3 

X 

4$ (En-print) 

7-5 

X 

tost 

100, 250 

31 X 

4J (En-print) 

8-2 

X 

11-5 

25, 

100,250 

31 

X 

M (i-pE) 

9 

X 

1 1*5 

25. 

100, 250 

31 

X 

4» 

9 

X 

I2f 

25, 

100, 250 

31 

X 

5«« 

9 

X 

12-5 

25, 

100, 500 

31 

X 

5* (P.C.) 

9 

X 

14 

25, 

100, 250 

4 

X 

S— 

10 

X 

12-5 

25. 

100, 500 

4 

X 

6 

10 

X 

15 

10, 

50, 100. 250 

41 

X 

5*~ 

II 

X 

14 

25, 

100, 500 

41 

X 

6* (t-pl.) 

12 

X 

16-5 

10. 

50. 100, 250 

5 

X 

V 

12-7 

X 

18 

25, 

100, 500 

51 

X 

7* 

13 

X 

let 

10. 

50, 100, 250 

6 

X 

a 

15-3 

X 

203 

10. 

50. 100, 250 

61 

X 

8* (t-pl.) 

16-5 

X 

21-6 

10, 

50, 100, 250 

21 X 

9* 

IB 

X 

24f 

10. 

25, 100 

8 

X 

10 

203 

X 

25-4 

10. 

25, 100 

8* 

X 

1 

21-6 

X 

27-9 

10. 

50, 250 

n x 

N! 

24 

X 

30f 

10. 

25. 100 

10 

X 

12 

25-4 

X 

30-5 

10. 

25, 100 

1 1 

X 

I4 ## 

27-9 

X 

36 

10, 

50. 250 

H! 

X 

15! 

30 

X 

40t 

10. 

25. 100 

12 

X 

15 

30-5 

X 

38 

10. 

25, 100 

M 

X 

\7— 

36 

X 

43 

10, 

50, 125, 250 

15 

X 

18 

38 

X 

46 

10, 

25, 100 

16 

X 

20 

40 

X 

50 

10. 

25, 100 

20 

X 

24 

50 

X 

60 

10. 

25, 100 


•Some types of paper (mainly contact paper up to post- 
card size) are also available in packets of 1,000 sheets. Most 
American papers are packed in boxes of 500 in place of 250 
in Britain and 250 in place of 100. In certain cases, especially 
contact papers, quantity packets go up to 5,000. 
tStandard Continental metric sizes. 

•• American size, not in use in Britain. 

Single perforated film is used for 28 x 40 
mm. size (If x If in.) pictures. The standard 
projector mask cuts this down to 26-5 x 38-1 
mm. For camera use, this film is packed in 8 
exposure rolls with backing paper. 

Double perforated film is used for the follow- 
ing standard picture (frame) sizes in miniature 
filmstrips: 

Double frame: 24 x 36 mm. (1 x lj in.); 
projector mask 23 x 34 mm. 

Single frame: 18 x 24 mm. (i x 1 in.); 
projector mask 17-5 x 23 mm. 


SKF. 

Square frame: 24 . 24 mm. (I x ■ n.'; 

projector mask 23 x 23 mm. 

Double frame transparencies ire o-'ien 
mounted singly between 2c? .ns t 
glasses or in special holders of thi same si/e, 
and used as miniature slides. 

Paper Sizes. Papers are usually v.t n> shiel 
sizes which correspond roughly :i> vtihnd 
negative sizes. In addition there uv v. .era! 
odd sizes available. 

British manufacturers mos lv S'--'' their 
printing papers in a standardize.' 'ang.- of 
sizes and packings. In the U.S.A. appre. l.tMe 
numbers of little-used non-standard sizes .ire- 
available, together with a few very popular 
sizes not packed in Britain. 

An alternative system is based on t wo standard 
paper sizes: 10 x 14 and 12 x ’.7 ins (2v4 
x 36 and 30-5 x 43 cm.). All other sizes 
are derived from these by successive ha'ving. 
Thus there is no need to stock a whole range 
of paper sizes. 

Though the proposed range of sizes does riot 
correspond to negative sizes at all, t has the 
advantage that the relative proportions, and 
thus the shape of a sheet of paper, is the same 
whatever the size. 

The two ranges of derived sizes that can be 
produced by halving these two basic sizes are 
set out in the table below. 

HALVABLE PAPER SIZES 


12 

ins. 

x 17 ins. Range 
cm, 



10 

ins 

A 14 

ins. Range 
cm. 

12 x 

17 

30-5 x 

43 

10 

X 

14 

: . 4 x je 

0* X 

12 

21-6 x 

30-5 

7 

X 

10 

is X 2'. 4 

6 x 

at 

15 x 

21-6 

5 

X 

7 

la.-/ >. Ill 

4i x 

6 

1 0-8 x 

15 

3i 

X 

5 

« X 1/7 

3 x 

4 * 

7-5 x 

10-8 

2i 

X 

3r 

6 5 < V 

2* x 

3 

5-4 x 

7-5 

I! 


2 - 

♦ l - .< *.-5 


The system of halvable paper sizes has not 
been adopted by many manufacturers, and 
indications do not point to the idea Detouring 
very widely accepted in practice, since the 
sheets are too oblong in shape. L.A.M. 

See also: Cassette; Film transport; Keeping qualities oj 
materials. 


SKETCH PHOTOGRAPHS. Term applied to 
photographs which have the appearance of a 
pencil sketch. In practice, this may be achieved 
in a number of ways. A very light print can be 
made and the tones built up by careful shading 
with a pencil; this is only suitable for subjects 
consisting of a few basic tones — e.g., a portrait 
taken with almost shadowless lighting. Or 
it is possible to make sketches by drawing over a 
faintly printed photographic image and then 
bleaching it out to leave only the drawn out- 
lines. Another method is to project a negative 
in the enlarger on to a piece of white paper; the 
light areas are then shaded in with a pencil 


until the whole paper assumes an even tone; 
when the enlarger is switched off, ;■ positive 
picture built up in pencil is left on tht tiaper. 

The term is also sometimes used t< describe 
extreme high key effects in which u.e subject 
is softly lighted from the front against a light 
background. The contours of the subnet then 
appear in very faint tones as thoug 1 sketched 
with an artist’s pencil. The same remarks apply 
to bromoil prints which with certn. i tv pcs of 
subject frequently look like pencil or charcoal 
drawings. 

See also: Bleach-out process; High key;Ti ick < und effects. 
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SKIN AFFECTIONS. Photographers come in 
contact with a number of irritating chemicals 
in developing, fixing and printing. In many 
cases these chemicals can produce skin dis- 
orders on the hands and face. 

Developers. Developers are the most common 
cause of dermatitis among photographers. The 
chief offenders are the bichromates used on blue 
prints which in either the dry or the dissolved 
state produce an irritating rash of small ulcers 
(chronic ulceration) on sensitive skins. Potas- 
sium dichromate and ammonium dichromate, 
which are used for sensitizing gelatin and also 
in blue printing, cause a greater percentage of 
dermatitis than any of the organic developers. 
Next to these, metol is the chief offender. 

It is said that chemically pure metol is not a 
skin irritant and that dermatitis attributed to 
metol is really caused by traces of a poisonous 
compound (N.N.-dimethyl paraphenylenedia- 
mine) which can be eliminated if the metol is 
prepared by a special process. Metol poisoning 
affects some people and not others. It produces 
cracked, swollen fingertips and painful, spread- 
ing sores. Those who are susceptible to it should 
avoid it altogether. There are developing 
agents which are less likely to affect the skin 
and are as good as metol in other respects. 

Amidol (diaminophenol) is made by reduc- 
ing dinitrophenol with hydrochloric acid in the 
presence of iron filings, and dermatitis has re- 
sulted from the process. If the acid vapours are 
allowed to contact the skin it assumes a yellow 
appearance. Cyanosis or “blue lip" results 
from exposure to the vapours of dinitrophenol. 

Diaminophenol used in developers can cause 
dermatitis in hypersensitive individuals. Hydro- 
quinone is another developing agent which has 
caused dermatitis. 

Quinone is a skin irritant to sensitive people 
and quinone dichloro di amin e is said to be even 
more irritating. 

Para-aminophenol is the basis of developers 
of the Rodinal class.' It can be used as the 
hydrochloride or combined with sodium 
hydroxide ; in both f orms it can cause dermatitis. 

The pheny lenediamines, or diamino benzenes, 
are used as developers in the form of the hydro- 
chloride, which can prove highly irritant. 

Paraformaldehyde used in a hardener or 
photo developer has been the cause of many 
cases of dermatitis on the face and hands of 
photographers. 

Other photographic developers which can 
cause dermatitis are: Adurol or monochlor- 
hydroquinone, Ortol, or ortho-methylamino 
phenol, and pyrogallol or 1: 2: 3: trihydroxy- 
benzene. 

Sensitizers. Certain chemicals are used to 
increase the sensitivity of photographic plates 
to various regions of the spectrum. Some of 
these are said to cause dermatitis by photosensi- 
tizing the skin. Others of themselves cause 
dermatitis. They are used only in minute 
quantities in the photographic emulsions, but 

1072 


nevertheless, should be handled cautiously by 
persons with sensitive skins. 

The principal sensitizing dyes are the cyan- 
ines and isocyanines, which are green sensitizing; 
the di-cyanines, which are red sensitizing; and 
the pinacyanols. The dyes used in photography 
which have caused dermatitis are auramine, 
aurantia, chrysoidine, crystal violet, methyl 
violet, malachite green and rhodamine B. The 
latter is a photosensitizer of the skin. 

Other Chemicals. Other skin irritants used in 
photography are: ammonium bifluoride, used 
to remove gelatin films from glass negatives; 
ammonium sulphide, used in toning and in 
mercurial intensifications; caustic soda, used in 
alkaline developing solutions; formalin, used 
in gelatin mixtures and pastes; mercuric 
chloride and mercuric iodide, used in mercurial 
intensifications; oxalic acid, used as a preserva- 
tive of pyro; potassium chloroplatinite, used 
for plate toning; potassium cyanide, used for 
bromide prints; potassium sulphide, used as a 
sulphur toner; sodium carbonate, used in 
alkaline developing baths; sodium hypochlor- 
ide, used as a bleacher and oxidizer. 

Solvents, such as turpentine, benzene, etc., 
ca a also cause a dermatitis by denuding the skin 
of its natural lubricants. 

Methods of Prevention. The ideal method is to 
keep the skin out of contact with the chemical 
solutions by using mechanical handling tech- 
niques. This, however, is not always practic- 
able, especially where large numbers of prints 
have to be made within a limited period (as in 
press photography). The next best thing is to 
give the skin some form of protection. This can 
be provided in two ways: by the use of gloves 
or by applying a protective cream which can 
reinforce the skin to make it resist the action of 
chemicals. 

Gloves have one or two disadvantages. They 
induce excessive perspiration which can soften 
and macerate the skin and render it highly 
vulnerable should the chemical accidentally 
come into contact with the fingers through pene- 
tration or spillage. Gloves also impede dex- 
terity in handling plates and films, and can be 
quite an expensive item. 

On the other hand, a properly formulated 
barrier cream can protect and reinforce the 
skin against the penetration of acids and alkalis, 
and prevent the development of dermatitis. 
Creams of this type are made specially for 
photographers; they are simple to use and very 
efficient if applied correctly. About half a tea- 
spoonful of the cream is smoothed into the 
skin of the hands and arms until it disappears. 
The hands are then held under cold water to set 
the cream, and then dried. If this technique is 
practised, there is no danger of contaminating 
films, plates or paper while processing, and the 
skin will remain perfectly healthy even if in 
constant contact with irritant solutions. An 
application of barrier cream lasts for three 
hours and the hands can be repeatedly washed 
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during this period without affecting the barrier 
protection. 

These precautions may be elaborate for any 
one who only occasionally needs to touch pro- 
cessing solutions — e.g., the amateur who may 
in emergency want to use his fingers for lifting 
a print out of the developer. Such infrequent 
immersions can be rendered safe by dipping 
the fingers into clean water before putting them 
into the chemical. This ensures that any 
solution in actual contact with the skin will be 
too dilute to be dangerous. Immediately after- 
wards the fingers should again be thoroughly 
rinsed in clean water so that no traces of chemi- 
cal will be left to dry on the skin. These pre- 
cautions. are in any event advisable for pre- 
venting marks and stains on prints caused by 
traces of chemical on the fingers. A.S.H. 

SKLADANOWSKY, MAX, 1863-1939. Ger- 
man showman. Constructed a crude projection 
apparatus for short loop films and was the first 
to show in Germany film projection (1st 
November 1895) on two projectors running 
simultaneously at 8 frames per second. 

SKY FILTER. Filter in which the depth of tint 
increases progressively from top to bottom. 
When placed over the lens with the dense edge 
on top, it filters the light from the sky but 
allows the light from the foreground to pass 
through unaffected. In this way it holds back 
the highly actinic light from the sky and allows 
it to print in its natural tone instead of as a 
white featureless area of paper. The sky is also 
often very much brighter than the foreground 
anyway, so the filter also tends to prevent over- 
exposure of the sky. 

The effect of a sky filter becomes less 
localized — e.g., on the sky — when it is used 
closer to the camera lens. 

Sky filters are no longer as popular as they 
were some years ago, mainly because most 
photographers now use panchromatic films 
which, even without a filter, will give a reason- 
able rendering of the sky tones. When ortho- 
chromatic films were more generally used, they 
were so disproportionately sensitive to blue 
that the sky generally reproduced as blank 
paper unless corrected. 

Another reason is that it is necessary to 
mount a sky filter well in front of the lens to 
confine the filtering to the sky area. This means 
that it must also be appreciably larger than an 
ordinary lens-mount fitting. The problem was 
not so serious with the older — and larger — 
cameras, but both the size of the filter and the 
awkward mounting rule sky filters out for 
modem cameras. 

SKYSCAPE. Scene in which all or the greater 
part is taken up with the sky and clouds. Many 
excellent pictorial studies have the sky as their 
principal feature. 

See also: Clouds; Sunrise and sunset. 


SKY SHADE. Any form of shield attached to 
the lens mount or camera body for protecting 
the lens from the direct rays of the sun or 
strong, reflected light from the sky. Some- 
times (particularly in the U.S.A.) used as 
another name for a lens hood, especially for 
the scoop-shaped type designed to shield the 
lens from above only. 

The name is also used for the hinged flap 
fitted over the lens of the older types of camera 
and sometimes attached to the mount of a 
lens. As the hinge was at the top, the flap could 
be set at a suitable angle to shield the lens 
from sun and sky light. 

SLIDE. Lantern plate, so called by analogy 
with the slides used in micrography. The term 
may also loosely refer to a plateholder. 

SMYTH, CHARLES PIAZZI, 1819-1900. 
Astronomer Royal of Scotland. Photographed 
by magnesium ribbon light the interior of the 
Great Pyramid in 1865, using a miniature 
camera with plates 1 x 3 ins. sensitized and 
developed in the camera. In 1 856 made astrono- 
mical investigations from the Peak of Teneriffe 
and described them in a book published in 
1858, the first book illustrated with actual 
stereo-photographs. 

SNAPSHOOTER. (Slang.) Sometimes applied 
by non-photographers to photographers in 
general; otherwise used by “serious" photo- 
graphers to describe those whose approach is 
casual and limited to taking instantaneous 
hand-held exposures without observing the 
refinements of composition and technique. 

SNAPSHOT. Popular term originally used to 
indicate an instantaneous exposure; nowadays 
it refers more and more to a casual photo- 
graph taken in a box or other simple camera, 
usually set for fixed focus working. 

SNAPSHOT PHOTOGRAPHY. In the early 
days of time exposures made on plates, only 
experts could take photographs. Fast films and 
cheap cameras have changed this state of things 
and put picture making machines in the hands 
of millions of people who need to know 
nothing about photography. The combination 
of a fast film and a cheap lens working at a 
small stop makes it possible to turn out a 
camera that needs no focusing, the simplest 
shutter, and no stop. All the owner of such a 
camera needs to know is how to load it with a 
film, point it at the subject, and press the 
release. The photographic dealer looks after 
everything else and will even load and unload 
the camera. In clear weather out of doors, this 
simple procedure will produce a print that is 
reasonably sharp and correctly exposed. 

The result of all this has been to create a 
special type of photograph — the snapshot. The 
snapshot has no artistic pretensions; it sets out 
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to be no more than a record of a holiday scene, 
a comer of the back garden, or some place of 
interest, in which one or more friends or 
relations of the photographer feature promi- 
nently. The idea behind most snapshots seems 
to be to serve as a souvenir of the people, place, 
or occasion — or all three. The intention is never 
to produce a “photographer’s photograph”. 

A snapshot is invariably an instantaneous 
exposure and it is usually made without a 
thought for photographic technique. The result 
is that the snapshot too often falls short of 
even its own humble standards, 
flash Snaps. Even the cheapest cameras 
nowadays are equipped for taking flash 
pictures, and the scope of the snapshooter now 
includes indoor pictures taken in this way. 
Cameras in this class are as a rule not syn- 
chronized for shutter speeds faster than 1/25 
second, and many of them simply have “open 
flash” contacts. This means that the subject 
must be still or only moving slowly, so that the 
choice of subjects narrows down to more or less 
posed groups, pets, and party festivities. 

In many ways flash photographs taken by 
the average snapshooter have a better chance 
of being free from faults than those made 
normally out of doors. This is because there is 
less risk of camera shake or subject movement, 
the smaller lens apertures used result in greater 
depth of field, so focusing becomes much less 
critical, and the exposure charts supplied by 
makers of flash bulbs are more accurate than 
any similar information that can be given 
about exposure in daylight. 

Common Faults. The following analysis of 
snapshot failures has been compiled from the 
records of a representative photofinishing 
establishment. It shows that throughout the 
year on an average the snapshooting public 
wastes about 1 5 per cent of the films it buys. 


SNAPSHOT FAILURES 


Fault 

Proportion of 
Total (%) 

Blank film ... 

5-5 

Double exposure 

20 

Under-exposure 

20 

Over-exposure 

Nil 

Blur (misfocusing and camera shake) 

20 

Fog (lighc leakage) 

30 


All these faults can be avoided by the follow- 
ing precautions: 

(1) Wind on immediately after exposure. 

(2) Never guess exposure: the simplest table 
will at least give a printable negative. 

(3) Never guess the distance — pace or 
measure it out. 

(4) Leam to hold the camera steady. 

(5) Load and unload the camera in the 

shade. After unloading wrap up exposed films 
in the silver or black paper they were originally 
packaged in. F.P. 

Sm also : Amateur photography; Box camera. 
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SNELL’S LAW. Law of optics which states 
that when light passes from one transparent 
material to another and suffers refraction, if 
both rays lie in a plane perpendicular to the 
common surface of the materials, then what- 
ever the angle of the incident beam, the sine of 
the angle always bears a constant ratio to the 
sine of the angle of the refracted beam. This 
ratio is the index of refraction from the first 
material to the second. 

SNOOT. Shield, often tubular in shape, for 
lamp reflectors or spotlights. It fits over the 
lamp and directs the light more or less in one 
direction. At the same time it also serves to 
shield light sources in front of the camera 
position from shining into the camera lens. 

SNOW. One of the principal difficulties of 
photographing a snow-covered landscape is to 
judge the exposure correctly. 

Exposure. The conventional type of photo- 
electric exposure meter is almost certain to 
indicate too short an exposure. This is because 
it is influenced by the relatively large expanse of 
light-toned snow. As the snow is almost as 
brilliant in tone as the sky, tilting the meter 
makes very little difference. 

It is necessary to increase the exposure meter 
reading by at least 50 per cent to make sure of 
getting a certain amount of detail showing in 
the shadows. Unless the exposure is enough to 
bring out this, the resulting photograph will 
be mostly “soot and whitewash”. 

Lighting. A snowy landscape without sunshine 
is apt to make a flat and disappointing photo- 
graph because there is very little contrast and 
the scene tends to reproduce as a more or less 
uniform shade of grey. The most attractive 
snow pictures are those in which the sun is 
shining obliquely across the surface. Lighting 
of this type casts long, interesting shadows and 
emphasizes the crisp texture of the snow. Such 
deal conditions are rare in the British Isles; 
hey can only be sought with any certainty in 
Alpine regions. 

Filters. If the sky does not appear in the picture, 
there is nothing to be gained by using a filter. 
When the sky is included, a pale yellow filter 
used with either a panchromatic or ortho- 
chromatic film will give all the correction 
necessary. 

Above about 5,000 feet, even a pale yellow 
filter renders the blue sky tone too dark, and 
a special colourless U.V. filter is used. 
Snowflakes. Snowflakes themselves can be 
caught by the camera in the same way as 
raindrops — i.e., if they are in sunshine and the 
background is in shadow. As it is not possible 
to focus all the flakes sharply from the camera 
to infinity, the photograph is best taken from 
under a shelter so that there are no flakes falling 
near the camera. 

Faking Snowflakes. A passable imitation of 
snowflakes can be added to a negative by 



spattering the reverse side with opaque pigment. 
An old toothbrush is loaded with pigment and 
the spattering effect is produced by rubbing 
the finger along the bristles. 

Thesame effect can be applied to the print by 
covering the paper with a sheet of glass and 
spattering the top face of the glass. The image 
of the drops of pigment is blurred by being out 
of contact with the paper, and the result is a 
convincing substitute for real snow. P.J. 

See also: Cold weather; Frost; Polar photography; Winter 
sports. 

Books: All About Winter Photography , by E. Smith 
(London); All About Winter Sports t by H. Wolff(London). 

SOCIETY OF MOTION PICTURE AND 
TELEVISION ENGINEERS. American soci- 
ety for promoting the interests of all engaged in 
cinematography and television. It aims to 
advance the theory and practice of engineering 
in motion pictures, television, and the allied 
arts and sciences; to develop and approve 
standards of equipment and methods; to set 
and maintain a professional standard among 
its members, and to publish useful technical 
information for the benefit of its members. 

The Society was founded in 1916; it now has 
4,000 members in 50 different countries. It 
holds local meetings throughout the year in 
different parts of the United States, and holds 
two annual , conventions. In addition to fre- 
quent reports on matters of interest, the Society 
publishes a monthly Journal. 

Active membership is open to anyone over 
25 years who possesses three years professional 
experience; Associate membership is open to 
anyone over 18 years and there are no age or 
experience requirements for student members. 
Sponsors are necessary in all cases, and annual 
dues vary according to the type of membership. 

The society employs a permanent executive 
and technical advisory staff. 

SOCIETY OF PHOTOGRAPHIC SCIEN- 
TISTS AND ENGINEERS. This is a pro- 
fessional association in the United States 
devoted solely to the advancement of the 
application of science to photography and 
of photography to science. Its membership is 
made up of men who use photography to 
obtain data in science and industry, or who are 
engaged in the design and improvement of 
photographic equipment and materials. 

The Society was formed in 1947 as a local 
group in Washington, D.C. It was reorganized 
and incorporated in 1948 to admit to member- 
ship persons everywhere who are engaged in 
photographic engineering on a responsible, pro- 
fessional level. Affiliate membership was made 
available to all interested in photography as an 
applied science rather than as an art or craft. 

The Society has numerous members through- 
out the United States and in several other 
countries. Although its members work in 


SOD 

many fields, thev are all engaged in pursuits 
where photograpny plays a vital part. 

The formation of local chapters is en- 
couraged wherever there are sufficient members 
and the Society now has chapters in Washing- 
ton, D.C.; Fort Monmouth, N.J.; New York, 
N.Y.; Los Angeles, Calif.; Dayton, Ohio; 
Chicago, 111.; and Boston, Mass. Chapter 
meetings are devoted to the presenta.ion of 
papers and organized discussion. The exchange 
of experiences affords each member opportuni- 
ties to learn the techniques of other fields and to 
utilize them in his own work. 

A National Conference on Progress in Photo- 
graphic Engineering is held annually. Members 
meet for several days, during which papers are 
delivered and new equipment displayed. 

Each member of the Society receives the 
quarterly publication. Photographic Engineering. 
This journal provides authoritative informa- 
tion about the theory and applications of 
photographic science, the engineering of phoio- 
graphic materials, apparatus, optics, and illu- 
minants, and photographic instrumentation and 
data reduction systems. 

The Society carries on its engineering, busi- 
ness, and professional activities through com- 
mittees which conduct their work outside the 
chapter meetings. For example, development of 
standards is aided by S.P.S.E. representatives 
serving on each of the several photographic 
committees of the American Standards Asso- 
ciation. Other objectives of the S.P.S.E. include 
the encouragement of better means for educa- 
tion in photographic engineering; the main- 
tenance of a high level of competence among its 
members, wider use of scientific thinking and 
methods; and proper recognition of photo- 
graphic engineering as a profession. E.S.C. 

SODIUM ACETATE. Used in gold toners. 

Formula and molecular weight: NaO a CCI I,; 
3H t O; 136. 

Characteristics: White crystals. 

Solubility: Highly soluble in water at room 
temperature. 

SODIUM AURICHLORIDE. Gold sodium 
chloride. Chemical commonly used in gold 
toning positives. 

SODIUM BIBORATE. Chemical used in 
certain line grain developers and for toning. 
Synonym forsodium borate, or borax. 

SODIUM BICHROMATE. Sodium dichro- 
mate. Used in inlensiliers, bleaching baths, and 
carbon, carbro, and other gelatin or gum- 
bichromate processes in place of potassium 
bichromate. The latter has the advantage of 
not being deliquescent, but is much less soluble. 

Formula and molecular weight: Na»CT,0,. 
2HjO; 298. 

Characteristics: Deliquescent red crystals. 

Solubility: Highly soluble in water. 
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SODIUM BISULPHATE. Sodium hydrogen 
sulphate. Used as an acidifying agent in acid 
fixing baths, especially in dry acid fixing 
powders where a mixture of sodium bisulphate 
and acetate acts like acetic acid. 

Formula and molecular weight: NaHS0 4 . 
H s O; 138. 

Characteristics: Small white crystals. 
Solubility : Fairly soluble in water. 

SODIUM BISULPHITE. May be used to 
replace potassium metabisulphite in stop baths 
and acid fixing baths, or as a preservative in 
developers. A fairly concentrated solution used 
to be sold as “bisulphite lye”. 

Formula and molecular weight ; NaHSO, ; 
104 . 

Characteristics : White salt, smells of sulphur 
dioxide. 

Solubility: Fairly soluble in water. 

SODIUM BISULPHITE LYE. Concentrated 
solution of sodium bisulphite (approximately 
30 per cent), prepared by dissolving sodium 
sulphite in dilute sulphuric acid. Has the same 
uses as sodium bisulphite, but is nowadays 
rarely employed in this form. 

SODIUM BORATE. Several borates of sodium 
are known, and are used as alkalis in de- 
velopers. The main ones of photographic 
importance are sodium metaborate and 
sodium tetraborate (borax). 

SODIUM BROMIDE. May be used to replace 
potassium bromide in bleachers or in de- 
velopers. Six parts anhydrous sodium bromide 
are equivalent to 7 parts potassium bromide or 
8 parts sodium bromide crystals. 

Formula and molecular weight: NaBr; 103, 
and NaBr.2H,0; 139. 

Characteristics: Hygroscopic white crystals 
or white powder. 

Solubility: Highly soluble in water at room 
temperature. 

SODIUM CARBONATE. Soda; soda ash. 
Alkali in developers. Three parts anhydrous 
salt are approximately equivalent to 8 parts of 
crystals. 

Formula and molecular weight: Na,CO,; 
106, or Na,CO,.10H,O; 286. 

Characteristics: White powder or large 
colourless crystals. A monohydrate Na,CO,. 
H t O; 124, also exists and is widely used in 
America. 

Solubility: Freely soluble in water. 

SODIUM CHLORIDE. Common salt. Used 
in some bleachers and reducers. 

Formula and molecular weight: NaCl; 58’5. 
Characteristics: White crystals. 

Solubility: Freely soluble in water at room 
temperature. 


SODIUM DIPHOSPHATE. Disodium phos- 
phate. Chemical used as a weak alkali in some 
developers. 

See also : Sodium phosphate ( dibasic I. 

SODIUM GOLD CHLORIDE. Sodium auri- 
chloride. Chemical commonly used in gold 
toning positives. 

SODIUM HEXAMETAPHOSPHATE. Cal- 
gon. Water softener. 

Formula and molecular weight: (NaPO,),; 
612. 

Characteristics: White powder. 

Solubility: Highly soluble in water at room 
temperature. 

SODIUM HYDRATE. Caustic soda. Strong 
alkali. Commonly used in some developers for 
high activity and rapid processing. 

See also: Sodium hydroxide. 

SODIUM HYDROSULPHITE. Sodium hypo- 
sulphite. Used as blackener in reversal pro- 
cessing. 

Formula and molecular weight: Na,S,0 ( . 
2H a O; 210. 

Characteristics: White crystalline powder. 
Does not keep well; the solution in particular 
soon deteriorates. 

Solubility : Freely soluble in water. 

SODIUM HYDROXIDE. Caustic soda; 
sodium hydrate. Strong alkali in developers. 
Formula and molecular weight: NaOH; 40. 
Characteristics: Very hygroscopic sticks or 
pellets. A slightly less pure form is also sold as 
flakes. Solid and solution are corrosive. 

Solubility: Highly soluble in water at room 
temperature. The solid generates heat as it 
dissolves. 

SODIUM HYPOSULPHITE. Strictly speak- 
ing this is sodium hydrosulphite, but in 
photography the term is frequently applied to 
sodium thiosulphate. 

SODIUM METABISULPHITE. Used in acid 
fixing baths and stop baths, and as a preserva- 
tive in developers. 

Formula and molecular weight: Na,S,0,; 
190. 

Characteristics: White crystals. 

Solubility: Fairly soluble in water. 

SODIUM METABORATE. Alkali in 
developers. Kodalk is a proprietary alkali of 
this type. 

Formula and molecular weight: NaBO, 
2H a O ; 102. 

Characteristics: White crystalline powder. 
Solubility: Freely soluble in water at room 
temperature. 
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SODIUM PHOSPHATE (DIBASIC). Di- 
sodium phosphate, sodium hydrogen phos- 
phate; sodium diphosphate. Weak alkali in 
developers. 

Formula and molecular weight: Na,HPO t . 
12H.O; 358. 

Characteristics: White crystals. 

Solubility: Fairly soluble in water at room 
temperature. 

SODIUM PHOSPHATE (TRIBASIC). Tri- 
sodium phosphate; sodium orthophosphate. 
Alkali in developers. 

Formula and molecular weight: NajP0 4 . 
12H.O; 380. 

Characteristics: White crystals. 

Solubility: Fairly soluble in water at room 
temperature. 

SODIUM POTASSIUM TARTRATE. Roch- 
elle salt. Used in some toners and sensitizers; 
also as a developing agent in the kallitype pro- 
cess. 

Formula and molecular weight: NaK 

(CO,CHOH),.4HjO ; 282. 

Characteristics: White powder. 

Solubility: Freely soluble in water. 

SODIUM SULPHATE. Glauber’s salt. Used 
in hot weather processing solutions to reduce 
swelling of the gelatin. 

Formula and molecular weight: NajS0 4 . 
10H.O; 322. 

Characteristics : White crystals. Also exists in 
an anhydrous powder form, 7 parts of whichare 
equivalent to 16 parts of the crystalline salt. 

Solubility: Fairly soluble in water at room 
temperature. 

SODIUM SULPHIDE. Used in sulphide 
toners. 

Formula and molecular weight: Na,S.9H,0; 
240. 

Characteristics: Very hygroscopic colourless 
crystals. Keep in well stoppered bottles. Dilute 
solutions do not keep. 

Solubility: Freely soluble in water at room 
temperature. The solutions smell of hydrogen 
sulphide (rotten eggs). 

SODIUM SULPHITE. Preservative in 
developers. 

Formula and molecular weight: Na,SO,. 
7H.O; 252. 

Characteristics: White hexagonal crystals. 
Also exists in the form of an anhydrous 
powder. One part of the latter is equivalent to 2 
parts of crystals. 

Solubility: Freely soluble in water at room 
temperature. 

SODIUM THIOANTIMONATE. Schlippe’s 
salt. Used in certain intensifiers and sepia (sul- 
phide) toners to obtain a range of compara- 
t ively cold tones. 


SOF 

Formula and molecular weight: Na,SbS 4 . 
9HjO; 481. 

Characteristics: Yellowish crystals. 

Solubility: Freely soluble in water at room 
temperature. 

SODIUM THIOCYANATE. Sodium sul- 
phocyanide, sodium rhodanate. Used as a 
solvent in fine-grain developers in place of 
potassium thiocyanate. 

Formula and molecular weight: NaCNS; 83. 

Characteristics: White hygroscopic crystals. 
Poisonous. 

Solubility : Highly soluble in water. 

SODIUM THIOSULPHATE. Sodium hypo- 
sulphite; hypo. Fixing agent; also used in 
Farmer's reducer. 

Formula and molecular weight: Na a S,O s . 
5H.O; 248. 

Characteristics : Colourless hexagonal 

crystals. Also exists in an anhydrous powdered 
form. Two parts of the latter are approxim- 
ately equivalent to 3 parts of the crystalline 
salt. 

Solubility: Highly soluble in water at room 
temperature. 

SODIUM VAPOUR LAMP. Vapour dis- 
charge lamp giving an intensely yellow light 
which has some special advantages for subject 
lighting in photography — e.g., in scientific work. 
Also used for darkroom illumination when 
handling materials which are completely 
insensitive to yellow. 

See also: Discharge lamp; Monochromatic Illumination. 

SOFT FOCUS. Photographers do not always 
want a critically sharp image. Some subjects 
look better when the definition is more or less 
diffused so that the eye is freed from the dis- 
tracting influence of unimportant detail, sur- 
face texture and blemishes — e.g., such as are 
caused by scratches on the negative. 

There are several ways of arriving at a soft 
focus image: by using a soft focus lens in 
the camera, by using a diffusion attachment 
on the camera or enlarger lens, or by printing 
through a diffusing screen. The image may be 
softened either in the camera or during print- 
ing in the enlarger. 

Effect of Diffusion. Diffusion during enlarging 
differs in one respect from diffusion during 
exposure in the camera. In the camera diffusion 
spreads the light from the brighter parts of 
the image into the darker areas — i.e., the high- 
lights of the negative spread into the shadows. 
When the diffused negative is printed, the 
bright parts of the print are surrounded by a 
kind of luminous halo. 

When the diffusion takes place during 
enlarging, the effect is still to spread the bright 
parts of the projected image into the dark areas. 
But in this case the bright areas become the 
shadows in the developed print. So in the 
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SOFT FOCUS. Left: When the subject Is photographed with a 
soft focus attachment In front of the camera lens (or with a 
soft focus lens), the light scatter spreads highlights on the 
negative Into the shadows, giving a halo-like glow in the print. 
Right: Diff usion of a straight negative during enlarging gives a 
soft print with shadows spreading Into the highlights. 

print the shadows spread into the highlights 
and reduce the brilliance of the picture. 

Diffusion during printing also has the effect 
of subduing small scratches and other flaws, 
and playing down the grain of the negative 
when it would be otherwise noticeable. 

Soft Focus in the Camera. One of the most effec- 
tive ways of softening the image is to use a 
special soft focus lens, but this is only possible 
when the camera is equipped to take inter- 
changeable lenses. Such a lens is deliberately 
undercorrected for spherical aberration, with 
the result that the image formed by the centre 
of the lens is sharp, while the marginal parts 
superimpose an unsharp image. The degree of 
unsharpness is controlled by the lens aperture; 
the more the lens is stopped down the less the 
diffusion. 

An alternative method is to use a diffusion 
attachment. This is a disc made of either glass 
or clear plastic, engraved with a number of 
concentric circular lines. The depth and spacing 
of the lines govern the amount of diffusion. 

Most diffusion attachments have a clear area 
in the centre. This allows a proportion of the 
light rays to pass without being diffused, and 
by progressively stopping down the lens from 
full aperture, the amount of diffusion can be 
controlled from a maximum to none at all. 

Diffusion attachments are fitted with rim 
mounts and used in the same way as filters. 
They do not alter the normal exposure. 


A diffusion attachment can be improvised 
from a piece of Cellophane mounted in front 
of the lens like a filter and having the centre 
cut away to about half the diameter of the 
lens. 

While dirt and grease on the surface of the 
lens will also diffuse the image it would be a 
mistake to dull the lens deliberately to produce 
a soft focus effect. 

Blur produced by movement or deliberate 
misfocusing is not a soft focus effect. These 
methods blur the entire image whereas true 
soft focus is created by superimposing a certain 
amount of blur on a perfectly sharp image. 
SoftFocus in the Enlarger. The sharpness of an 
enlargement is softened for pictorial effect by 
the use of diffusion attachments mounted in 
front of the lens or diffusion screens of trans- 
lucent and textured material over the paper on 
the easel. 

Any delicate, finely woven fabric — e.g., 
chiffon, nylon, or silk — can be used to diffuse 
the image either by being held in front of the 
lens, or stretched on a frame above the paper. 
The effect varies according to the weave of the 
fabric and its distance from the lens or paper. 

A coarse fabric superimposes its own texture 
on the image, giving it the effect of having 
been printed on — e.g., linen or canvas — but it 
does not give a soft focus effect. 

For a texture eff ect the fabric or screen should 
be in contact with, or about J in. above, the 
paper. For diffusion to give a soft focus effect, 
the screen should be just in front of the lens. 

The material used should preferably be black 
to reduce the risk of fogging the image by 
reflected rays. Transparent wrapping material, 
crumpled and then flattened out, can also be 
used to soften the image in much the same way 
as woven material. 

With circular diffusion discs the degree of 
diffusion can usually be varied by stopping 
down the enlarger lens. The larger the lens 
aperture, the greater the diffusion. 

Another way of controlling the diffusion is 
to expose the print for part of the time with, 
and part without, the diffusion attachment in 
front of the lens. L.A.M. 

See also: Portrait lens; Texture screens. 

SOFT FOCUS ATTACHMENTS. Discs of 
translucent or transparent material which can 
be fitted in front of the camera lens like a colour 
filter to soften the definition of the image. 

See also: Soft focus. 

SOFT FOCUS LENS. Any lens which fails 
to record crisp pin-point definition can be 
termed a soft focus lens. Softness of focus is 
due to the fact that a single bright object point 
is imaged by the lens as a patch of light having 
finite size and a complex distribution of light 
intensity instead of the ideal point image. This 
softness is brought about by the various forms 
of lens aberration. In portrait lenses spherical 
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aberration is deliberately introduced to soften 
the focus. Softness of focus in other lens forms 
can be due to maladjustment or to the adoption 
of a lens construction which, perhaps for the 
sake of cheapness, does not have enough 
components to reduce residual lens aberrations 
to a suitable degree. 

See also: Portrait lent. 

SOLARIZATION. Strictly speaking, solariza- 
tion is the reversal of the image on a film or 
plate by an extreme amount of over-exposure 
— about 1,000 times the amount required to 
give a normal negative image on development. 

The term has by this time almost lost its 
original meaning. Nowadays it is applied — 
by all practical photographers at least — to the 
technique for producing a partly reversed image 
by exposing the negative to unsafe light during 
development — actually, the phenomenon 
known as the Sabattier effect. 

The effect commonly referred to as solariza- 
tion is produced when a negative is exposed to 
too strong or unsafe darkroom illumination 
during development. The already developed 
image acts as a negative through which the rest 
of the silver bromide is exposed. Some 
reversal of the image occurs and the result is 
part negative and part positive. If the expo- 
sure is heavy enough the resulting positive will, 
at any rate in the shadows, develop up to a 
greater density than the original negative 
image. 

Mackle Line. There is a further characteristic 
effect: a narrow band or rim of low density, 
called the Mackie Line, is formed at the 
boundaries between adjacent highlight and 
shadow areas. This happens partly because 
there is always an increased concentration of 
bromide ions in the emulsion at the boundary 
separating a completely developed area from 
one that is just developing. The bromide (partly 
produced from the silver bromide during 
development, and partly due to the potassium 
bromide from the developer) along such 
boundaries greatly retards development, form- 
ing a more or less clear rim. In the print the 
rim appears as a black outline around the 
principal image contours. 

Method. While a solarized negative is often the 
result of an error, it can be produced inten- 
tionally for effect. Negatives with large areas 
of dark tone and simple outlines are most suit- 
able for the process. 

The negative to be solarized is developed 
normally until the image is clearly visible on 
the surf ace. The emulsion side is then brought 
close to a fairly bright safelight, and exposed 
for a few seconds. The safelight should be one 
that is definitely unsafe with the material in use. 
Development is then continued until the 
desired appearance is achieved. 

The timing of the solarization exposure is 
important. The thinner half tones gain addi- 
tional density after the exposure and if the 


solarization exposure is given too soon, the 
half tones will be very dense and have poor 
tone gradation. If the exposure is given too 
late, the solarization effect will be slight. It is 
clear from what has been said that solarization 
is by no means an exact technique; only the 
broad principles can be stated; the rest is a 
matter of individual experiment. 

Results similar to solarization can be pro- 
duced by extreme over-exposure of the negative 
in the first place followed by a brief exposure 
to an unsafe light before development. 

True solarization often occurs when a very 
intense light source — e.g., an electric arc — 
appears in the picture and is grossly over- 
exposed. Because of solarization, the source 
reproduces as a black patch on the print in- 
stead of a clear white. L.A.M. 

See aJso: Eberhard effect. 

SOLENOID. Electrical device capable of 
exerting a push or pull when energized with 
electric current. It consists of a spirally wound 
coil of insulated wire with a free, soft iron 
armature. When the armature is displaced 
from the centre of the coil and a current is 
passed through the wire the magnetic field 
created by the passage of the current tends to 
pull the armature back into the centre of the 
coil. This force is used to provide remote con- 
trol of shutter operation, film transport, sub- 
ject lighting, etc. 

See also: Flash synchronization; Shutter releases. 

SOLUBILITY. Generally understood as the 
ability of a solid to dissolve in a liquid — e.g., 
to mix homogeneously with it. This is a quali- 
tative description; quantitatively the solubility 
of a substance is the amount of it that will 
dissolve in a given quantity of the liquid at a 
specified temperature. 

The substance that is dissolved is called the 
solute and the liquid that dissolves it is called 
the solvent. 

In photography the solutes are the various 
chemicals which are used for processing; the 
solvent is generally water. Some chemicals are 
very freely soluble (e.g., potassium thiocyanate, 
sodium hydroxide, and others), some are 
moderately soluble, and some are very slightly 
soluble or practically insoluble (e.g., the silver 
halides). 

A substance may be very slightly soluble or 
completely insoluble in pure water and yet 
freely soluble in an aqueous solution of another 
substance. This is usually due to some chemical 
interaction between the insoluble substance 
and the chemical already in solution. For 
example silver bromide is practically insoluble 
in water, but dissolves in a solution of sodium 
thiosulphate because of the formation of 
complex ions or double salts. 

Solubilities are generally quoted as the 
number of grams of solute that will dissolve in 
100 grams of solvent. Where the solvent is 
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water the solubility may generally be taken as 
the number of grains of solute that will dis- 
solve in 100 millilitres. A solution which will 
not dissolve any more of the solvent is said to 
be saturated. 

Substances with a solubility of 50 grams 
or more are regarded as highly soluble, 20-50 
grams as freely soluble, 5-20 grams as fairly 
soluble, and below 5 grams as slightly soluble. 
Solubilities in this book are given according 
to this scale. 

Solubility and Temperature. Solubility also 
depends on the temperature of the solvent. 
Most substances are more soluble at high 
temperatures, some do not vary a great deal 
with temperature, and a few are more soluble 
at lower temperatures. With a substance that is 
more soluble at higher temperatures, cooling a 
saturated or nearly saturated solution causes 
some of the dissolved solute to reform as solid 
crystals. Thus concentrated developers may 
deposit some of their ingredients in cold 
weather. 

Solubility of Liquids. Liquids which are soluble 
in each other are termed miscible. Such 
liquids may be completely miscible in all pro- 
portions (e.g., acetic acid and water, or alcohol 
and water), or they may be partly miscible 
(e.g., ether and water) or not miscible (e.g., 
petrol or oil and water). Partly miscible or 
non-miscible liquids will separate out in two 
layers if stirred together. Where the liquids are 
partly miscible each layer is a saturated solu- 
tion of the other. 

Solubility of Gases. Water also dissolves many 
gases. The solubility of a gas is generally 
highest at low temperatures, and the gases can 
be driven off by boiling. Thus tap water con- 
tains dissolved air; water for making developer 
stock solutions should therefore be boiled 
first to drive off the dissolved air which might 
otherwise oxidize the solution. A number of 
aqueous solutions of gases are used in photo- 
graphy, e.g., ammonia (which forms ammonium 
hydroxide), hydrogen chloride (which forms 
hydrochloric acid), and formaldehyde (which 
forms the formalin solutions used for harden- 
ing emulsions). L.A.M. 

See also: Chemical calculations; Chemicals; Solutions; 
Water. 

SOLUTIONS. Most photographic processing 
operations are carried out by solutions of 
chemicals in water. That is the only way in 
which most processing chemicals can act on the 
light-sensitive compounds in the emulsion of 
the film, plate, or paper. 

Many of the solutions are sold in bottles 
(usually of concentrated stock solutions which 
require dilution). Alternatively, the photo- 
grapher can make up his own solutions from 
packets or tablets containing pre-weighed 
amounts of the various ingredients in their 
correct proportion, or even weigh out the 
ingredients himself. 


Tablets. Tablet chemicals contain the various 
ingredients ready weighed out and compressed 
into one or two tablets. They are intended for 
making working solutions as and when re- 
quired, as the tablets are very easy to dissolve. 
The steps in the preparation of the solution 
are: 

(1) Measure out the required amount of 
water in a beaker or dish. 

(2) Drop in the tablet or tablets, and crush 
with a stirring rod. Stir up until all solid has 
dissolved. (Tablet developers contain the 
developing agents in one small tablet, and the 
alkali and sulphite in a larger tablet. The 
smaller tablet generally has to be dissolved 
first.) 

(3) In the case of paper developers and other 
solutions, use the bath as it stands. In the case 
of negative developers it may be advisable to 
filter the solution. 

Packet Developers. Developers sold in packets 
or tins may make either stock or working solu- 
tions. With packets the chemicals are usually 
contained in two plastic or paper bags, the 
smaller holding the developing agents and the 
larger the alkali, preservative, etc. The develop- 
ing agents in developers packed in tins may be 
packed separately in glass tubes or contained 
in a separate compartment of the tin. 

The steps in the preparation of the solution 
are: 

(1) Boilenough water for the total amount of 
solution required, and let it cool down to about 
120° F. (50° C.). This drives off most of the 
dissolved air and thus improves the keeping 
quality of stock developers. 

(2) Pour about three-quarters of the final 
volume of water required into a glass beaker, 
or a clean dish (glass, porcelain, glazed earthen- 
ware, or enamelled or stainless steel, but not 
galvanized iron or other metal). 

(3) If the water is hard, add the recommended 
amount of a water softener like sodium hexa- 
metaphosphate (Calgon). This is however, not 
essential. 

(4) Pour the contents of the small packet of 
the developer pack into the water, and stir 
well until fully dissolved. 

(5) Pour in the contents of the main packet, 
stirring all the time. 

(6) Filter the solution into a clean bottle. 

(7) Add enough of the boiled water (pre- 
ferably cooled down) to make up the required 
final volume. It is best to choose a bottle of the 
correct capacity so that the solution fills it 
completely. 

The solution can then be used at full strength 
or diluted as recommended. The bottle should 
always be correctly labelled; some manu- 
facturers include printed, gummed labels in 
the pack for the purpose. 

Other Packed Chemicals. Proceed in the same 
way as for developer packets, but note any 
special instructions regarding the order of 
mixing, and the temperature of the water — 
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acid hardening fixers, for instance, should not 
be dissolved in water warmer than 70° F. 
(21° C.). 

Where the chemicals are mixed in one 
package, it is often convenient to dissolve them 
directly in the stock solution bottle. In that 
case fill a bottle of the correct size three- 
quarters full of water, put a wide-necked dry 
funnel into the neck of the bottle, and slowly 
pour the powdered chemicals down the funnel. 
Then fill up to the required level with water, 
close the bottle, and shake it from time to time 
until the solid has all dissolved. Filter if neces- 
sary. 

Making up Published Formulae. Chemicals are 
made up to published formulae by weighing 
out the separate ingredients and dissolving 
them in the appropriate amount of water. The 
procedure is as follows. 

(1) Weigh out the required amount of each 
chemical on a balance. The chemicals should be 
weighed on a piece of paper or a watch glass, 
never directly on the balance pans. Large 
amounts of any particular chemical — e.g., 
sulphite or carbonate in developers — are best 
weighed in several smaller lots. 

(2) Boil enough water f or the total amount of 
solution required to drive off most of the dis- 
solved air, and let the water cool down to 
about 1 20° F. (50° C.). 

(3) Pour about three-quarters of the final 
volume of water required into a glass beaker 
or clean dish. 

(4) If the water is hard, add the recommended 
amount of a water softener like sodium hexa- 
metaphosphate (Calgon). 

(5) Dissolve the chemicals one by one, 
stirring the solution thoroughly. Wait until 
each chemical is completely dissolved before 
adding the next. Dissolve the chemicals in the 
order specified for the formula. 

(6) Filter the solution into a clean bottle of 
the required size. 

(7) Add enough of the boiled water (prefer- 
ably cooled down) to make up to the required 
final volume. The final level may be marked 
beforehand on the bottle. 

(8) Label the bottle correctly. 

(9) Dilute as recommended for use. 

Certain formulae need a special procedure for 

dissolving. Thus some chemicals may have to 
be dissolved separately and the solutions mixed 
in a given order. 

In some cases cold water is necessary — e.g., 
with hardening fixers. 

Sodium hydroxide should always be dis- 
solved separately in a little cold water. 

With solutions incorporating sulphuric acid 
use either dilute acid or mix the acid by 
pouring it into the water (never the other way 
round) with constant stirring. 

All the chemicals should be weighed out 
before starting to dissolve any of them. 

Ingredients used in small quantities n#ed 
accurate weighing— e.g., developing agents 




MAKING UP A SOLUTION. I. Weigh out the required amount 
of each chemical on a balance. 2. Boil enough water for the 
total amount of the solution to drive off most of dissolved air, 
then cool to about 120° F. and pour out three-quarters of the 
final volume into a beaker. 3. Dissolve the chemicals one by one 
in the order specified in the formula, waiting until each chemical 
is dissolved before adding the next. 4. Filter the solution into a 
clean bottle of the right size to take just the final volume of 
solution. S. Add enough boiled and cooled water to make up 
to the final volume specified. Label the bottle. 
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must be weighed to the nearest 0 05 gram 
or to the nearest grain — bulk chemicals may 
be weighed more roughly. In some cases 
powders may be measured by volume in 
suitably calibrated measures. This applies 
especially to fixing powders and the like where 
high accuracy is not required. 

Percentage Solutions. Individual chemicals 
which keep well in solution may conveniently 
be stored in percentage solutions. This makes 
measuring out easier, since no weighing is 
involved apart from making up the original 
solution. Thus whole formulae — e.g., certain 
toners — can be made up in a series of per- 
centage stock solutions of the individual in- 
gredients. 

Usually 10 per cent solutions are most 
practical, or 5 per cent solutions if the chemical 
is not sufficiently soluble at normal tempera- 
tures. Substances required in large amounts — 
e.g., sodium thiosulphate — may be stored in 
more concentrated solutions provided the 
solubility is high enough. The same applies to 
chemicals which deteriorate in dilute solution — 
e.g., sodium sulphide. 

Percentage solutions are also convenient 
where very small quantities of a chemical are 
required. It is, for instance, easier to measure 
out 5 c.cm. of a 10 per cent potassium bromide 
solution for a developer than to weigh out 
accurately 0-5 gram. Where the amounts are 
very small, the solution may have to be more 
dilute still (e.g., 1 per cent). L.A.M. 

See also: Bottles; Chemical calculations; Chemicals; 
Solubility ; Stoppers. 

Books: Developing, by C. I. Jacobson (London); 
Photographic Chemicals and Solutions, by J. Crabtree and 
O. Matthews (New York). 

SOOT-AND- WHITEWASH. (Slang.) Applied 
to the tones of an excessively contrasty print — 
e.g., one made from a contrasty negative when 
printed on a hard grade of paper. 

SOUND RECORDING. Nowadays all com- 
mercial motion pictures include sound either 
recorded at the time of taking the picture, or 
added afterwards. Even when there is no 
speech, the film is projected to the accompani- 
ment of background music or the sounds 
normally associated with the scene being 
shown. Amateurs too have begun to use sound 
increasingly since the introduction of wire and 
tape recorders. A number of commercial 
recording studios will also add sound records 
to amateur films at a reasonable cost. 

The principal recording systems are disc, 
optical, magnetic tape, and magnetic stripe. Of 
these, the magnetic systems are the best that the 
amateur can normally use most conveniently. 
Disc Recording. Recordings on gramophone 
discs were used for the earliest sound films in 
both professional and amateur fields. For the 
amateur, the technical difficulty of sound-on- 
disc recording used to be an objection, but 
nowadays these recordings can always be made 


at a commercial recording studio. The system 
of using discs, however, is inflexible and little 
favoured. For accurate synchronization of 
sound and picture, mechanical or electrical 
coupling between turntable and projector is 
necessary to maintain a rigid speed relationship. 
Any lengths of film that are cut out because of 
damage produce loss of synchronization since 
the equivalent part of the sound record cannot 
be removed at the same time. The limited play- 
ing time of discs is less serious at 33i r.p.m. 
Optical Recording. Optical sound recordings 
are widely used by both professionals and 
amateurs. In optical recording the sound is 
recorded photographically as a variable silver 
deposit along one edge of the film and so syn- 
chronization cannot be lost even when sections 
of the film are removed. Sound reproduction is 
effected by scanning the track with a narrow 
slit of light. Variations in the light transmitted 
by the silver deposit produce corresponding 
variations in the current delivered by a photo- 
cell on to which the light is directed. The cur- 
rent is subsequently amplified to operate a 
loudspeaker. Films are projected at a speed of 
24 frames per second. Since the film moves 
intermittently through the picture gate, the 
sound track is scanned some distance farther 
on after all irregularities in the film motion have 
been absorbed. 

Optical sound film projectors are available for 
the 16 mm. and 9.5 mm. film gauges, but the 


MAGNETIC SOUND TRACKS. L.ft: Hair-striped, single per- 
foroted 16 mm. film with magnetic track added Co cover, 
half the width of the optical track. Right: Double perforated 
16 mm. silent film with magnetic sound track added outside 
the perforations. In both cases the lef C side of the film carries 
a balancing stripe to promote good spooling. 
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RECORDING SYSTEM. The microphone electrical pulsations, 
after amplification, may be recorded in various ways. A, 
mechanical recording on discs; the impulses energize vibra- 
tions in a cutting stylus. B, optical recording on film; the 
impulses modulate the strength of a light source which exposes 
the sound track. C, magnetic recording on tape; the impulses 
selectively magnetize an iron oxide coating. 


linear speed of 8 mm. film through the projector 
is too low to make optical sound recording a 
practicable proposition. Recording sound 
optically is a highly technical process, but com- 
mercial studio facilities are available to users 
of 16 mm. 

Magnetic Tape Recording. Magnetic recorders 
using wire, or preferably magnetically coated 
tape, provide the cheapest way of adding high- 
quality sound to amateur films of all gauges. 
The sounds in this system are recorded by an 
electro-magnet as varying degrees of magneti- 
zation along a tape wound at uniform speed 
from one reel to another by a capstan. By 
operating a switch, the recording machine can 
be made to play back the sound, thus enabling 
the record to be checked for volume and 
quality, or even erased and re-recorded where 
mistakes have been made. 

The technique of magnetic recording is 
simple; recordings may be checked immediately 
without any processing and erased and replaced 
as often as necessary. As the tape is unper- 
forated, however, it is extremely difficult to 
maintain a rigid speed relationship between 
tape and film. The accuracy attainable is good 
enough for music and commentaries, but not 
usually for synchronizing speech to the lip 
movement of characters on the screen. 

Recorders operating from A.C. mains run at 
a speed determined primarily by the mains fre- 


quency. Approximate synchronization can 
therefore be assured by adjusting the projector 
speed to make the bars of a stroboscopic disc 
on the flywheel or sprocket appear stationary 
when illuminated by a neon lamp connected to 
the same mains supply, or by part of the pro- 
jector beamitself. 

Mechanical coupling between the tape 
recorder and the projector is a more reliable 
method of synchronization. This may take the 
form of a flexible drive shaft linking both the 
tape recorder and the projector motors, or the 
tape may run over a special capstan on a tape 
coupler or on the projector itself. In some cases 
tape recorder and projector are combined in 
one, being driven by the same motor. 

Slight stretch or shrinkage of the tape and 
slip between the tape and capstans may still 
give rise to progressive synchroning errors. To 
overcome this, some machines use perforated 
magnetic tape. For constant synchronism 
magnetic stripe systems are inevitably more 
reliable, and are becoming increasingly 
popular. 

Magnetic Stripe Recording. Magnetic sound 
film projectors reproduce sound from a narrow 
magnetic track applied to one margin of the 
film. Special attachments with magnetic sound 
head can also convert existing silent projectors. 
On 16 mm. films, this magnetic stripe may 
occupy all or half of the 100 mils (0-100 in.) 
normally used for the optical sound track. 
Since the projector is usually designed to re- 
produce optical sound films as well, either 
optical or magnetic sound may be reproduced 
from a film to which a half-track has been 
applied over an optical track. When striping 
is used, a balancing stripe is also added to the 
other margin of the film to ensure even spool- 
ing. 

To avoid the complications incurred by 
using single-perforated film in the camera, most 
amateurs prefer to have 16 mm. edge-striped. 
In this case a 30-mil track is applied between the 
perforations and the edge of the film. A similar 
arrangement is used on 8 mm. films. On 9-5 mm. 
films the 30-mil stripe is also along the edge of 
the film and allows the same picture format to 
be used as for silent projection. Satisfactory 
recordings of speech can be made on 16 mm. 
and 9-5 mm. magnetic sound films run at the 
speed normally used for silent films — i.e., 16 
frames per second. But the film must be run at 
24 frames per second for quality to compare 
with that of a good domestic tape recorder. In 
8 mm. films, the difference is more pronounced 
and a speed of 24 frames per second is desirable. 

As with optical sound films, the sound re- 
cording is made some distance ahead of the 
corresponding picture, usually 26 frames. The 
flexibility of editing is thus not as great in the 
magnetic stripe system as with a separate tape 
recording. On theotherhand the magneticsound 
film is simpler to handle and provides infallible 
synchronization of picture and sound. 
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Because of the editing difficulties mentioned 
already, the magnetic stripe system is less con- 
venient for recording the sound while the film is 
being taken. With careful rehearsal, however, 
speech can be post-recorded in synchronism 
with lip movements of the projected, edited 
picture film. Once recorded correctly, the 
speech will always be reproduced in synchron- 
ism with the action. With magnetic tape this is 
not generally possible. 

Recording on tape can be done during 
actual filming, and the record later transferred 
to optical sound film. Small synchronization 
errors are then corrected as the sound and 
picture negatives are edited shot by shot. The 
two negatives are then printed on to a single 
film to produce a conventional married print, 
i.e. a positive carrying both optical sound and 
picture records. D.M.N. 

Books: How to Add Sound, by D. M. Neale (London); 
Progress in Photography (2 vols.), ed. by D. A. Spencer 
(London). 

SOUP. (Slang.) Processing solution; generally 
restricted to developer, sometimes one of a 
home-made type. 

SOUTH AFRICA. Although the archives are 
singularly poor in subject matter relating to the 
origins and progress of photography in South 
Africa before Union (1910), old family photo- 
graphs in the possession of private people help 
to prove that photography was practised in the 
Cape Province shortly after its introduction to 
Europe and England in 1839. Sir John F. W. 
Herschel, an outstanding pioneer of photo- 
graphy, lived in the Cape in 1834; in all pro- 
bability he was the first photographer in South 
Africa. 

As the country opened up to the north and 
around the coastline, photographic studios 
started to operate in numerous towns and 
villages. Today every large town in South 
Africa boasts of numbers of professional photo- 
graphers, whilst almost every dorp (village) 
has a studio. 

Due to the clarity of the atmosphere on the 
Highveld (6,000 feet above sea-level), and also 
at places like Bloemfontein, Yale University 
has established observatories with high-powered 
telescopes to photograph the heavens. As a 
point of interest, the first President of the Cape 
Town Photographic Society, Dr. David Gill, 
was Astronomer Royal at the Cape. Together 
with a foundation member, A. H. Allis, he 
took the first known photograph of a star. 
Industry and Trade. While the applications of 
photography in South Africa have kept up 
with the rest of the world, both amongst 
amateurs and professionals, little progress has 
been made towards establishing a photographic 
industry. No sensitized papers or films are 
made in the country at all and amongst photo- 
graphic chemicals, only hypo and sodium 
sulphite are produced. 
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In post-war years a certain beginning has 
been made to manufacture photographic 
accessories, and this business is likely to expand. 
Such articles as plastic developing trays, dry 
mounting presses, photographic albums and 
other articles are beginning to replace the 
imported ones. 

On the other hand. South Africa is a con- 
siderable importer of photographic goods, and 
for the year ending December 1954 the total 
imports of photographic apparatus and material 
amounted to £1,032,042, made up as follows; 
raw cine film £148,691 ; exposed cine film 
£233,917; photographic apparatus and other 
materials £649,434. The bulk of the imports 
are from the United Kingdom, with the U.S.A., 
Germany and Japan following closely. If 
import control were released or relaxed, a 
large increase in the above figures would follow; 
while the future of photography in South 
Africa is bright, its progress is being ham- 
pered by prolonged application of this control. 

In the field of cinematography, one company 
in South Africa produces a weekly newsreel, 
and also puts out a number of full-length 
features in Afrikaans. Several smaller inde- 
pendent companies have come into being and 
are making films for TV and advertising. 

Both amateurs and professionals are turning 
more and more to colour, and photo-engravers 
are answering the challenge by producing top- 
rate reproductions. 

Activities. Amateur photography is growing 
rapidly in the Union of South Africa and there 
are today over 40 clubs and societies devoted 
to the pursuit of pictorial photography. 

In 1954 the Photographic Society of Southern 
Africa was formed to act as a liaison body for 
photographers in all parts of the country. The 
two largest societies in the Union exist in 
Johannesburg — the Camera Club of Johannes- 
burg (founded in 1934) and the Johannesburg 
Photographic and Cine Society (founded in 
1930). Cape Town Photographic Society is the 
oldest society, having been established in 1 890. 
There are three professional organizations in 
three out of four of the Provinces — the Trans- 
vaal, the Cape, and Natal. 

The amateur bodies organize international 
salons which are well patronized by world 
photographers. The Cape International Salon, 
the Witwatersrand International Salon and the 
South African Salon all rate highly amongst 
photographic competitors everywhere. 

The country is served by a bi-monthly maga- 
zine, South African Photography, published in 
Bloemfontein, and the Camera News, which is 
the official journal of the P.S.S.A. 

While such places as the Kruger National 
Park (the largest wild game sanctuary in the 
world) have been over-photographed, on film 
South Africa presents the photographer with a 
veritable paradise, especially because of the 
unparalleled climate and interesting native 
peoples. E.E. 
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SPAIN. Photography is widely practised in 
Spain today, and it has been the subject of 
popular interest since its inception, but, 
generally speaking, the emphasis is more on 
artistic output than on the manufacture of 
cameras and photographic equipment. 

History. The first photograph to be taken in 
Spain by Daguerre’s process was exposed at 
Barcelona on the 10th November, 1839, at one 
o’clock in the afternoon. 

The official test was carried out in what 
was then known as Plaza de la Constitucibn, 
now Plaza de Palacio. A daguerreotype plate 
was exposed in the presence of the authorities, 
men of science and artists, besides a large public. 

The experiment was carried out under the 
auspices of the Academia de Ciencias Fisicas y 
Naturales (the Academy of Physical and 
Natural Sciences) at the instigation of Dr. 
Pedro Felipe Monlau and on the initiative of 
Don Ramon Alabem an artist-engraver and 
disciple of Daguerre., The cost — 1946 reals 
(486 gold pesetas) — of the apparatus used to 
take this first photograph was borne hy 
fourteen members of the Academy. 

The experiment was entirely successful and 
lots were drawn for the first daguerreotype 
produced. The camera can now be seen in the 
Fabra observatory in Barcelona. 

The daguerreotype process was popular for a 
long period, with the result that today many 
families treasure portraits of their ancestors 
which were made in this way. 

Until the dry plate appeared, photography 
was practised only by professionals. Leading in 
the collodion period was Charles Clifford, 
photographer to the Queen of Spain and an 
Englishman by birth. When working conditions 
became easier as a result of this innovation, 
many amateurs entered the field. After a 
hesitant beginning, amateurs soon developed 
a style of photography of considerable merit, 
for they were not concerned with making 
profits but rather to give aesthetic enjoyment. 

Among practising photographers in Spain 
at the end of the nineteenth century the most 
noteworthy was Dr. FerrAn. He carried out 
many experiments in photographic chemistry, 
and prepared photographic papers giving 
results similar to Fresson paper. This was the 
period of the pigment processes, which workers 
of those times used in an effort to get a better 
rendering than was possible with the materials 
then available. Pissaca introduced the gum bi- 
chromate process into Spain and had a con- 
siderable following. 

In 1952 the centenary of the birth of Dr. 
FerrAn was celebrated and a commemorative 
postage stamp issued bearing his portrait. 

Another figure in photography in the late 
nineteenth century was Don Antonio CAnovas 
del Castillo. 

In 1939, the Agrupacion FotogrAfica de 
Cataluiia (the Photographic Society of Cata- 
lonia) celebrated the centenary of the first 
e. — MM 


photograph taken in Spain and the Academy 
of Science offered its full collaboration, in- 
cluding facilities for research. The celebration 
and its associated functions were confined to 
practising photographers, the population as a 
whole being engaged in recovering from the 
difficult times through which the country had 
just passed. 

Organized Photography. While the Spanish 
contribution to the progress of photographic 
science is not great, there are a large number of 
workers actively engaged in artistic photo- 
graphy. Throughout the Iberian peninsula 
there are flourishing groups, societies and clubs 
of enthusiasts whose aim is the spreading of 
technical skill and artistic appreciation. 

The largest of these bodies is Agrupacibn 
FotogrAfica de Cataluiia (the Photographic 
Society of Catalonia) which at present numbers 
about 1,000 members. Next in importance 
comes the Real Sociedad FotogrAfica de 
Madrid (the Royal Photographic Society of 
Madrid), which includes photographers of 
world repute amongst its members; the Socie- 
dad FotogrAfica de Zaragoza (the Photographic 
Society of Saragossa), likewise with a dis- 
tinguished membership; and the Sociedad 
FotogrAfica Guipuzcoana (the Photographic 
Society of Guipuzcoa), representing the best 
Basque photographic talent. All these societies 
hold an annual international salon. There are 
also bodies active in Igualada, Alicante, Alcira, 
Palma (Majorca), Valencia and Bilbao, in 
addition to others which cater for specialized 
interests. Many tourist centres have their 
own photographic clubs and here members 
tend to specialize in landscapes and mountain 
studies. 

Interest in photography is on the increase in 
Spain today and the number of persons actively 
engaged in it on a full time basis is estimated 
at about 3,000. In addition to these workers, 
there are a large number of amateur enthu- 
siasts among the general public. 

More than one hundred serious workers 
compete in international exhibitions, submitting 
splendid work and often gaining important 
prizes. 

Industry and Trade. There are now three im- 
portant photographic firms engaged in the 
manufacture of photographic paper, plates 
and films which they distribute to Spanish 
dealers. 

The manufacture of cameras and accessories 
is restricted to the simple popular types. There 
are a few specially built cameras for profes- 
sional purposes, but even these are fitted with 
foreign lenses. 

Figures published in the Anuario Espahol 
de Exportaciones e Importaciones (Annual 
Report of Spanish Exports and Imports) show 
a large over-all increase in the imports of photo- 
graphic apparatus and sensitive materials in 
the years 1950-2 inclusive. In the first two years 
the value of imported cameras of all sizes 
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averaged 43 million pesetas, rising to nearly 
176 millions in 1952. Imports of films for still 
photography rose from 16 millions in 1950 to 
133 millions in 1951 and over 138 millions in 
1952; corresponding figures for plates were 
166, 232 and 342 millions respectively. Lens 
imports were 9-5 millions in 1950, 6-7 millions 
in 1951 and 55-5 millions in 1952. Unexposed 
motion-picture film alone shows a drop from 
539 millions in 1950 to 485 millions in 1951, 
rising t o 5 1 3 millions in 1952. 

Exports are on a smaller scale, the only con- 
siderable item being cameras for negative 
sizes over 13x18 cm., the value of which in 
each of the three years under review was 1 -6 
million, 6-3 million and 9-6 million pesetas. 
The aggregate value of all other exports of 
photographic materials and apparatus in 1952 
was only 320,000 pesetas. 

Magazines. Since the year 1923 there has 
appeared in Barcelona a monthly bulletin 
which is the organ of the Agrupacidn Foto- 
grSfica de Catalufla (Photographic Group of 
Catalonia), an organization with the largest 
membership in the district. From 1925 to 
1930 a Catalan-language magazine entitled 
Art de la llum (Art of Light) was also pub- 
lished. From 1949, for a period of about four 
years, the magazine Sombras (Shadows) 
appeared in Madrid. At the present time A.F. 
( Arte fotogrdfica), a handsomely produced 
magazine, regularly publishes contributions 
from the best-known names in the world of 
photography. M.C.-B. 

SPARK PHOTOGRAPHY. Method of secur- 
ing an image of an object moving at high speed 
by illuminating it with the instantaneous light 
of an electric spark. The spark is produced by 
discharging a condenser across a spark gap on 
one side of the path of the moving object so 
that it records a silhouette of the object on a 
plate on the opposite side. There is no need 
for a lens in the set-up as the spark when 
placed at a distance behind the subject gives 
a reasonably close approximation to parallel 
lighting and forms a sharp edged shadow. 

The first attempts at spark photography 
were probably made at Woolwich Arsenal 
about 1860 with the object of photographing 
projectiles in flight. These experiments appear 
to have met with little success because of the 
poor sensitivity of the wet plates employed. 

Ernst Mach and other Austrian scientists 
worked on the problem at Prague with more 
success, and Drs. Salcher and Riegler at 
Fiume made further improvements in the 
technique. In 1892 Sir Charles V. Boys pub- 
lished a detailed description of a number of 
successful experiments on photographing 
bullets in flight. 

The original circuit in modified form is still 
in use today. It consists of a spark condenser 
connected on the one hand to a suitable D.C. 
supply through a current-limiting resistance 



SPARK PHOTOGRAPHY CIRCUIT. A. main capacitor. B. main 
spark gap. C, secondary spark gap. D, triggering capacitor. 
E, triggering wires. F, projectile being photographed. 


and on the other to two spark gaps in series. 
One gap forms the light source while the other 
is a triggering gap. The combined resistance 
of both gaps is just too much for the condenser 
voltage to break down, but, if the small 
triggering gap is short circuited, the main 
condenser immediately discharges across the 
large gap. 

Triggering is achieved by discharging a small 
condenser across the triggering gap, the passage 
of the current ionizing the air in the gap and 
lowering its resistance enough to allow the 
main spark condenser to discharge. The 
triggering condenser is connected to its spark 
gap through a pair of triggering leads which 
are suspended in the path of the projectile. As 
the projectile strikes the leads it completes the 
triggering circuit and initiates the photographic 
spark. (The small spark from the triggering gap 
is shielded so that it does not affect the sensi- 
tized plate.) 

The greater part of the actinic light of this 
type of sparking between open metal electrodes 
is in the ultra-violet region of the spectrum and 
of a wavelength to which ordinary optical 
glass is practically opaque. So the absence of a 
lens means that all the actinic lietht is allowed 
to fall on the plate and what is visually a rela- 
tively feeble spark does in fact provide an 
adequate exposure even during the short 
period of the flash. 

Even in the early days of spark photography 
exposures as short as one-millionth of a 
second were achieved, but today exposures at 
one-tenth of that speed are normal. By modi- 
fying the circuit to give a continuously inter- 
rupted spark it is possible to produce a succes- 
sion of profiles of the subject on a moving film 
up to as many as 200,000 per second. 

For many kinds of high speed photography 
the open spark has been superseded by the 
electronic flash discharge tube, but it is still used, 
notably in ballistics. Modern circuits employ 
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main spark condensers of from 0-1 to 1 micro- 
farad, charged from 5,000 to as much as 10,000 
volts. The circuit is usually triggered by a 
mercury tube or thyratron. F.P. 

See alio: Ballistic photography; Chrono photography; ’ 
Flash ( electronic ); High speed photography; Stroboscopic 
flash. 

SPECIFIC GRAVITY. Weight of a volume of 
any substance compared to the weight of the 
same volume of water. The specific gravity of a 
liquid (and hence in many cases the concen- 
tration of any dissolved substance) can be 
measured directly with a hydrometer. 

SPECTACLE LENS. Single uncorrected lens, 
unsuitable for photography where good 
definition is important, but satisfactory for use 
as a supplementary lens in conjunction with the 
camera lens. When used in front of the lens to 
shorten or lengthen the effective focal length, 
the camera lens must be stopped down to 
restore good definition. 

SPECTACLES AND EYESIGHT. People who 
suffer from defective eyesight often wonder 
whether wearing spectacles will prevent them 
from taking up photography. Broadly speak- 
ing, there is no reason why spectacles should 
interfere with the use of a camera or any other 
photographic equipment; there are occasions 
when they are inconvenient, but there is always 
a satisfactory answer for those who care to 
look for it. 

Viewfinders. Eye-level finders of either optica 
or frame types do not affect the clarity of the 
picture seen by the wearer of glasses. But these 
finders require the eye to be placed as close as 
possible to the back sight, and people wearing 
glasses cannot get close enough. The result is 
that they see a smaller amount of the scene 
than the viewfinder — and the negative — 
actually cover. 

There are four solutions to the problem: 

(1) If the wearer’s sight is good enough to 
give a reasonable impression without the 
glasses they should be removed for sighting. 

(2) A few experiments will show just how 
much more will appear on the negative than 
can be seen in the viewfinder with the spectacles 
in use. With practice, the wearer is able to make 
a satisfactory estimate of the actual picture area 
based on the proportion in the finder. 

(3) Any good ophthalmic optician will com- 
pute and supply a lens to fit to the viewfinder 
to take the place of the corresponding spectacle 
lens. The spectacles can then be discarded while 
taking the photograph. This course is apt to 
be too expensive for the casual photographer, 
but it is the best solution for the professional 
to apply to his regular camera, at least. The 
cost of such supplementary lenses varies with 
the optical prescription. Usually the most 
expensive part of the arrangement is the 
mounting and fitting of the lens. 


(4) Many busy photographers who must 
wear glasses habitually for all work find that 
contact lenses worn on the actual eye itself 
are the ideal solution. 

The large “brilliant” type of finder gives no 
trouble at all to the spectacle wearer since it is 
viewed from a distance. Users of this type of 
finder will see the image clearly if they keep 
on the glasses that they normally wear for 
distance. There is nothing to be gained by 
wearing reading glasses with such finders. 

Many spectacled photographers have found 
that the ordinary frame type of finder can be 
improved by fastening thin cross wires to mark 
the centre of the front frame. This helps them 
to look straight through the centre of the 
frame at the centre of the subject. Without the 
cross wires, it is easy for the eye to look through 
the finder at an angle because of the separation 
between it and the back sight of the finder. 
Focusing Screens. The image given by a focus- 
ing screen is a real image, and behaves differ- 
ently from the virtual image given by optical 
and “brilliant” types of finder. In this case the 
image has to be focused like a page of print 
at the same distance. This applies both to 
normal and reflex focusing screens. And as 
these screens are viewed from a distance, there 
is no difficulty about wearing glasses when using 
them. 

People of middle age who experience diffi- 
culty in reading at the normal viewing distance 
of 5 ins. will have the same difficulty in seeing 
the image on the focusing screen. If they 
wear the glasses that they normally use for 
reading they will not be able to see the subject 
clearly when they take their eyes off the screen 
because the glasses are unsuitable for both 
near and distant sight. There are two answers 
to this trouble — either to wear glasses with 
bifocal lenses, or frames fitted with half -lenses 
which allow the wearer to look over the top for 
viewing distant objects. Anyone who normally 
wears bifocal lenses anyway will find them 
satisfactory for both focusing and direct 
viewing. 

Rangefinders. Ail types of rangefinder can be 
used by wearers of spectacles without diffi- 
culty. In this case the spectacles should be the 
ones normally worn for distance. About the 
only trouble likely to be experienced is from 
confusing light reflections on the lens of the 
spectacle, but these can be cut out by simply 
shielding the viewing eye with the hand or the 
brim of the hat. Some rangefinders are fitted 
with a focusing eyepiece which can be adjusted 
for use with or without glasses. 

Where the rangefinder and viewfinder are 
combined, there may be the difficulty already 
mentioned of getting the eye close enough 
when spectacles are wom. 

Focusing Aids. All the various types of magni- 
fier used as aids for focusing the image on the 
camera focusing screen or on the enlarging 
easel can be used by wearers of glasses without 
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inconvenience. People who normally wear 
glasses for reading only can dispense with them 
when using a direct optical magnifier type of 
aid — i.e., one which does not give the magnified 
image on a ground glass screen. Where the 
magnified image is projected on to a ground 
glass viewing screen — e.g., in one type of en- 
larger focusing aid — then if glasses are nor- 
mally worn for reading they must be used for 
focusing. 

Removing Glasses. One of the minor problems 
of the photographer who either removes or 
changes over glasses when taking photographs 
is to know what to do with the glasses he is not 
wearing. The most convenient parking place 
is the breast pocket, but there is always a risk 
of their falling out if the photographer bends 
down, and this pocket is not easy to get at when 
wearing an overcoat. A satisfactory solution is 
to hang the spectacles around the neck on a 
special cord fitted with quick clips at the ends. 
These spectacles cords can be obtained from 
most opticians. C.W.G.W. 


SPECTRAL SENSITIVITY. Response of a 
photographic emulsion to each of the separate 
colours of the spectrum. 

Ideally, spectral sensitivity should be defined 
with reference to a spectrum which contains 
equal amounts of energy in each colour band. 
From this absolute spectral sensitivity, the 
sensitivity distribution towards other light 
sources can be worked out if the distribution of 
light of different colours in the source is known. 

Spectral sensitivities are as a rule determined 
by means of a wedge spectrograph. This is an 
instrument which separates white light into its 
component rainbow or spectrum colours. The 
light passes through either a glass prism 
or a diffraction grating consisting of a piece of 
glass or a mirror on which very many fine lines 
have been ruled. The ability of a grating to split 
up light into its component colours can be 
demonstrated by looking at a lamp through a 
piece of very finely woven fabric. 

Wedge Spectrogram. In the wedge spectrograph 
a light absorbing wedge of uniformly increasing 
density is placed across the spectrum formed by 



W EDGE SPECTROGRAPH. The light from an illuminated slit 
is split up into a spectrum and projected through a density 
wedge on to the material under test, being in contact with the 
wedge. The result is a wedge spectrogram. 
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WEDGE SPECTROGRAMS. These show the relative response 
of the material tested to light of different colours. B, blue- 
sensitive (e.g., process) materials; slightly sensitive 
to blue-green as well. O, orthochromatic materials; sensitive 
to green and yellow as well, but not red. P, panchromatic; 
sensitivity extended to orange and red. R, panchromatic with 
increased red sensitivity. 


the prism or grating, with the density gradient 
of the wedge at right angles to the extension of 
the spectrum. The photographic material 
under test is placed under the wedge. Under 
any one colour, therefore, the photographic 
material receives a range of exposures the 
intensity being relatively high at the thin end 
of the wedge and low at its dark end. So the 
degree of blackening on development at each 
step along the spectrum indicates the relative 
sensitivity of the emulsion to light of that 
particular colour. If it is completely insensitive, 
that strip of the material remains clear. If it is 
sensitive, part at least of the strip under the 
colour will be blackened. 

If now a print is made from the wedge 
spectrogram on high-contrast paper, all the 
heavily exposed portions of the spectrogram 
will appear light in the print, and tlu weakly 
exposed parts will appear dark. The separation 
line between the light and dark portion is a 
contour line of constant density in the negative. 
The light portion of the print will be wider at 
those places where the emulsion is most 
sensitive to the colour of that part of the 
spectrum. The wedge spectrogram is thus a very 
simple method of representing the colour 
sensitivity of a photographic material. 
Correction for Ultra-Violet. When making use 
of wedge spectrograms, however, some cor- 
rection is usually necessary First of all the 


1088 


SPE 


wedge spectrum falls off rapidly towards the 
ultra-violet because the instruments usually 
employed hold back ultra-violet rays. So what 
appeara to be a falling off in sensitivity to 
ultra-violet is not genuine; most materials are 
evenly sensitive in that region. 

Correction for Lighting. Secondly the nature of 
the light used to illuminate the wedge spectro- 
graph must be taken into account. 

This should emit equal energies at all wave- 
lengths, or otherwise the contour of the wedge 
spectrogram will depend on the spectral emis- 
sion of the source as well as on the response of 


the emulsion. This in fact happens with all 
common light sources, even daylight or fluore- 
scent strip lighting. The light from some sources, 
such as mercury vapour lamps, is not even 
approximately uniform in its energy distribu- 
tion throughout the spectrum. 

For most purposes it is sufficient to be able 
to assess the spectral sensitivity of a material 
towards average daylight and tungsten light. 
Wedge spectra for these two types of lighting 
are frequently published by manufacturers for 
the convenience of their customers. W.F.B. 

See «leo: Negative matrrtali: Srrultforr; Sptclrography. 


SPECTROGRAPHY 


A spectrum is a series of light or other electro- 
magnetic rays sorted out according to wave- 
length from radiation initially heterogeneous — 
i.e., which is composed of more than one wave- 
length. The rays can be of any type — X-rays, 
ultra-violet, visible, infra-red, etc. If they are 
in the visible region (4,000-7,000 A) the 
familiar colours of the spectrum are observed, 
since each wavelength is associated with a 
different colour — violet, blue, green, yellow, 
orange, red. 

It is commonly, though quite wrongly, 
believed that Sir Isaac Newton, by his famous 
experiment in 1 666 with a prism and a beam of 
sunlight, was the first to see an artificially pro- 
duced spectrum. In fact, his explanation of how 
the prism separated the colours latent in white 
light only clarified a conclusion towards 
which many others had long been groping. 
Newton did not, of course, associate the 
colours he saw with wavelengths, since he 
rejected the hypothesis that light was a wave 
motion. This was not established until the 
beginning of the nineteenth century. 

After about 1 820 rapid progress was made in 
the production, measurement and classification 
of spectra. Fraunhofer, shortly after Young’s 
work, produced the first instrument resembling 
the modern spectroscope, and with it dis- 
covered the lines in the solar spectrum still 
named after him. Spectroscopy was later 
developed as an analytical tool by many others, 
particularly Bunsen, Kirchoff and Angstrom. 
In 1884, Sir W. N. Hartley recorded spectra 
photographically, and since then valuable 
contributions have been made by de Gramont, 
Kayser, LundegSrdh, Gerlach and others. 
Spectrographs and Spectroscopes. Spectra are 
produced and examined today in a spectro- 
graph or spectroscope. Either instrument con- 
sists of a slit to admit the light, a prism or 
grating to disperse it, and a lens system (which 
must be exceptionally free from chromatic 
aberration) to focus an image of the slit. In a 
spectrograph this is received on a photo- 
graphic emulsion; in a spectroscope it is 
examined visually through a telescope. 


The slit consists of two parallel metal jaws, 
machined straight to an accuracy of 1/10,000 
in. and separated by an adjustable distance, 
which is usually in practice a few thousandths 
of an inch. The lenses form two groups — the 
collimator receiving the radiation from the 
slit, and the telescope (in the spectroscope) or 
focusing lenses (in the spectrograph) focusing it 
after dispersion. 

Only the spectrograph uses photography, 
but much of what is said here applies to 
either instrument. 

The spectrograph usually employes a 60° 
prism. For the visible region and the nearer 
(photographic) infra-red (4,000 — approx. 

12.000 A) it is made of highly dispersive 
flint glass. Other materials are used for wave- 
lengths to which glass is opaque. Quartz 
is used for the ultra-violet (wavelengths less 
than 4,000 A) and rock salt for the far infra- 
red (wavelengths over 20,000 A). 

Instead of a prism, a diffraction grating may 
be used. This is an optically flat mirror or 
transparent plate with a large number (up to 

20.000 per centimetre) of fine straight parallel 
lines engraved on the surface. This produces a 
spectrum by resolving the light through diffrac- 
tion and interference. 

Which method of dispersion is used depends 
on circumstances. A prism produces the 



3000 4000 5000 6000 7000 

TYPES OF SPECTRA. T op: Emission line spectrum of a luminous 
source (e.g. discharge tube). Centre: Absorption line spectrum 
(e.g. the line of the solar spectrum). Bottom: Emission band 
spectrum due to molecular groupings in luminous gases. 
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on to photographic plate or film. 

brightest spectra, and is therefore used with 
faint sources emitting little radiation (e.g., 
stars). It has, however, the disadvantage that 
dispersion is much less for long than for short 
wavelengths. A grating on the other hand pro- 
duces a normal spectrum, and also gives a 
much greater absolute dispersion. (A normal 
spectrum is one in which a given wavelength 
difference is represented by the same separa- 
tion at any wavelength.) But only a small pro- 
portion of the incident light is dispersed in a 
grating spectrum, which is therefore faint. 
Also, a grating produces in fact several spectra, 
of increasing faintness as they are of higher 
order, and these, by overlapping, may lead 
to confusion and difficulty in interpreting the 
results. 

Types of Spectrum. The spectrum of a luminous 
source may be of one of three kinds. 

(1) Continuous. This contains every possible 
wavelength within the limits of the spectrum. 
Over the visible region it therefore appears to 
the eye as a band of continuously varying 
colour, and is recorded photographically as an 
unbroken, though not necessarily uniform, 
exposed strip. Continuous spectra are emitted 
by incandescent solids and liquids (e.g., an 
electric lamp filament, molten iron) and by 
gases under certain conditions. They are in 
themselves of little scientific utility, but can be 
used in the examination of absorption spectra. 

(2) Line. Gases made luminous, either by 
heat or by an electrical discharge, normally 
emit only certain definite wavelengths, which 
are characteristic of the elements present. Their 
spectra therefore consist of a series of lines 
(usually of varying intensity and irregularly 
spaced), each line being an image of the slit 
formed by one wavelength. 

(3) Band. These are emitted by molecular 
groupings in a luminous gas, and consist of 
groups of lines too closely spaced to be re- 
solved except by a very large dispersion. The 
Swan bands emitted by a carbon arc in air at 
3,600-3,900 A are the best known. 

These are all emission spectra. Radiation 
which has passed through a material absorbing 
certain wavelengths but not others can be 


dispersed to form an absorption spectrum. 
This will be a line spectrum if the absorbing 
substance is gaseous; the Fraunhofer lines in 
the solar spectrum represent absorption by the 
sun’s atmosphere from the total radiation 
emitted by the (much hotter) interior. If the 
absorbing medium is solid or liquid, the spectra 
consists of series of bands, which are quite 
diffuse, and cannot be resolved into constituent 
lines. The position and intensity of these bands 
is characteristic of the absorbing substance. 

Spectra are also classified in practice accord- 
ing to the wavelength region under investiga- 
tion, different regions needing different tech- 
niques. 

(1) Infra-red absorption spectra, in the 
region 2-15^ (i.e., 20,000-150,000 A), cannot 
be recorded photographically, as they are out- 
side the region to which emulsions can be 
sensitized. 

(2) Visible and near infra-red (4,000 approx.- 
14,000 A) emission and absorption spectra are 
usually recorded photographically in a spec- 
trograph with glass components. 

(3) Ultra-violet (2, 1 00-4,000 A) emission and 
absorption spectra are also recorded photo- 
graphically, but quartz must be used in place of 
glass. 

(4) Far ultra-violet (approx. 100-2,100 A) 
emission spectra can also be recorded photo- 
graphically, but very special and diffi cult 
techniques are necessary, as both air and 
gelatin are opaque in this region. 

(5) X-ray “spectra”: X-rays cannot be dis- 
persed by any mechanical device, as their 
wavelength is too short (0-05 to, say, 10 A), but 
they can be diffracted by crystals, which act 
as natural gratings by reason of the regular 
arrangement of the atoms in them, spaced per- 
haps 1-2 A apart. A photographic record 
after diffraction shows a series of lines repre- 
senting different angles of reflection. These are 
not true spectra at all, since “monochromatic” 
X-rays of a single wavelength are used. True 
X-ray spectra can be produced, but they are 
something quite different. 

Spectrum Photography. Visible and ultra- 
violet spectra are recorded on ordinary photo- 
graphic plates. An emulsion is chosen which 
has the maximum sensitivity to the particular 
wavelength region under investigation. Plates 
are preferred because of the greater accuracy 
with which line separations can subsequently 
be measured. Many spectrographs incorporate 
a device for printing a wavelength scale beside 
the spectrum. 

In some spectrographs the focal plane is 
slightly curved; the plates must then be coated 
on extra thin glass, which can be bent slightly. 

The sizes of plates used depend on the dis- 
persion. The smallest laboratory spectrograph 
takes quarter-plates. A much used size dis- 
perses the region 2,000-10,000 A over about 
9 ins., and takes plates 4 x 10 ins. Still larger 
prism spectrographs have three times this 
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dispersion, and take three 4 x 10 ins. plates 
to cover the same region. Still greater dis- 
persion is used for special purposes; spectra 
over 100 feet long have been photographed on 
cinema film with a grating of very high dis- 
persion. 

In the 2,000-2,300 A region of the ultra- 
violet, and still more in the far ultra-violet, 
ordinary emulsions are at a disadvantage owing 
to absorption by the gelatin. For the region 
1,900-2,300 A the emulsion may be coated 
with a film of fluorescent oil, but this is messy 
and the oil must be removed before develop- 
ment. Alternatively, special emulsions con- 
taining the minimum of gelatin may be used; 
there are, however, always coarse-grained and 
inconveniently sensitive to the slightest pres- 
sure on the surface. For the far ultra-violet 
(wavelengths less than about 1,900 A) “emul- 
sions" containing no gelatin at all (Schumann 
plates) must be used. 

X-ray “spectra” are recorded on ordinary 
X-ray film. Film is usually employed because 
it can be made more sensitive to X-rays by 
double coating, and because it may have to be 
bent round a curve of small radius. 

Uses. Spectrography in one form or another is 
used in practically every field of science and 
industry. The majority of its uses depend how- 
ever on two basic facts. 

The first of these two is that in line-emission 
spectra the wavelengths present are charac- 
teristic of the elements present in the emitting 
gas, and can be used as an infallible index 
of their presence. This gives a now essen- 
tial tool to modem astromony, providing the 
only means of ascertaining the composition (and 
indirectly temperature, mass, etc.) of the stars. 
The photographically recorded displacement 
of certain spectrum lines from their normal 
wavelength is in fact the crucial experimental 
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evidence for the modem conception of the 
universe expanding like a soap bubble. 

The second fact basic to spectrographic 
analysis is that, in an electric arc or spark, 
the material of the electrodes is present in the 
discharge as a luminous gas, at a temperature at 
which practically all compounds are decom- 
posed into their elements. Hence spectrography 
of an arc or spark discharge between elec- 
trodes composed of, or impregnated with, the 
material under investigation gives a rapid and 
convenient method of qualitative elementary 
analysis of a great variety of metals and alloys, 
minerals and other inorganic materials. The 
method is also extremely sensitive, and will 
detect trace elements present in amounts too 
small f or other methods of analysis. 

Since most of the analytically useful lines 
lie in the ultra-violet, photographic recording 
is essential. 

This type of analysis can also be made quanti- 
tative. For example, an alloy containing 0-1 
per cent of magnesium will show more intense 
magnesium lines in its spectrum than one con- 
taining 0 01 per cent. In general, the inten- 
sities of the lines of a minor constituent on a 
developed plate, as measured by a micro- 
densitometer, relative to the intensities of 
suitably chosen lines of the major constituent, 
can be used to determine the proportion of the 
minor constituent present. 

This type of quantitative analysis is widely 
used for rapid production control of materials 
whose chemical composition is of critical 
importance — e.g., alloys in the aircraft industry. 

There are numerous other special uses of 
emission and absorption spectra, and of X-ray 
spectra, as an analytical tool in chemistry, 
physics, medical research and the applied 
sciences. H.J.Wa. 

Sec also: Spectral sensitivity. 


SPECTRUM. A prism disperses rays of light 
according to their wavelength. Using an illu- 
minated narrow slit as source, a lens and a 
prism can separate the different wavelengths 
or colours present in white light, each wave- 
length forming a separate image of the slit so 
making a spectrum. 

A rainbow is an imperfect spectrum formed 
by myriads of raindrops. 

The visible rays are only a part of the com- 
plete spectrum of so-called electro-magnetic 
radiation; there are others that cannot be 
seen but which can be detected by other means. 
The visible part varies in colour from red to 
orange, yellow, green, blue, indigo and violet. 
These colours are physical sensations produced 
by the action of light on a three colour recep- 
tor system in the eye, and the resultant inter- 
pretation by the mind. 

Wavelength Characteristics. The visible spec- 
trum extends from 4,000 to 7,000 A. and the 


human eye is most sensitive to the wavelength 
of 5,500 A. corresponding to yellow-green. The 
near infra-red is usually regarded as extending 
to about 15,000 A. The near ultra-violet is 
regarded for all practical purposes as extending 
to about 3,000 A. Below 3,500 A. all rays are 
stopped by ordinary optical glass. 

For optical systems below 3,500 A. it is 
necessary to use components of transparent 
crystalline quartz. 

Below 2,100 A. the rays are absorbed by the 
gelatin of normal photographic emulsions, and 
special emulsions are used with no or very 
little gelatin. 

Below 1,900 A. it becomes necessary to re- 
move all traces of water vapour from the 
system. 

Between 2,200 and 3,000 A. the absorption of 
gelatin and of the silver halide emulsion 
crystals reduces the depth to which the light 
can penetrate to a mere surface layer. This 
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reduces the density of the silver deposit that 
forms the image in the developed emulsion. 

The silver halide salts in photographic 
emulsions absorb light of all wavelengths 
below 5,000 A. This is the region of their 
normal sensitivity. But certain light-absorbing 
dyes will extend the sensitivity to include the 
whole of the visible spectrum and even part of 
the infra-red. Fast infra-red emulsions are 
sensitive only as far as 9,000 A., but some 
slower emulsions with special sensitization 
go as far as 14,000 A. 

Equal Energy Spectrum. In the spectrum of 
white light produced by a prism, the energy is 
not distributed evenly over the various colours 
— some colour bands contain more actual light 
energy than others. This type of spectrum is 
no use as a basis for studying the way in which 
the sensitivity of a photographic emulsion or 
the human eye changes with the colour of the 
light. What might appear to be high sensi- 



ELECT AO-MAGNETIC WAVES. These waves, travelling through 
empty space at about 1 66,000 miles per second, range in wave 
length from 0*01 Angstrom unit to thousands of kilometres, 
and in frequency from almost zero to 3 X I0'° cycles per 
second. A, gamma rays, covering 7 octaves. B, X-rays, 
covering 1 3 octaves. C, ultra-violet radiations, covering about 
4 octaves. D, one octave of visible light and one of near infra- 
red radiation. All the radiations so far can be recorded photo- 
graphically. The following ones cannot. E, far infra-red and 
heat rays. F, Hertzian waves (22 octaves). G, television and 
radio frequencies. H, audio frequencies. 


tivity to red, for instance, might simply mean 
that there was more light energy in the red 
band of the spectrum employed than in the 
other regions. 

The only real basis of comparison is a 
spectrum in which the energy is distributed 
evenly over the whole range. Such a spectrum 
is called an equal energy spectrum; it is the 
reference for most published colour sensitivity 
curves for sensitized materials and of similar 
curves showing the response of the human eye 
to colour. 

Colour sensitivity can be related to an equal 
energy spectrum without actually producing 
one. (It would in fact be very difficult to 
produce at all.) The energy distribution in a 
given spectrum can be measured accurately in 
terms of heat energy distribution. Once this 
is known, it is an easy matter to convert the 
sensitivity curve it gives into terms of an 
equal energy spectrum by simple proportion. 

For example, if the response ratio of an 
emulsion to a given spectrum is blue: green: 
red = 2:3:5, and the energy is distri- 
buted in the test spectrum in the ratio blue : 
green : red =1:2:4, then the sensitivity 
to an equal energy spectrum would be in the 
ratio blue : green : red 



These figures show that although the test 
spectrum gives the sensitivity of the emulsion 
as being twice as great to red as to green, it is 
in fact slightly less in terms of an equal energy 
spectrum. R.B.M. 

See also: Colour; Light; Spectral sensitivity; Spectro- 
graphy. 

SPEED FLASH. Another name for electronic 
flash lighting; the duration of the flash is 
usually extremely short — often 1/1000 to 
1/10,000 second or even less — so this type 
of flash is particularly suitable for freezing the 
action of very fast-moving objects provided 
other lighting present is of a relatively low 
power to the flash. 

See also: Flash ( electronic ). 

SPEEDGUN. Popular name for a flash unit 
and mechanical synchronizer designed to give 
short instantaneous flash exposures by opening 
and closing the shutter during the period of 
peak brilliance of the flash bulb. 

This type of flash equipment has been almost 
completely superseded by internally synchron- 
ized shutters and by electronic flash lighting. 

Sec also: Flash equipment ; Flash synchronization. 

SPEED LAMP. Alternative name (current 
mostly in America) for an electronic flash lamp, 
which is very useful in photographing fast 
action. 

See also: Flash ( electronic ). 
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SPEED MIDGET (S.M.). Type of flash bulb 
containing an explosive paste (e.g., zirconium 
hydride) the combustion of which provides the 
light. These bulbs have no metal wire filling; 
they are fired in the usual way by a metal fila- 
ment heated by the current from a battery. 


Speed Midget bulbs are characterized by a 
short firing delay and flash duration (both of 
the order of 5-10 milliseconds). They are 
specially suitable for use with shutters having 
simple X or F-synchronization, as fitted to 
inexpensive amateurcameras. 


SPEED OF SENSITIZED MATERIALS 


The speed of a sensitized material is an 
expression of its sensitivity to light. 

The speed is measured by giving samples of 
the material a range of exposures under stan- 
dard conditions of illumination. The amount of 
blackening produced after carefully controlled 
development is measured and plotted (usually 
logarithmically) against the exposure. The 
speed of the material and much other informa- 
tion can be derived from the resulting graph, 
which is known as the characteristic curve. 
Speed Figures. The data obtained from the 
characteristic curve have to be translated into 
a speed figure to state the speed of the material 
tested. This is done by means of a speed for- 
mula, which defines the speed as a function of 
the exposure at a specific point of the charac- 
teristic curve. The choice of such a point has 
been the subject of a great deal of argument in 
the past, since various speed systems used to 
base their criterion on what were to some 
extent arbitrary considerations. 

The aim has been to define for any one 
photographic material a suitable point on 
the characteristic curve at which the exposure 
has a constant relationship to the camera 
exposure required to produce a satisfactory 
negative. 

Arithmetic and Logarithmic Speeds. Once a 
point has been chosen on the characteristic 
curve for speed determination, there are two 
basic ways of stating the speed. In other words 
there are two kinds of speed formula. 

The simplest type of formula is: 

Speed = Constant/Exposure 

The exposure is in this case the sensitometric 
exposure (time x light intensity) correspond- 
ing to the selected reference point on the 
characteristic curve. Such a speed figure is 
known as an arithmetic speed, because it is 
inversely proportional to the exposure. Thus 
under a given set of circumstances, a material 
of twice the speed of another material needs 
half the exposure of the latter to produce the 
same image density. 

The constant in the speed formula is an 
arbitrary one, chosen to yield speed figures 
that are convenient to handle. The most 
straightforward speed formula uses a constant 
of 1, with the exposure measured in metre- 
candle-seconds. 

An alternative kind of speed formula yields 
so-called logarithmic speeds: 


Speed = C — K x log exposure 

The speed figures in this case are charac- 
terized by the sign ° (degrees) to distinguish 
them from arithmetic speeds. 

The constants again serve to make the speed 
figures easy to handle. Usually K is made 
equal to 10, to yield suitable intervals of single 
degrees. A ten-fold increase in speed therefore 
corresponds to an increase of 10°, or a 
doubling of the speed to approximately 3°. The 
second constant C simply is made large enough 
to keep the speed degrees positive. 

The logarithmic system yields a more com- 
pact range of figures. A scale of logarithmic 
degrees from 0 to 30° corresponds to an 
arithmetic speed from 1 to 1,000. Further, since 
characteristic curves are plotted logarithmically, 
curve displacements immediately show the 
speed difference in logarithmic units. 

Speed Systems. In their efforts to provide a 
useful speed system, early photographic scien- 
tists employed a number of criteria for deter- 
mining a suitable reference point on the charac- 
teristic curve. The most obvious ones were 
based on minimum exposures to produce a 
threshold density or a minimum density above 
a specified fog level. Others were based on the 
inertia point, on practical comparative speed 
tests, and on the minimum exposure needed 
for a negative that will yield a good print. 
Scfaeiner Speed. One of the earliest methods was 
originated by Professor Julius Scheiner. This 
criterion is based on the exposure necessary to 
produce a just visible density above fog. 

The speed formula of Scheiner speeds is: 

°Sch. = C — 10 log exposure 

Modem high-speed negative materials are 
reckoned to have European Scheiner ratings 
between 30° and 38°, colour films between 
22° and 34°. 

Although this system has been used for many 
years it is not the final answer. Its principal 
defect is that it tends to give misleading 
exposure recommendations when the charac- 
teristic curve of the material has an abnormally 
extended toe. This raises appreciable difficulties 
in defining a just visible density. A further 
drawback is the fact that Professor Scheiner’s 
original specifications for making the sensito- 
metric tests are obsolete, and were based on the 
use of virtually colour-blind emulsions. The 
adoption, in the early days of photography, 
of the Scheiner criterion on the Continent 
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caused what has become known as the “Scheiner 
inflation". This led to a continuous increase in 
published speed figures without any real 
increase in sensitivity. 

A number of different Scheiner scales were 
in existence, differing only in the value of the 
constant C in the speed formula. The best 
known was the European Scheiner speed ; 
American Scheiner degrees are about 5° lower. 
So-called Weston Scheiner degrees are similar 
numerically to American Scheiner. but are in 
fact based on Weston speed. 

H. & D. Speed. This system was introduced by 
Hurter and Driffield and utilizes the inertia of 
the characteristic curve given by the exposure 
at a point where an extension of the straight- 
line portion of the characteristic curve cuts 
the exposure axis. The speed formula is: 

Speed = 34/exposure 

where the exposure is the value in metre- 
candle-seconds at the inertia point of the 
material. The speed figures are thus arithmetic. 

H. & D. speeds are now virtually obsolete 
(except in photomechanical applications), 
partly because modern materials and developers 
do not behave in the same way with respect to 
inertia points as the plates used by Hurter 
and Driffield. 

DIN Speed. German DIN recommends as 
a speed criterion the exposure necessary to pro- 
duce a density of 0 • 1 above f og. 

The speed formula used is logarithmic: 

Speed = C — log exposure 
This gave decimal numbers for the speed 
figures, which were therefore expressed as 
fractions of 10. A speed of 1-3 was written as 
13/10° DIN. TheconstantC was chosen so as to 
give a speed number in the numerator of the 
fraction about 10° lower than the current 
Scheiner figures. 



H. & D. SPEED CRITERION. Characteristic curves are drawn 
fora range of development times in a bromide-free developer, 
and the inertia point determined where the straight-line 
portions cut the exposure axis. 
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B.S.I. AND A.S.A. SPEEDS. The slope of the curve at M is 0.3 
times the slope MA, where BC is equal to a log exposure range 
of 1*5 M is then the A.S.A. and B.S.I. speed point. 

The DIN system was the first attempt at 
large-scale standardization of a speed criterion, 
and is widely used in Germany and on the 
European Continent. It had, however one 
drawback which prevented international adop- 
tion: the standard specified a development 
method to bring out the maximum possible 
film speed. This does not correspond to general 
photographic practice, and the original DIN 
speeds do not therefore indicate truly how the 
materials behave in normal use. 

In 1958 the DIN standard was revised to 
meet these objections, by specifying a more 
normal development procedure. The constant 
C was changed to give numerically similar 
DIN speeds under the new conditions to the 
original DIN degrees. At the same time the 
/10° suffix was dropped, and DIN speeds are 
now expressed as simple degrees, e.g. 1 5° DIN. 

Current high to ultra-high speed taking 
materials have DIN ratings of 20° to 29°; 
colour films 10° to 23° DIN. 

Weston, and Other Meter Speeds. To provide 
reliable speed figures for use with certain 
makes of exposure meters, some meter manu- 
facturers concerned issued their own film speed 
system. This was based not on any sensito- 
metric calculations, but on practical tests 
and experiments. 

The best known of the meter speed systems 
is the Weston scale which provides arithmetic 
numbers. Logarithmic Weston speeds (also 
known as Weston Scheiner) can be obtained 
for certain purposes by the formula: 

Log Speed = 10 log Weston + 9 

Current Weston speeds have been adjusted 
to be numerically virtually the same as A.S.A. 
arithmetical index numbers. 

A number of other meter speed systems have 
been published, either numerically similar to 
Weston speeds, or utilizing lettered speed 
groups, etc. The majority of these were dropped 




SPE 


on the introduction of the B.S. and A.S.A. 
exposure index numbers (see below). 

B.S.I. (A.S.A.) Index. Modem tendency is to 
base the speed criterion on the minimum expo- 
sure necessary to give either an acceptable or 
an excellent print. Jones and Nelson have 
correlated various speed criteria with the 
minimum exposure necessary to produce 
excellent prints as judged by a large number 
of observers. They found that the best correla- 
tion was given by a criterion which defined 
the speed by the exposure necessary to reach 
a point on the characteristic curve where 
the slope was 0-3 of the average gradient of the 
characteristic curve between that point and a 
point where the corresponding exposure was 
thirty times as great. The 0-3 criterion where 
G (gee-bar) stands for average gradient, has 
been adopted by both the American and British 
Standard organizations. 

A speed figure or exposure index for a 
sensitive material must be quoted before it can 
be used in conjunction with an exposure table 
or meter. Two types of speed figures have 
been standardized by the American (A.S.A. 
Z 38.2.1-1947) and British (B.S. 1380-1948) 
Standard organizations. 

(1) The speed of a material is defined as 1/E, 
where E is the exposure measured in metre- 
candle-seconds (mcs), to reach the speed cri- 
terion. Speed figures carry the prefix “0”: 
speed 500 = 0500. The Exposure Index is 
one-quarter of the speed and is the number 
recommended for use with exposure aids (125). 

(2) The other type of speed figure is the 
logarithmic exposure index, which is charac- 
terized by the ° sign (degree) and which is given 
by the formula 5-10 log E. In the above 
example, the speed would be 32°. 

Arithmetic and logarithmic exposure index 
numbers are interconvertible by the equation : 
Log Index =11 + 10 log (Arith Index) 

In general, America prefers the arithmetic 
index and Britain the logarithmic scale. 

The method of development for the speed 
determination is strictly specified to ensure 
reproducibility and corresponds to the pro- 
cessing that a black-and-white negative film 
would get in normal practice. 

The B.S. and A.S.A. speed criterion is there- 
fore only applicable to general purpose black- 
and-white negative materials; it covers neither 
special emulsions for radiography, process 
work, etc., nor reversal or colour films. Speed 
figures for these materials can only be quoted in 
terms of requiring the same exposure as a 
material of a given A.S.A. or B.S. index. 
Furthermore, the criterion only applies to 
daylight speeds and artificial light speeds must 
be quoted in a similar fashion by analogy. 
Conversion Tables. The various speed systems 
are not strictly comparable since they are all 
based on different properties of the charac- 
teristic curve. But the curves of modem photo- 


graphic materials are sufficiently similar to 
allow the figures to be compared approximately. 
The figures in the table below may be regarded 
as a rough and ready guide. 


COMPARISON OF SPEED SYSTEMS 


B.S.. 

A.S.A. 

Lagar. 

8.S., Scheiner 
A.S.A. 

Arithm. 

Weston 

(Old) 

DIN 

H. 4 0. 
British 

Relative 

exposure 

needed 

40° 

800 

41° 

640 

30° 

25,000 

1 

39° 

640 

40° 

500 

29° 

20,000 

1-3 

38° 

500 

39° 

400 

28° 

16,000 

1-6 

37° 

400 

38° 

320 

27° 

13,000 

2 

36° 

320 

37° 

250 

26° 

10,000 

2-5 

35° 

250 

36° 

200 

25° 

8,000 

3-2 

34° 

200 

35° 

160 

24° 

6.400 

4 

33° 

160 

34° 

125 

23° 

5,000 

5 

32° 

125 

33° 

100 

22° 

4,000 

6*3 

31° 

100 

32° 

80 

21° 

3,200 

8 

30° 

80 

31° 

64 

20° 

2,500 

10 

29° 

64 

30° 

48 

19° 

2.000 

13 

28° 

50 

29° 

40 

18° 

1,600 

16 

27° 

40 

28° 

32 

17® 

1,300 

20 

26° 

32 

27° 

24 

16® 

1,000 

25 

25° 

25 

26° 

20 

15® 

600 

32 

24° 

20 

25° 

16 

14° 

640 

40 

23" 

16 

24° 

12 

13° 

500 

50 

22° 

12 

23° 

10 

12° 

400 

63 

21° 

10 

22° 

8 

1 1° 

320 

80 

20° 

8 

2|° 

6 

10° 

250 

100 

19° 

6 

20° 

5 

9° 

200 

125 

18° 

5 

19° 

4 

8* 

160 

160 

17° 

4 

18° 

3 

7° 

125 

200 

16° 

3 

17° 

2-5 

6® 

100 

250 

15° 

2-5 

16° 

2 

5® 

75 

320 

14° 

2 

15° 

1*5 

4° 

60 

400 


Printing Materials. There is no standard 
method of testing or expressing the speed of 
papers and other printing materials. Generally 
there is no need for such speed ratings, because 
printing and enlarging exposures depend on 
the exposing light and other characteristics of 
the printing or enlarging set-up and are deter- 
mined by exposure tests. 

Some manufacturers give relative speeds of 
their different types of printing material. These 
are neither standardized nor consistent from 
one manufacturer to another, and do not com- 
pare with the speeds of different makes. They 
do, however, give a basis for exposure tests 
when changing from one type of paper to 
another with the same printing equipment. 
The following is a very approximate com- 
parison. 

COMPARATIVE SPEEDS OF PRINTING MATERIALS 


Material Relative 

speed 


Contact papers and contact lantern plates ... I 

Slow chlorobromide papers ... ... 10-20 

Fast chlorobromide papers and warm-tone 

lantern plates ... ... 50-100 

Bromide papers and bromide lantern plates, 

positive films ... 100-500 

(Hifh-speed pan film or plate ... around 100,000) 


W.F.B. & L.A.M. 

See a] so: Characteristic curve; Negative materials; 

Sensltometry. 

Books: Progress In Photography (2 vols.), ed. by D. A. 
Spencer (London); Sensltometry, by L. Lobcl and M. 
Dubois (London). 
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SPHERICAL ABERRATION. One of the 
aberrations of lenses. It causes general loss of 
sharpness in the image. In some cases it may be 
introduced intentionally, as is done with soft 
focus lenses. 

SPILL RINGS. Concentric rings of sheet metal 
mounted in front of narrow-angle lamp re- 
flectors to cut out the spreading direct rays of 
light from the light source. 

SPIRIT PHOTOGRAPHY. Spirit photo- 
graphy is claimed to have been accidentally 
discovered by William Mumler of Boston, 
Mass., in 1861. Mumler, it is said, focused the 
lens of his camera on a vacant chair with the 
object of taking a self-portrait. His story was 
that after uncapping the lens he immediately 
jumped into position on the chair and sat there 
for a few seconds. On developing the plate he 
found an additional image of a little girl 
sitting on his knee. Mumler claimed that he 
recognized this photograph as being that of a 
young relative who had died some twelve years 
previously. He continued his experiments and 
stated that the extra figures of his plates 
became so frequent as to be embarrassing. In 
this way Mumler became the first professional 
spirit photographer. 

Early Frauds. Mumler claimed that the extra 
figures were actual objective photographs of 
spirit forms present in the studio ; invisible to 
the naked eye but capable of being recorded by 
the camera. For a while, Mumler’s theory was 
accepted until it was found that photographs 
of living people appeared on bis plates. He was 
accused of fraud and died in poverty in 1884. 
His results show every evidence of having been 
produced by double exposure. 

Mumler was imitated by many others (usually 
professional photographers) both in this 
country and the U.S.A. Almost without 
exception, these self-styled spirit photographers 
were convicted of fraud. In many instances they 
actually confessed to trickery. In 1906, the 
London Dally Mail appointed a committee to 
investigate the claims in regard to spirit 
photography, but for lack of the human 
material with which to experiment the venture 
produced no results. 

The Crewe Circle. It was about this time (1908) 
that a group of spiritualists, who went by the 
name of the Crewe Circle, began to attract 
attention. These people conducted operations 
from a private house at Crewe. They claimed 
to be non-professional and had no fixed fees, 
but the sitters were expected to make a financial 
contribution towards “expenses”. This circle 
attracted world-wide attention and many 
investigators made the pilgrimage to the little 
house at Crewe. 

In actual fact, the Crewe circle was founded 
upon a Mr. William Hope who was undoubtedly 
a schizophrenic. On one side of his character 
was an alert, witty and patently honest North- 
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countryman, whilst on the other hand there was 
the bogus medium who used prayers and psalm- 
singing as a cloak for his fraudulent operations. 

Hope described his work as “psychic photo- 
graphy" and he and his followers maintained 
that the results produced were not actually 
photographs of spirits but were spirit-produced 
photographs. 

For the extraneous forms on these so-called 
psychic photographs they used the name of 
“extras”. 

By the simple method of employing several 
cameras simultaneously, independent investi- 
gators easily proved that there was no question 
of objective spirit forms since the “extra” 
appeared on one of the plates only — and that, 
the one under Hope’s control. 

The usual procedure was for a sitter to take 
along an unopened box of plates which he 
loaded in Hope’s darkroom. He then sat for 
Hope to take his portrait after which they 
both retired to the darkroom again to develop 
the plates. One of these usually showed an 
“extra”. In every observed instance where there 
was an “extra” on the plate Hope either 
handled, or could have handled, the plate 
before exposure. 

Although many of the sitters for whom 
“extras” appeared were unknown to Hope, it 
was significant that out of over a thousand 
cases investigated, where the extra was a 
recognizable likeness of someone known to the 
sitter, it was an exact copy of some existing 
photograph or illustration. 

At first Hope appears to have produced his 
“extras” by substituting his own doctored 
plates for the sitter’s. After he was caught at 
this he elaborated new methods. One of these 
appears to have involved the use of luminous 
paint. A positive transparency backed with 
calcium sulphide and pressed into contact with 
an unexposed plate will leave an “extra" nega- 
tive image in addition to anything else that may 
be recorded there before or after. 

Psychograpbs. Written messages obtained by 
the Crewe Circle on photographic plates held 
between the hands and not exposed in the 
camera were named “psychographs”. 

These psychographs were of somewhat rare 
occurrence and, apart from the actual hand- 
writing, they provided little of evidential value. 
Many of them were in Hope’s handwriting 
and contained grammatical and spelling mis- 
takes such as he was in the habit of making. 
Careful investigation proved that in no single 
instance had Hope produced a message in 
facsimile handwriting from persons with whom 
he had not corresponded during their lifetime. 

Examination showed that he had built up 
his psychographs by cutting out words and 
phrases from these letters and filling in the 
blanks in his own hand. There were obvious 
attempts to conceal the cut edges, and Hope’s 
own style was only too evident in the forged 
writing. 
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Hope's fraudulent methods were eventually 
confirmed by one of his greatest friends and 
supporters, and when he died in 1932 the Crewe 
Circle died with him. 

The late Sir Arthur Conan Doyle was a keen 
supporter of Hope and his works. It has now 
been proved that he and others of his time 
were sadly lacking in the critical faculty 
desirable for analysing the claims of such 
people as Hope. The truth is that Sir Arthur 
was so thoroughly honest himself that he 
could not believe it possible that trickery was 
rampant in what, to him, was a very sacred 
subject. 

Investigations. There have been many other 
variations on the above themes, but in every 
case impartial investigation has revealed evi- 
dence of substituted plates and double expo- 
sure. Examination of the wrappings of the 
plates taken to the seance by the sitter in many 
cases shows signs of opening and re-sealing. 
With one medium, the substituted “extra" 
bearing plates were found to have one rough- 
ened edge. This indicated the top of the plate 
so that it could be inserted in the dark slide 
the right way for the "extra" to appear upright 
with respect to the image of the sitter. 

Plates that have previously been exposed to 
give an "extra” can usually be detected by 
examining the margins; the clean rebate almost 
always has a doubled edge because the plate 
never lies in exactly the same position in the 
holder for the two exposures. 

Finally, the Society for Psychical Research 
have made it clear, in a report covering some 
hundreds of claims, that so far their investi- 
gators have never seen any alleged “spirit" 
photograph that could not have been produced 
by natural means. 

The publication of this report may explain 
why spirit photography has now gone out of 
fashion in Great Britain. Elsewhere, however, 
claims still continue to be made. F.B. 

See alio: Psychical research; Tricks and effects . 

SPLICING. Name given to the method used 
for joining lengths of cinematograph film. The 
object is to produce a join that will pass 
smoothly and unnoticed through the projector 
gate. 

Films may be spliced by hand or in a suitable 
splicer. 

Methods. There are three ways of splicing: 
the usual way is to cut the ends of the film 
square and join them by lapping one over the 
other; 16 mm. films are sometimes cut dia- 
gonally to give a long splice that does not 
weaken the film as much as the normal splice; 
the ends may be cut off square, butted to- 
gether, and joined by cementing a strip of 
black film across the emulsion-free side of the 
join. 

When the splice is made by lapping one end 
of the film over the other, the emulsion is first 
scraped away from the coated side of one end. 


The clear edge is then brushed over with film 
cement and the other end of the film is quickly 
brought into register and pressed down on it, 
uncoated side down. It is essential for the two 
lengths of film to be in line and for the sprocket 
holes to coincide. Negative films — subjected to 
less strain — normally have a narrower splice. 
Splicer. The lengths of film to be joined may be 
held in line with drawing pins. The operation 
can then be carried out by scraping off the 
emulsion with a razor blade, applying cement 
and pressing the ends together by hand. 

After some practice it is possible to turn out 
a good splice in this way in a minute or so, but 
where there is a lot of splicing to be done there 
is something to be said for using a special 
splicer. This consists of a bedplate with pegs for 
registering the sprocket holes. There are two 
hinged flaps which can be folded down on to the 
film when it is in position on the pegs. 

One piece of film is trimmed and held in 
position on the bed by one flap so that a narrow 
strip the width of the splice projects beyond the 
flap. The emulsion is scraped away from this 
strip with a safety razor blade, or a special 
scraper incorporated in the splicer. 

The other half of the film is placed on the 
open flap and trimmed square with the edge. 
A smear of cement is wiped over the prepared 
end of the first piece of film and the second is 
immediately pressed into contact with it, shiny 
side down, by folding down the open flap. A 



SPLICING CINE FILM. Top: Before joining, the film ends are 
trimmed together, and the emulsion scraped off one of them. 
This permits the film cement to weld the two strips together. 
Upper centre: Standard square splice. Lower centre: 
Diagonal splice. Bottom: Cross-section of two films joined 
together by a black patch of film. No scraping is necessary 
as only the shiny sides are in contact. 
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Acetone 

Ether 

Acetic tdd, glacial 


8 parts 
10 parts 
I part 



USING A SPUCER. Top left: Trim film end, place on left 
pins, emulsion up. Top right: Hold down film by cover plate 
and scrape emulsion off exposed strip, Bottom left: Place 
end of other film on upper registration pins, emulsion down, 
and trim flush with pressure plate. Apply cement to scraped 
portion. Bottom right: Lower the pressure plate, bringing 
the two films together, and clamp down. 

spring clip locks the second flap and keeps 
pressure on the splice until it is set. 

Film Cements. There are various proprietary 
film cements available. In all of them the action 
is the same; the cement softens the film base as 
soon as it is applied, and a few seconds later it is 
absorbed by the base. The two halves of the 
splice must be pressed together while the base 
is still in the soft condition. Properly applied, 
the cement will produce a splice stronger than 
the film. 

The basis of most cements for nitrate film is 
amyl acetate and for acetate film, acetic acid. 

A suitable formula for both nitrate and 
acetate films is: — 


To this is added about 1 part of 16 nun. film 
(with the emulsion removed) per 3-4 ounces 
(100 c.cm.) of solvent. More may be added to 
make a thicker cement. F.P. 

Book : Now to Edit, by H, Baddeley (London). 

SPOOL. Core or bobbin carrying the film in 
cameras and film projectors. There is a wide 
variety of shapes and sizes. 

Spools for Still Cameras. Spools for roll film 
cameras are standardized in size and thickness 
for the different film widths. Some spools have 
wooden cores with metal ends, but currently 
the tendency is to make the spools completely 
of metal or, in a few cases, plastic. 

The spool core carries a slit to take the end of 
the backing paper, while the spool ends con- 
tain keyed holes to engage the peg of the trans- 
port shaft in the camera. 

Spools of 35 mm. cameras usually form part 
of the film cassette, being contained inside a 
light-tight shell. There the spool itself is made 
of metal or plastic and fitted with a knob at one 
end which protrudes from the cassette. The 
other end of the spool has a hole with a suit- 
able fitting inside to engage the shaft of the 
rewind knob. 

The core of a 35 mm. spool carries a slit or 
similar device to anchor the end of the film. 
Spools for Cine Cameras and Projectors. The 
film for 8 and 16 mm. cameras (other than 
magazine loading types) is sold on 25, 50, or 
100 feet spools. These again consist of a metal 
core and flat disc-type metal ends. The latter 
are considerably larger than the core to hold 
the greater lengths of film involved. 

Projector spools take still greater lengths of 
film (some up to 2,000 feet) and the metal ends 
(or cheeks in this case )are usually only frames. 
They are made of metal (or sometimes plastic) 
and often carry a gauge for estimating the 
amount of film wound up by measuring the 
thickness from the core outwards. 

See also : Cassette; Cinematography; Film transport; Sizes 
and packings. 


SPORT 


Taking photographs at sporting and athletic 
events of any kind usually means taking 
pictures of action so that movement does not 
show in the final print. The principal attrac- 
tion about this branch of photography is 
that it can present a sharp and permanent 
picture of a split second of exciting movement 
which the eye normally misses or sees as a 
fleeting blur. 

Movement can be arrested in this way by the 
use of a shutter speed so short that the amount 
of blur caused is too small for the eye to detect. 


EQUIPMENT AND TECHNIQUE 

The equipment need for sports photography 
will depend on the type of sport photographed, 
although simple equipment is satisfactory in 
many cases. But whatever the equipment, the 
technique must be studied carefully. 

Camera. Any camera — even a simple box — will 
turn out satisfactory sports pictures so long as 
it is used intelligently within its own limitations. 
Pictures of the instant before the start of a 
sprint race, or long-distance views of a football 


1098 





SPO 


match, are well within the scope of the box 
camera, but close shots of the runners in 
motion or of a scrimmage in the goal mouth 
call for a camera with a very much better lens 
and shutter than are found on a cheap camera. 

The two cameras most used for outdoor 
sports pictures are the press and the 35 mm. 
Newspaper cameramen tend to prefer the press 
camera because they find the relatively large 
plates easier to process and print quickly than 
the 35 mm. film, and in any case they rarely 
need to make more than a dozen exposures at a 
session. 

35 mm. cameras are used more for occasions 
when the full load of 36 exposures is likely to 
be needed and where more time can be given to 
processing the negatives— e.g., when making 
pictures for weekly or monthly publications. 

A camera for serious sports photography 
must have a shutter with a maximum speed of 
at least 1 /500 second. 

Lens. A long-focus lens — or even a telephoto — 
has distinct advantages for certain sports, but 
it is generally better to work with a normal 
angle lens close to the subject wherever this is 
possible. The telephoto lens gives the subject a 
flat, unpleasing perspective and tends to dwarf 
the subject against its background. But for 
subjects like the Boat Race, batsmen in action, 
and aquatic sports, a telephoto lens is essential. 

No matter what type of lens is used it must 
have an aperture of f 4'5 or larger so that really 
fast shutter speeds may be used even in poor 
light. 

Viewfinder. An open frame or wire viewfinder 
is best for sports photography. This type gives 
a direct view of the subject as a whole with the 
part included within the picture area clearly 
marked by the finder frame. The view in the 
normal direct vision optical finder does not 
extend beyond the picture area and this makes 
it difficult to find a fast moving subject. 



IRREGULAR MOTION. The legs and arms of a jumper need a 
high shutter speed, though his body will come out sharp at a 
slower speed. The whole of him is practically motionless for 
an instant at the top of thejumf^—the dead point. 


The Albada type of direct vision optical 
finder is excellent for sports photography as it 
combines the compactness of the optical finder 
with an open-frame view of the subject. 

Waist-level reflex viewfinders and focusing 
screens are unsuitable because they reverse 
the image from right to left and the camera has 
to be swung in the opposite direction to the 
movement of the image — an action that calls 
f or considerable practice. 

A number of reflex cameras have eye-level 
reflex finders with a penta prism or similar 
optical system. This shows an upright and 
right-way-round image, and does not suffer 
from the drawback mentioned. 

Filters. Filters are not much used in sports 
photography because they demand an increase 
in exposure — i.e., either a slower shutter speed 
or a wider lens aperture, both undesirable. But 
a pale yellow filter is sometimes useful for 
giving some tone to the sky when it forms the 
background to a low angle shot. 

Sensitized Materials. It is almost always 
advisable to use the fastest available panchro- 
matic material because, in this class of photo- 
graphy, speed is more important than any- 
thing else. 

Exposure. The exposure is dictated by the 
strength of the light as in any other kind of 
photography, but the shutter speed that must 
be used to arrest the movement of the subject 
depends upon how far the subject is from the 
camera and its speed and direction of move- 
ment. This in turn limits the smallest lens 
aperture that can be used, and hence the 
maximum depth of field at the photographer's 
disposal. 

Lighting. Most sports photography is carried 
on in daylight. But there are some sporting 
events — e.g., boxing, fencing, wrestling — which 
take place indoors. For these sports synchron- 
ized flash lighting — either flash bulb or 
electronic flash — is used where permitted, 
otherwise the photographer has to make the 
best of the existing artificial lighting. 

NOTES ON TAKING 

The technique for photographing sports 
varies. The following summarizes the points to 
watch in most sports. 

Association FootbaU. The best position is on 
one of the goal lines, using shutter speeds up to 
1/1000 second. Alternatively, shoot from 
among thfe spectators, about 20 yards from the 
corner flag, looking into the goal mouth. Use a 
long focus lens except in the goal area. 
Badminton. The best position is at either end of 
the net, covering both courts. Use a normal 
angle lens, synchro flash lighting with shutter 
speeds of at least 1 /500 second. 

H illiar d* and Snooker. The best position is at 
the top end of the table. A lens of/1'5, or /20. 
will take pictures at 1/10 to 1/25 second by 
normal table lighting; otherwise use flash and a 
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small aperture to give maximum depth of field. 
There is no point in exposing during the 
action; slow shutter speeds at static moments in 
the game are quite suitable. 

Bowls. Needs only normal technique with 
practically any type of camera. The light is 
usually good and movement never very fast. 
Speeds of 1/25 to 1 /100 second are f ast enough. 
Boxing. The best positions are at the ringside, 
so that the camera can shoot through the ropes, 
or in the gallery with a long focus lens. A wide 
aperture lens is needed to keep shutter speeds 
down to 1/300 to 1/500 second by normal ring 
lighting (Rash is not normally permitted during 
a bout but may be used before and after). 
Cricket. The best position is somewhere above 
ground level, so that the camera looks down on 
the players against a background of the pitch. 
A long focuslens is essential. Theshutterspeeds 
for players in action — up to 1/500 second. 
Curling. This is very similar to bowls, but 
played on ice. The movements of players are 
also similar and the same technique can there- 
fore be used. Shutter speeds of 1/50 to 1/100 
second are normally suitable. 

Diving. The best position is one where the sun 
is behind or to the side of the camera and where 
divers can be caught against the sky. Use a 
normal angle lens and a yellow filter. At the 
peak of a dive, a shutter speed of 1/100 second 
is sufficient; otherwise 1/250 to 1/500 second. 
Fencing. It is possible to work with slow shutter 
speeds provided the right moment is chosen 
for the exposure. Concentrate on one con- 
testant and catch the various stances or try 
to get both from an elevated viewpoint. The 
light is often poor, so flash may be necessary. 
For dead points in the action, use a shutter 
speed of 1/50 second, varying up to 1/500 
second for fast action. 

Field Events. Pictures of jumping, vaulting, 
throwing the javelin, discus, etc., call more for 
accurate timing than special equipment. In 
good weather, most events can be handled with 
a shutter speed of 1/100 second. Fairly close 
positions are best where a normal angle lens 
will give a reasonable size of the image. 

Foot Races. The best position, if it can be 
obtained, is where there is a high oblique or 
head-on view of the sprinters approaching the 
tape. The shutter speed must be fast enough to 
arrest the movement of limbs — e.g., up to 
1 / 1000 second during sprints. 

Golf. Players object to the click of the shutter 
while concentrating on a stroke, so expose 
after. Otherwise use normal equipment and 
technique. Shutter speeds for players in action 
— up to 1/250 second. 

Greyhound Racing. The best position is near 
the track, but as a rule there is no alternative to 
working from among the spectators with a long 
focus lens. The lighting of tracks after dark is 
too dim for high speed photography and flash 
is not permitted. Action shots of dogs call for 
speeds up to 1/1000 second. 


Hockey. The best position is in range of the 
“striking circle.” Fast movement of sticks and 
ball need shutter speeds up to 1/500 second. 
Horse Racing. The best position is at start and 
finishing lines, and on the course with a view of 
a comer where horses will bunch together. 
Pictures in the paddock are also worth going 
after. Shutter speeds — up to 1/250 second in the 
paddock and 1/500 during a race. Use normal 
and long focus lenses and fastest pan film. 

Ice Hockey. The best positions are above 
ground level — at either end of the gallery, mid- 
way between goal and comer. Lighting is best 
in the smaller rinks where roof and lights are 
lower. Use normal or long focus lenses. 
Shutter speeds of 1/150 second can be used at 
fl with fastest pan films. 

Lawn Tennis. The best positions are at the 
centre of the side or at the end. Doubles are 
best photographed from a stand or other 
elevation. The best method is to set the focusing 
for one particular zone and shoot when action 
comes into it. Use a normal focus lens and fast 
films. Shutter speeds should be 1 /500 to 
1/1000 second. 

Motor Racing. The best position is a high view- 
point looking down on the width of the track. 
When shooting from the side, the background 
should be plain and clear of spectators. Try to 
include more than one car in each shot. Use a 
normal angle lens. Shutter speeds — 1/250 to 
1/500 second. 

Rowing. The best position is on the river bank 
as close to the boats as possible, or shooting at 
an oblique angle from a bridge (but not a plan 
view). The peaks of movement are as the oars 
enter and leave the water. Use a normal focus 
lens with fast film. Shutter speeds — 1/250 to 
1/500 second. 

Rugby. The best positions are along the side- 
lines as there is not the same interest in the goal 
as in Association Football. The greatest 
interest lies in shots taken with the camera set 
at medium zone focus; then wait until action 
takes place in the zone. Close range shots 
need 1/500 second and distant general views 
1/1000 second. 

Skating. The best position for races out of 
doors is on the inside of the track where skaters 
can be taken head-on, the camera being pre- 
focused on a particular spot and the exposure 
made as skaters reach it. Indoor shots of figure 
skating should be taken from a position 
dictated by placing of the spotlights — prefer- 
ably after a preview to decide the when and 
where. Shutter speeds should be 1 / 250 second 
and, for races, up to 1 /500 second. 

Ski-ing. The best position is often where skiers 
appear against the light — preferably about 20 
feet below a turn, to catch the snow with back 
lighting. Jumps are best shot from the side and 
about 20 feet below the take-off. Shutter 
speeds — up to 1/500 second. 

Speedway Racing. The best position is looking 
obliquely at the first bend. Beware of flying 
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cinders as riders draw level. Shutter speeds — 
1/250 to 1/500 second. 

Steeplechasing. The best position is in front or 
at the side of the jump, preferably “open ditch” 
and water jump. Use a low shooting angle. 
Shutter speeds — 1 / 250 to 1 /500 second. 
Swimming Races. The best position is at the 
start to catch the swimmers diving into the 
water; elsewhere there is little interest. Photo- 
graphs of water sports are often improved by 
the use of a polarizing screen, which cuts out a 
lot of the distracting reflections from the sur- 
face of the water, though this also destroys 
atmosphere. For actual swimming, shutter 
speeds up to 1 /250 second should be used; for 
the start of the race, use 1 /500 second. 

Table Tennis. The best position for taking 
doubles is a high viewpoint to prevent one 
player masking the other. Singles may be taken 
from a lower viewpoint, concentrating on one 
player. Practically the only way of making 


action shots is to use synchronized speed flash 
with the lens stopped down to /8 to give the 
necessary depth of field. 

Wrestling. As for boxing, except that the action 
is slower and shutter speeds of 1/100 to 1/150 
second at /2 can be used with the existing 
lighting. 

Yachting. Normal technique and equipment are 
all that is needed. As the light is usually very 
good, a medium speed film with its finer grain 
can be used with a filter to make the white sails 
stand out against the sky. Shutter speeds of 
1/100 to 1/200 secondare fast enough for most 
subjects. L.V. 

See also: Flash ( electronic ); Flash technique; Horses; 
Ice Rink; Marine photography; Motor racing; Movement; 
Underwater photography; Winter sports. 

Books: All About Motoring, by I. Pearce (London); All 
About Photographing Horses and Riders , by P. Heath 
(London); All About Sports and Games, by L. Vining 
(London); All About Taking Action, by A. Strasser 
(London); All About Winter Sports, by H. Wolff(London). 


SPOTLIGHT. A spotlight combines a com- 
pact source lamp, a reflector, and a lens, in a 
single unit. It is designed to give a uniform light 
that can be varied at will from a narrow, 
sharply defined beam to a broad diverging 
cone. 

The concentration of the beam is varied by 
moving the lamp and reflector together to- 
wards or away from the lens. In all such 
arrangements the lamp is fixed at the focus of 
the reflector and the two are subsequently 
adjusted as a single unit. 

The duty of the reflector in this combina- 
tion is to reflect the rays of light back through 
the plane of the lamp filament. By doing this 
it enables both the glowing filament and its 
reflection to be focused at the same time by the 
lens. So the arrangement always consists of a 
spherical mirror with the lamp filament at its 
focal point — i.e., at the centre of curvature of 
the mirror. 

The focal length of the lens in a spotlight is 
kept short so that the lamp works close to the 
lens and throws the maximum amount of direct 
light on to it. An ordinary type of lens with a 
suitably short focal length would be unduly 
thick and heavy, so a special optical arrange- 
ment known as a Fresnel lens is used instead. 

The back of the lens is flat, and the front, 
instead of being a continuous curve, is built 
up in concentric rings, each being a section of 
a curved surface. The final effect gives a field 
of illumination that is actually more evenly 
distributed than the field of the equivalent, 
but much heavier, plano-convex lens of the same 
focal length. 

A Fresnel lens is relatively easy to correct 
for optical aberrations and it withstands heat 
better than a “solid” lens, since the reduced 
thickness at all points is less likely to set up 
strains. 





SPOTLIGHT SYSTEMS. Upper (roup: When o lamp is placed 
at a distance from a condenser equal to Its focal length, the 
beam Is substantially parallel (actually slightly divergent 
because df the finite size of the source). V/hen the lamp is 
brought nearer to the condenser, the beam diverges, and when 
It Is moved away from the condenser, the beam converges. 
Lower group: For a given diameter, a short focus condenser 
takes In a greater angle of light from the lamp, and therefore 
fa more efficient than one of longer focal length. 
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SPOTLIGHT EFFICIENCY. Intensity across illuminated field of 
a Fresnel spotlight with various lamp positions. A. lamp back 
from condenser (sf>ot position). B, mid-way position. C, lamp 
near condenser for full flood effect. The centre line of the graph 
represents a position in front of the lamp. 

Spotlights are designed for use with projec- 
tion-type filament lamps, carbon arcs, and high 
pressure mercury vapour lamps. 

The front of the spotlight generally carries a 
pair of guides to take such accessories as 
colour and diffusion screens and cut-out metal 
masks which can be focused by a separate 
lens mounted in front to project a sharp-edged 
area of light. 

Beam restricting devices — e g., snoots and 
bam doors — may also be attached to the front 
of a spotlight where the spot must be confined 
to a particular area of the subject. 

See also; Lighting equipment; Projection principles. 

Book: Photographic Illumination, by R. H. Cricks 
(London). 

SPOTS. Black or white spots due to faulty 
processing attract attention out of all propor- 
tion to their size and should never be allowed to 
appear on a finished print. 

The spots may come from the negative or they 
may be only on the print. They may be either 
dark spots on a light area, or light spots on a 
dark area. They are best avoided by careful 
technique, but once they are there, they can be 
removed — or at least rendered unobtrusive — 
by any of the normal techniques of spotting or 
retouching. 

Spots on the Negative. Dark spots on the 
negative (which produce light spots on the 
print), may be caused by particles of dust or 
solid matter picked up during processing, or 
they may be specks of developed silver or 
chemical impurity. 

Loose dust particles should always be wiped 
off the back and front of the negative imme- 
diately before printing. One gentle wipe is all 
that should be given; rubbing builds up static 
and makes the dust cling tighter (unless an 
anti-static brush is used). 

Specks of developed silver in the emulsion 
mean that pin-points of light have leaked 
through to the material either through a 


punctured blind (in a focal plane shutter) or a 
defective dark slide in a plate holder. 

Dark spots on the negative, of course, leave 
light patches on the print. 

Occasionally, air bubbles or particles of dust 
cling to the surface of the emulsion in the 
fixing bath. These may prevent the emulsion 
from fixing, and subsequently the undissolved 
silver bromide turns dark or black on exposure 
to light. 

The commonest cause of light spots on the 
negative is the air bubbles that cling to the 
surface of the emulsion during development. 
At this stage the bubbles prevent the developer 
from acting on the emulsion and when the 
undeveloped silver bromide is removed during 
fixing, it leaves a clear patch. 

The remedy is either to brush the surface of 
the emulsion lightly as soon as it is under the 
developer, or to agitate the solution well. A 
few drops of wetting agent in the developer will 
greatly reduce the tendency of bubbles to form. 

Light spots on the negative may also be 
caused by dust on the plate at the time of 
exposure. The particles shield the sensitive 
surface from the action of light and leave a 
clear spot of unexposed emulsion on develop- 
ment. They may also be formed when specks 
of active chemical fall on the surface of the 
emulsion when it is left to dry. Certain 
chemicals — e.g., acid fixer — will bleach out the 
silver image and leave a clear patch. The 
remedy is scrupulous care in handling chemicals 
in the darkroom, and the frequent use of a 
vacuum cleaner throughout the room. 

Light spots can also be the result of physical 
damage from such causes as particles of grit 
in the washing water, and contact with the 
comer of another plate or with the curled-back 
end of a length of film. The trouble can be 
avoided by care in handling the material 
during processing — particularly when deve- 
loping more than one plate at a time, or when 
developing a roll film by the see-saw method. 

Clear spots on the negative make black spots 
on the print. 

Spots on the Print. Here also the spots may 
be lighter or darker than the surrounding image. 
Most of the causes of spots on negatives apply 
equally to prints. 

Those light spots on the print which are not 
the result of dark spots on the negative, may 
be caused by dust particles on the glass surfaces 
of a negative earner, paper holder, or printing 
frame. Matters are not always improved by 
using glassless carriers, because the dust can 
just as easily cling to the surface of the negative 
or paper. 

Light spots on the print are fairly easy to 
deal with by spotting them out with dye or 
pigment. Dark spots, however, have to be 
removed by either bleaching or knifing which 
are more difficult techniques. For this reason 
it is always better to cover a clear spot on the 
negative with a spot of dye or pigment even 
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if in the process the spot is enlarged. It will 
then print out as a light spot which is com- 
paratively easy to get rid of. F.P. 

See also: Dust; Faults. 

Book: Retouching, by O. R. Croy (London). 


SPOTTING. Technique of filling in pinholes 
on the negative or white spots on the print with 
an opaque medium. 

The term is also applied to marking lantern 
slides with white paper spots. This is done to 
indicate the correct way round for loading 
slides into a projector. 

See also: Retouching; Spots. 

SPROCKET HOLES. Regular perforations 
made along one or both edges or down the 
middle of a cinematograph or still camera film 
so that it can be advanced from frame to frame 
by the teeth of a sprocket or claw. 

See also : Cine films (substandard): Perforations. 


SPY CAMERA. Essentially a small camera 
disguised to look like something else so that it 
can be used for taking photographs without 
attracting attention. Cameras of this type 
began to appear soon after the invention of the 
dry plate about 1880 — they would have been 
impracticable with the earlier wet plate process. 

For many years designers exercised their 
imagination to cloak cameras in increasingly 
improbable disguises. There was one magazine 
camera, taking up to 24, 4 x 4 cm. plates, 
which was made to look like a book. The lens 
looked out of the spine of the book and the 
shutter was released by pulling a “bookmark”. 

Other cameras were built into top hats, field 
glass cases, and even ladies' handbags. A 
miniature camera, that looked like a watch 
when closed, had a body built up of concentric 
telescopic sleeves, like a collapsible drinking 
cup. Some spy cameras were concealed in 
articles of dress. There was a cravat camera, a 
midget that peeped through the button-hole 
of the jacket, and one that strapped around the 
waist and took photographs through a lens 
disguised as a waistcoat button. 

Most of these cameras used magazines of 
miniature plates, and incorporated ingenious 
(but rarely dependable) mechanisms for moving 
a fresh plate into position after exposure. Some 
types used miniature films — e.g., the walking 
stick handle camera, which used 16 mm. film 
and took 20 exposure 15 x 20 mm. 

The vogue for spy cameras was ended by the 
arrival of the precision miniature and sub- 
miniature instruments. These are small enough 
to conceal — often in the palm of the hand — 
and can be used so unobtrusively that there is 
no point in trying to disguise them. 

The last real “spy” camera was a post-war 
wrist-watch camera, a sub-miniature taking 
8 exposures on a circular fiat film through a 
12 mm. / 2-5 lens. 

See also : Camera history; Sub-mlnlature camera. 


SQUEEGEE. Device for pressing the water out 
of wet prints and squeezing them into contact 
with the glazing sheet. The simplest type of 
squeegee consists of a strip of rubber about i in. 
thick and 6 to 8 ins. long, mounted in a wooden 
holder. The most popular type consists of a 
rubber-faced roller running in plain or ball 
bearings in a frame fitted with a handle. An 
efficient squeegee is an essential in the carbro 
and a number of other control printing 
processes. 


STABILIZATION. Alternative process to 
normal fixing which may be used when prints 
are required in a hurry and absolute permanence 
is not essential. The unused silver halides are 
converted into more or less stable colourless 
compounds by the action of suitable agents. 
After stabilization, there is no need to wash the 
print. The process thus amounts to one of in- 
complete fixation. 

A 2-3 per cent solution of thioure acidified 
with a f ew drops of acetic acid will stabilize the 
emulsion in 2-3 minutes. The commonest 
stabilizing agent, however, is sodium thiosul- 
phate (hypo) itself. A print or negative im- 
mersed in the following solution is stabilized 
in 30 seconds; i.e., the silver thiosulphate 
complexes formed in that time are reasonably 
stable, though complete fixation would take 
longer. 


Sodium sulphite, 
anhydrous 
Sodium bisulphite 
Hypo 

Water to make 


265 {rains 
2 ounces 
4-24 ounces 
40 ounces 


15 i rams 
50 grams 
100-600 (rams 
1,000 ccm. 


A 5 per cent acid stop bath should be used 
after development and the stability of the print 
can be improved by a 10 seconds rinse in water 
or in a 5 per cent borax solution. 

See also: Rapid processing. 


STAGE PHOTOGRAPHY. Photographs of 
scenes from shows are regularly used by 
amateur and professional companies for 
publicity and front-of-the-house display. Many 
photographers concentrate on this type of work 
and take their pictures at special photo-call 
rehearsals. In addition, modem wide aperture 
lenses and high speed sensitized materials have 
made it possible for photographs to be taken 
from the auditorium during the actual per- 
formance. 

See also: Theatre. 


STAINED GLASS WINDOWS. The most 
suitable time for photographing stained glass 
windows is on a bright day when the sun is not 
shining directly into the glass; otherwise the 
result will be patchy with poor colour render- 
ing. Diffused lighting from a background of 
pale clouds picks out the pattern very effectively 
with an even tone range all over. 

Equipment. Often a memorial window is so 
awkwardly situated that it is not easy to 
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include it without tilting the camera, except 
when the latter has a generous rising front 
or swing back. For this reason, the most 
satisfactory apparatus, containing all the re- 
quisite movements, is the field or stand camera. 

A lens hood must be used to prevent stray 
light from the other windows reaching the 
lens, and a rigid tripod is also necessary for 
time exposures. As an additional precaution it 
is advisable to fit rubber feet to the tripod legs 
to provide a reliable grip on the smooth sur- 
face of stone church floors. A foundation of 
coconut matting would be an ideal substitute 
for rubber feet. 

The tripod must also have a strong ball and 
socket head for tilting the camera or levelling it 
when on an uneven surface. 

Medium speed panchromatic plates are best 
because they have a fine grain. They must, of 
course, have an anti-halation backing. The 
most satisfactory plate for these subjects is the 
double-coated type consisting of a fast emul- 
sion coated on a slow emulsion. These plates 
cope admirably with the high contrasts en- 
countered in the photography of interiors where 
windows appear in the picture. 

Exposure and Development A reliable meter is 
an advantage since the exposure may be any- 
thing from a fraction of a second to three or 
four minutes. The exact exposure time will 
depend upon the principal colours in the win- 
dow. The design containing a greater propor- 
tion of dark browns and deep blues, for 
example, is going to take a much longer time to 
register on the film than a window consisting 
mainly of weak colours. 

Stained glass windows can generally be well 
rendered by measuring or calculating the expo- 
sure necessary to photograph them from the 
outside, and giving from 6 to 10 times this 
exposure inside. This rather generous exposure 
followed by development curtailed one-third 
the normal time for general interiors, will give 
excellent negatives. 

Sometimes a subject is a combination of 
beautiful stonework and design in the glass. 
This calls for a particularly careful assessment 
of the exposure in order to secure details of 
both in one negative: the exposure must be 
long enough to record the stonework but not 
so long as to lose detail in the glass. 

If the subject is the whole of the church 
interior, it will be difficult to register detail in 
the building as well as the windows. An expo- 
sure calculated for the shadows will over- 
expose the windows. This problem may ' * 
solved by making two separate exposures 
the same plate; between these two exposures 
the camera must not be moved and the photo- 
grapher will need the complete co-operation of 
the custodians of the building. The first 
exposure is calculated for the window under 
suitable daylight conditions. The lens is then 
capped until after darkness when the second 
exposure is made by flashlight or by the normal 


illumination with which the building is pro- 
vided. 

Filters. The use of filters requires special care. 
To render the design of the glass in its correct 
colour values, a light-green filter will give good 
results. But occasionally it will be necessary to 
secure contrast too. If there is much red or 
green in the design a contrast filter which will 
darken one colour and lighten another may be 
helpful (e.g., a red filter would lighten the reds 
and darken the greens). T.P.F. 

See also: Negatives from colour slides; Paintings and 
drawings. 

STAINING DEVELOPER. Developer in 
which the oxidation products of the developing 
agent stain the gelatin. This occurs in particu- 
lar with developers incorporating pyrogallol or 
pyrocatechin, but not containing sufficient 
sodium sulphite to counteract the staining. 

The stain is put to practical use in certain 
maximum energy developers, notably pyro- 
metol, where it helps to provide an adequate 
printing density in the shadows of the negative. 
Since the stain also appears strongly in the 
highlights, the contrast of such negatives is 
greatly increased. The stain in this case is 
yellow and thus of comparatively high actinic, 
even if low visual, density. 

The production of a stain during develop- 
ment, which is proportional to the density of 
the developed silver image, was also the basis 
of the earliest colour development processes. 
R. Fischer in 1913 used a pyro developer to 
produce a yellow stain image, and indoxyl 
carboxylic acid and thioindoxyl carboxylic 
respectively for blue and red stain images. The 
effect of the modem colour coupling developers 
is similar, though the mechanism is different. 

STAINS. Photographic images may show a 
variety of stains which usually arise during 
processing and are due to unwanted side reac- 
tions in the developer and fixer solutions. 

Most stains are some kind of chemical fog 
caused by deposition of silver from the develo- 
per or fixer, oxidation products of the developer, 
or toning action in exhausted or too warm 
fixers. 

Other causes are insufficient rinsing be- 
tween development and fixing, prints sticking 
together in the fixing bath, premature exposure 
to white light before the process of develop- 
ment has stopped, and not enough attention 
to cleanliness in working. 

Stains may also arise during various toning 
operations, and are then usually due to in- 
complete fixing; traces of silver halide re- 
maining in the emulsion become toned in the 
same way as the image proper. 

A number of photographic chemicals — in 
particular such developers as pyro and amidol 
— will stain the fingers. But it is never necessary 
for the fingen to be immersed in such solutions ; 
there is scarcely any process that cannot be 
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carried out with dry hands from start to finish, 
simply by planning the routine to avoid wetting 
the fingers and by using tongs to handle the 
material being processed. Even so, many 
workers find it easier to use their fingers and 
put up with the staining. 

The staining effect of any solution can be 
minimized by dipping the fingers into clean 
water before putting them into the solution. 
This dilutes the chemical in contact with the 
skin and prevents it from penetrating in 
strength. 

Pyro and many other developers will not 
stain the fingers if, after coming into contact 
with the developer, they are rinsed, dipped for a 
second or two in an acid fixing bath, and then 
rinsed again and dried. This treatment will 
also remove permanganate stains. 

Most stains on the fingers disappear if they 
are rubbed with a crystal of citric acid or a slice 
of lemon. 

An alternative to some of the above methods 
is to wear rubber gloves. Barrier creams may 
also be effective. L.A.M. 

See also : Faults; Skin affections. 

STALE MATERIALS. When stored in dry, 
cool conditions, most sensitized materials will 
keep for years without suffering, but in a damp 
or warm place they tend to deteriorate. 

If materials have been badly stored, fog 
and mottle will generally result. However, it is 
possible to effect some remedy if this happens. 
The methods of restoring such materials 
described below must all be carried out in the 
darkroom by the appropriate safelight for the 
material concerned. 

Plates and Films. Negative materials that have 
deteriorated through being carelessly stored or 
which have been accidentally fogged — e.g., 
by being exposed to an unsafe light in the 
darkroom — may be treated so that they will 
once again yield a fog-free image. In the pro- 
cess, however, the sensitivity is reduced up to 
one-tenth of the original speed. 

The materials should be soaked for five 
minutes in either of the following baths : 


(1) Chromic acid 

60 grains 

3-5 grams 

Potassium bromide 

120 grains 

7 

grams 

Water to make 

20 ounces 

500 

c.cm. 

(2) Potassium bichromate 

70 grains 

4 

grams 

Hydrochloric acid 

i ounce 

12 

c.cm. 

Water to make 

20 ouncei 

500 

c.cm. 


After removal from the bath the material 
must be thoroughly washed and then left to 
dry in the dark. 

Fast and medium speed plates that have 
deteriorated or been accidentally fogged can 
be turned into excellent slow-speed trans- 
parency material by soaking for ten minutes 
or so in a bath prepared as follows : 

Potassium bromide I05frtlns 6 crams 

Potassium iodide 14 grains -75 grams 

Hot water, only sufficient to dissolve 


to this add the following: 

Hydrochloric acid | ounce 12 grams 

Potassium bichromate 105 grains 6 grams 

Water to make 20 ounces 500 c.cm. 

This converts the latent silver image into 
undevelopable silver halide again. 

After treatment, the plates are thoroughly 
washed and dried in the dark. The reduction in 
speed may be twenty times or more depending 
on the material; it can only be determined by 
experiment. 

Bromide Paper. If there is any reason to suspect 
that a package of paper has deteriorated in 
store, it is always worth trying the effect of 
one of the proprietary developer improvers 
before throwing the paper away. These addi- 
tives delay fog formation, improve the blacks 
and keep the whites clean. They will often give 
an image of acceptable quality from old paper 
that would otherwise give a grey and muddy 
print. 

If the paper has gone beyond this treatment, 
it will sometimes respond to a bath in a weak 
acidified solution of potassium perrhanganate, 
for example: 

Potassium permanganate 4 grains 0-2 grams 

Sulphuric acid, 10 per cent i ounce 12-5 c.cm. 
Water to make 20 ounces 500 c.cm. 

After soaking for a minute in this bath the 
paper is transferred to a clearing bath of 2 
per cent (anhydrous) sodium sulphite for a 
further minute. 

It may then be rinsed and exposed wet, or 
dried and used later. 

The same treatment will often save paper 
that has become fogged from any other 
cause. F.P. 

See also : Faults ; Fogging; Keeping qualities of materials. 

STAMPS. Postage stamps are often photo- 
graphed for record, comparison, catalogues, 
etc. The operation may call for specialized 
technical treatment of the stamps if results 
are to be acceptable. 

See also : Philately. 

STAND. Substantial and adjustable support 
for the studio type of camera; generally 
applied also to any type of camera support 
from an ordinary tripod to a heavy duty 
stand with full pan and tilt adjustments. 

See alio: Camera supports. 

STANDARD CANDLE. Used to be a candle 
manufactured to a standard specification 
(burning spermacetti wax at a rate of 120 
grains per hour). It has long been obsolete, but 
a candle power defined in terms of such a 
candle is used as the basic reference unit of 
intensity for all light measurements in photo- 
metry and sensitometry. 

See also : Light units. 
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STANDARDIZATION IN PHOTOGRAPHY 


The organized standardization of parts used 
and manufactured in industry was first intro- 
duced by Great Britain in 1901, and since then 
it has been adopted on an increasing scale all 
over the world. A great number of photo- 
graphic products, equipment and techniques 
have already been standardized, and new items 
are regularly added to the list. 

The principle of standardization, in general, 
involves the examination of the appropriate 
aspect of the material or article in question by 
representatives of the chief manufacturers and 
users or consumers concerned. In a particular 
case it may be only one aspect — e.g., dimen- 
sions, or purity of the product — that may be 
considered worthy of standardization. Even- 
tually a range of sizes or limits of composition, 
as the case may be, will be determined and 
circulated to or published for the use of, the 
appropriate section of the community. It will 
then be used as the basis of more compre- 
hensive specifications, for quoting for the 
design of simple elements of complex equip- 
ment, or perhaps merely as a basis for ordering 
and supplying the sizes or quantities of the 
subject of the standard. 

The main advantage of standardization is 
the economy of labour, plant and materials 
achieved in manufacture by reducing a wide 
variety of sizes or compositions of a product 
to the smallest number sufficient to cover all 
its applications. Standardization results in a 
simplification of stocks in the distributive 
channels and a lower price to the consumer. 
While manufacturer, designer and customer 
are all intended to treat such standards as a 
guide, they are always free to adopt their own 
individual standards except in special circum- 
stances where standards have statutory effect 
for reasons of public safety, health, etc. 
Authorities. In the United Kingdom the British 
Standards Institution is the authority on 
standardization, having been in existence for 
over fifty years. At the present time there are 
over 2,500 British Standards published, rang- 
ing from single- or two-page documents of a 
few simple requirements to technical specifi- 
cations with hundreds of pages of clauses, 
methods of test, formulae, diagrams and tables 
of data. All standards are kept under constant 
review so that amendments or revisions may 
be made to take into account the latest develop- 
ments in materials, design or manufacturing 
technique. 

International standards are co-ordinated by 
the International Organization for Standardiza- 
tion (I.S.O.) which was formed in 1946. This 
body holds meetings of its technical committees 
from time to time, in the world’s capitals and 
other big cities, and can be regarded in consti- 
tution and operation as a world-wide B.S.I., 
but with committee members representing 
national standardizing bodies. The outcome 


of these meetings comprises the issue of 
I.S.O. recommendations. 

The British Standards Institution is not a 
Government department; it is financed by 
subscriptions from industry and the Govern- 
ment and from the sale of its publications. 
Industry recognizes the benefits of standardiza- 
tion by freely providing the services of the 
thousands of technical experts who serve on 
the numerous B.S.I. committees. The Institu- 
tion provides the secretariat for the meetings 
and is responsible for producing the successive 
drafts and published British standards. 

The American counterpart of the B.S.I. is 
the American Standards Association, Inc. 
Founded in 1918, it is a federation of over a 
hundred trade associations, technical societies, 
professional groups and consumer organiz- 
ations. Over 2,000 companies are affiliated with 
the A.S.A. as company members. It describes 
itself as a clearing house for standards activity 
rather than an authority — it is an associa- 
tion, and not an institution. But if its constitu- 
tion is rather different from that of the B.S.I. 
it nevertheless fulfils the same functions with 
comparable effectiveness. 

Procedure. The preparation of a British Stan- 
dard starts with the request from a recognized 
body representing the manufacturers or the 
users — e.g., a trade association or a Govern- 
ment department. If the proposed standard is 
related to others already published, the matter 
is dealt with next by’ the existing standards 
committee for that particular section of the 
industry. Otherwise a special committee is 
constituted for the purpose, and the exact 
scope of the proposed standard is defined for 
the guidance of the technical committee or 
panel responsible for the detailed drafting. 

Eventually an agreed draft is circulated for 
the comments of all appropriate industrial 
organizations, professional institutions, Gov- 
ernment departments and kindred bodies 
in this country, who are not directly represented 
on the drafting committee (which must ob- 
viously be limited to a workable number), as 
well as to standardizing bodies throughout the 
Commonwealth. By this system the B.S.I 
ensures that the published standards are 
acceptable generally to the manufacturing and 
consuming interests concerned, even before 
publication. 

The A.S.A. similarly provides the machinery 
for creating voluntary standards, although 
unlike the B.S.I. its constitution enables it to 
take the initiative and agreement is reached as 
between members of a federation. Standards so 
produced are automatically regarded as nation- 
ally acceptable, and are designated “American 
Standard”. 

There are over 1,500 A.S.A. standards 
covering much the same fields as the B.S.I. 
Standards. In photography there are one or 
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IMPORTANT BRITISH PHOTOGRAPHIC STANDARDS 


B.S. No. Subject 


935. Photographic exposure tables. 

967. Identity photographs. 

1019. Photographic lenses. 

1112. Sizes of photographic paper for general use. 

1(53. Storage of microfilm. 

1166. Dimensions of roll films for service use. 

1 193. Sizei of sensitized materials for recording instru- 
ments. 

1302. Photographic masks for contact printing. 

1371. Microfilm, readers and reels. 

1378. Dishes for photographic processing. 

1 379. Bite of film clips. 

1380. Speed and exposure-index of photographic nega- 
tive material. 

1383. Photo-electric exposure meters. 

1384. Measurements of photographic transmission 
density. 

1406. Sizes of sensitized photographic plates. 

1437. Methods of determining filter factors of photo- 
graphic negative materials. 

1443. Sizes of X-ray film and intensifying screens. 

1487. Picture sizes and location of rear windows of film 
cameras. 

1491. Dimensions of amateur roll film, backing paper 
and film spools. 

1496. Photographic safelight screens and housings. 

1592. Camera shutters. 

1613. Resolving power of lenses for cameras and en- 
largers. 

1618. Camera lenses and lens attachments (dimensions 
and screw threads). 

1772. Sizes of photographic sheet film other than X-ray 
film. 

1879. Dimensions of 3S mm. film for miniature cameras. 

1896. Sizes of sensitized photographic papers and 
materials (excluding film) for document reproduc- 
tion. 

1915. Projectors for film strip and miniature lantern 
slides and optical lanterns. 

1917. Film strip and lantern slides. 

2030. Dimensions of X-ray films for cystallography. 

2476. Dimensions of photographic processing tanks. 

2585. Dimensions of dental X-ray films. 


two instances where nomenclature is stan- 
dardized, such as the parts of a lens. 

Scope. Photographic standards deal largely with 
sizes of sensitized material and related items 
such aS spools, masks and reels. There are also 
specifications dealing with qualitative aspects, 
such as speed, exposure indices and trans- 
mission density, performance requirements for 
components — e.g., resolving power of lenses — 
equipment for processing and accessories 
not directly connected with the sensitized 
materials. 

In many fields much of the current technical 
nomenclature is also standardized, but so far 
no attempt has been made to standardize photo- 
graphic terms and descriptions. 

Dimensional Standards. Dimensional stan- 
dardization is of greatest service in fields where 
small mass-produced items have to be fitted 
together before use by the general public. This 
nozssary interchangeability, if devised intelli- 
gently from the outset, can form an immense 
incentive to world-wide standardization, with 
consequent benefits to exporting producers. 
The problem can, however, lead to difficulties 
over tolerances which are necessary evils of 
production. 


A designer of a camera which is to use a film 
having dimensions already standardized must 
ensure that the camera will accept a fully- 
loaded standard spool made to the maximum 
dimensions as well as one made to the mini- 
mum dimensions. He must also be sure that 
the film window is positioned so that the 
numbers on the backing paper can be seen 
even when printed at their extreme standard 
limits. It would be a mistake to base the 
film and spool dimensions used for the camera 
design on any film or spool ready to hand. 
The result might easily be that a number of 
users of the camera would have difficulty in 
inserting a standard film. Troubles of this type 
are avoided by reference to basic standards for 
mating parts. 

Again, careful attention is required to that 


IMPORTANT AMERICAN PHOTOGRAPHIC 
STANDARDS 


A.S.A. No. Subject 


PH 1. 12-1953 Paper sheets, dimensions. 

PHI. 14-1953 35 mm. film magazines for still cameras. 

PH 1. 1 5-1953 X-ray sheet film dimensions (ins.). 

PH 1 . 16-1953 Graphic arts sheet film dimensions (Ins.). 

PH 1.18- 1 953 Professional portrait and commercial sheet 
film dimensions (ins.). 

Z38. 1.29-1949 Professional portrait and commercial sheet 
film dimensions (metric). 

Z38.I. t-1951 Film packs, dimensions. 

Z38. 1.7-1950 Amateur roll film, backing paper, and spool 
dimensions. 

Z38. 1 .38-195 1 Plates, dimensions (ins.). 

Z38.1 . 3 . - 1 944 Plates, d imensions (metric). 

Z38. 1.4 9-1951 35 mm. film for miniature cameras dimen- 
sions. 

Z38.3. I* 1 943 Definition of saf ety fif m. 

Z38.7.8-I947 Practice for microfilms. 

PH2.2- 1 953 Sensitometry and grading of papers. 
PH2.3-I953 Determining efficiency of illuminants. 

PH2.4-I953 Determining guide numbers for lamps. 

PH2.5-I954 Determiningspeedand exposure index. 
PH2.7-1955 Exposure computer. 

Z38.2. 6-1948 Photo-electric exposure meten. 

PH3. 2-1952 Focal-plane shutter performance. 
PH3.3-I952 Time markings for focal-plane shutters. 

PH3. 4-1952 Between-lens shutter performance. 

PH3.4-I952 Time markingsf or between-lens shutters. 
PH3.ICKI954 Lens threads. 

PH3.1 1-1953 35 mm. stereo picture dimensions. 

PH3. 12-1953 Threads for lens accessories. 

PH3. 14-1944 Lens mount dimensions. 

Z38.4.4-I942 Focal length marking. 

Z38.4.7-I950 Lens aperture markings. 

Z30.4.8-I95O Picture sizes for roll film cameras. 

Z38.4. 19-1948 Nomenclature of parts of objective lens. 
Z38.4.20-I948 Designating and measuring lens apertures, 
etc. 

Z38.4.2 1-1948 Designating and measuring lens focal 
lengths. 

Z38.7.5-I948 Testing printing and projection equipment. 
Z38.7.6-I950 Testing enlargers. 

Z38.7. 19-1950 Dimensions for lantern slides. 

PH4.3* 1 952 Specifications for photographic trays. 

PH4. 6-1953 Converting weights and measures for 

photographic use. 

Z38.8.9-I946 Accuracy of scales, graduates and thermo- 
meters. 

PH22. 1-1953 35 mm. motion-picture film dimensions. 

PH22.5-I953 16 mm. film dimensions. 

PH22. 17-1954 8 mm. film dimensions. 

PH22.39-I953 Screen brightness for 35 mm. motion 
pictures. 


Standards with the "Z” classification are progressively 
being transferred to the **PH” classification, and given 
**PH r ' numbers, as revisions occur. 
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in standardizing the dimensions of say article 
A, those of article B, which fits it, are not so 
altered that B will no longer fit C. Photo- 
graphically, the spool or reel must suit both its 
film and the camera or projector in which it is 
used, and any change in spool dimensions to 
suit the camera design must be considered in 
relation to its effect on film dimensions and 
vice versa. 

Dimensional British Standards are published 
for photographic paper, recording materials, 
ordinary sheet film and X-ray film, film strip 
and lantern slides, amateur (including 35 mm.) 
and service roll film and spools. Related acces- 
sories for which standards are issued include 
masks, dishes, film clips, safelight screens and 
other components dealt with in more compre- 
hensive specifications. 

Other Photographic Standards. Other standards 
of less immediate bearing on photographic 
products sold to the public apply to routine 
test and development work. (It is no less im- 
portant to secure uniformity between labora- 
tory testing methods than to make sure that all 
35 mm. film is correctly perforated.) Examples 
of such standards are those relating to speed 
and exposure indices, measurement of trans- 
mission density and the determination of filter 
factors. 

Another section of British Standards is 
concerned with the optical and mechanical 
performance of lenses and shutters, and equip- 
ment — e.g., for processing X-ray film. In pro- 
cessing equipment, of course, a detailed speci- 
fication is out of the question, but it is of 
immense help to the user and supplier to 
know that the standard components incor- 


porated are interchangeable between units and 
that essential service connexions of standard 
type are fitted and readily accessible and that 
suitable requirements for temperature, ventila- 
tion and chemical resistance properties of the 
materials used have been specified. 

Other standards concerned with apparatus 
of a complex nature, like projectors, optical 
lanterns and microfilm readers, include not 
only standard dimensions for interchange- 
ability of lenses, etc., but also electrical and 
illumination performance requirements to 
ensure efficient and safe functioning from both 
the operator’s and audience’s point of view. 
Collaboration Between Standards Organiza- 
tions. Although full international agreement on 
standards is achieved through the I.S.O., some 
degree of collaboration between standards 
organizations is often desirable in the interests 
of trade between two countries, or perhaps to 
prevent confusion in cases where some stan- 
dard designation may be used outside its own 
country. To this end conferences between 
organizations may be held periodically. 

The question of B.S.I. and A.S.A. film speeds 
is an example of co-operation of this kind. 
Both employ the same basis for assessment ; and 
by common usage B.S.I. speeds are given in 
the logarithmic form (degrees) and A.S.A. in the 
arithmetic form. Both therefore adhere to the 
same standard, but at the same time each 
respects, and agrees to maintain, the other’s 
preference for individuality. F.A.M. 

See also: Exposure tables; Film transport; Identity 
photographs; Lens mounts; Perforations; Sizes and pack- 
ings; Speed of sensitized materials. 

Book: Progress in Photography (2 vola.), ed. by D. A. 
Spencer (London), 


STAND CAMERA. Every type of portable 
camera which is normally mounted on a tri- 
pod. Such cameras are usually of large format — 
half -plate and upwards — and focus by focusing 
screen. 

Seo also: Field camera; Technical camera. 

STAND DEVELOPMENT. Development of 
films and plates for a long time in highly 
dilute developers, often in special tanks. This 
method is not generally popular, as the long 
times required are rarely convenient. 

Stand development requires special develo- 
pers which do not oxidize readily even at low 
concentration — e.g., glycin — and which do not 
readily produce aerial fog. 

Dilution is in the region of ten to twenty 
times normal, and development times range 
from one to four hours. 

Agitation is considerably less important than 
with orthodox development, as the action of 
the solution is very slow. Consequently the 
normal molecular movement in the solution 
is sufficient to keep the concentration of the 
active ingredients reasonably uniform through- 


out the liquid. This applies especially if the 
film or plate is suspended vertically in the solu- 
tion, as is normal practice in stand develop- 
ment so that the solution is kept moving by 
gravity as its density changes on becoming 
exhausted. 

Although highly diluted, the developer solu- 
tion must still contain a sufficient amount of 
developing agent per film, otherwise the bath 
would become exhausted before development 
reached the required stage. Stand development 
therefore requires large volumes of solution. 

See also: Finality development. 

STARCH PASTE. One of the adhesives 
commonly used for mounting prints, made by 
emulsifying starch in boiling water. 

See also: Mountants. 

STATIC. Abbreviation of static electricity; 
commonly used to describe an electrical charge 
produced by friction between certain materials 
— e.g., glass and silk. 

In photography static may be produced on 
a film by the action of unwinding it in very dry 
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weather. It can be recognized by the sharp 
cracking sound it makes as it discharges. The 
discharge may also be accompanied by faint 
blue sparks which can actually produce a 
developable image on the film. Ordinary roll 
films are unlikely to discharge enough static to 
cause visible marks on development, but cine- 
matograph films can be seriously marked. 
This is because the faster speed of unwinding 
and the greater length of the film build up 
much higher charges and produce brighter 
sparks. 

Static also makes it difficult to get rid of dust 
on glass surfaces. When the surface of a lens 
or glass negative carrier is polished with a 
cloth, the friction builds up a static charge on 
the surface of the glass. This makes the dust 
cling tenaciously to the surface and fly back 
to it after being wiped off. Rubbing the 
surface harder simply makes matters worse. 
The remedy is to wipe the glass once, very 
gently, about five minutes after polishing. 
There are proprietary dopes and impregnated 
dusters which are claimed to prevent the 
formation of static and leave the surface dust- 
free. 

The above remarks apply equally to dust 
that has settled on the emulsion surface of 
plates and films. 

See also: Faults. 

STATUETTES. Figures of statuary and of 
people, children and pets cut out of photo- 
graphs and mounted on cardboard or plywood. 
Cut-outs of this type are used for decorative 
purposes, table top and model photography, 
and for attaching to calendars. They are of 
course used on a large scale for advertising 
and display material in shop windows and at 
the point of sale, but for this purpose the 
pictures are printed from half-tone blocks and 
cut out in one operation on a machine. 

The picture chosen should have a clearly- 
defined and simple outline, and the tones should 
be bold and with plenty of contrast. There will 
be no border to isolate the figure from its sur- 
roundings and it must be strong enough to 
assert itself on its own merits. The enlarge- 
ment should ensure a figure of at least 4 ins. 
in height and preferably more. Anything 
smaller is difficult to work on and the finished 
product looks insignificant. 

Mounting the Picture. The figure is cut out of 
the print by laying it on a flat surface and going 
around it with the point of a sharp knife, 
keeping quarter to half an inch away from the 
outline. Just enough of the lower part of the 
print should be left attached to provide a good 
base for the cut-out. 

The roughed-out portion is then stuck down 
on to a piece of suitably robust support 
material. Satisfactory supports may be cut 
from stiff card, but thin plywood is better. The 
surface must be clean, dry and free from 
irregularities. It should be rubbed quite flat 
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on both sides with a piece of fine sandpaper 
wrapped around a block of wood. 

Both the back of the print and the face of 
the support should be thickly coated with a 
good cold glue. (The popular tube glues are 
excellent, but not cellulose glue because this 
type tends to dry before both surfaces are 
covered.) Rubber solution and ordinary photo- 
graphic mountants are unsatisfactory because 
they do not dry hard enough to give a clean 
edge when the cut-out is sawn down to the 
outline. 

The two surfaces are pressed together, 
squeegeed into firm contact and then kept 
under pressure between flat boards for at least 
twenty-four hours. 

The Support. The outline is now sawn out with 
a fretsaw — if possible of the treadle type since 
the faster the speed of the saw, the smoother 
the edges of the cut will be. All edges are 
rubbed smooth with fine sand-paper. Grey 
water colour is then painted all round the edge 
to tone it down to about the average shade of 
the print. 

Wooden blocks are then glued to the back 
of the cut-out to form feet. With large figures it 
is a good plan to drill as large a hole as possible 
at the back of the feet and pour in melted lead 
so that the weight prevents the cut-out from 
tipping forward. 

Both sides of the cut-out are then given a 
coat of clear cellulose lacquer so that it will 
stand up to handling. 

If both sides of the statuette will be visible, 
it is possible to stick a reveised print on to the 
back. The reversed print is made by reversing 
the negative in the enlarger, taking care that 
the second image is exactly the same size as the 
first. 

Another effective method of mounting a cut- 
out is to sandwich it between two sheets of 
glass or Perspex held upright in a slotted block 
of wood. The outline in this case is cut around 
with the point of a sharp penknife or razor 
blade. Here again a left-to-right reversed 
print can be stuck to the back. 

Photographers with a liking for this type of 
handicraft often produce amusing animated 
versions and children's toys by articulating the 
joints of cut-out figures. Others turn straight 
head and shoulder portraits into miniature 
imitations of busts, with a pedestal base. F.P. 

See also: Photosculpture. 

STEINHEIL, CARL AUGUST VON, 1801- 
70. German physicist, electrician, optician, pro- 
fessor at Munich University. Was one of the 
first in Germany to work on the daguerreotype 
process and to make (in the camera or by 
contact) photographs on silver chloride paper, 
fixed with hypo (1839). In the same year manu- 
factured the first miniature daguerreotype 
camera producing pictures 8x11 mm., and 
a viewer for them. In 1866 designed another 
collapsible miniature camera with a plate- 
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changing device. In 1855 founded the optical 
works which later became C. A. Steinheil 
Sohne. Biography by Rudolf Loher (Munich 
1937). 

STEINHEIL, HUGO ADOLPH, 1832-93. 
German designer and manufacturer of lenses, 
younger son of Carl August von Steinheil. 
Father and son patented in 1865 the Periskop 
lens which gave a field of 100° free from dis- 
tortion. In 1866 purchased his father's optical 
works and produced his Aplanat, an achro- 
matic rectilinear lens for landscapes, repro- 
duction work and interiors. Later produced 
wide-angle lenses for cartographic reproduc- 
tions, an Ahtiplanat (1881) and a telephoto 
lens (1891). 

STEP WEDGE. Optical wedge in which the 
density increases in a series of regular steps 
from the transparent to opaque. 

The steps are usually chosen so that the light ' 
passing through any particular section is twice 
that passing through its denser neighbour. This 
requires the density to increase by 0-3 at each 
step. 

Step wedges are used in sensitometry and for 
determining exposures in enlarging. 

See also: Wedge. 

STEREO-MICROGRAPHY. Except at a 
very moderate degree of magnification it is 
normally impossible for the eyes to look 
through a magnifying glass at a small object 
and view it stereoscopically. This is because to 
do so they would have to converge at such an 
angle that a single magnifying lens would not 
serve both eyes at the same time, and because 
the separation between the two viewpoints 
would be so great that the picture seen by 
one eye would be quite different from that 
seen by the other and it would be impossible to 
fuse them into a single stereoscopic impression. 

Enlarged stereoscopic views of small objects 
can only be obtained by scaling down the 
separation between the viewpoints of the eyes 
in proportion to the magnification of the image. 
This is done in the stereoscopic microscope by a 


system of prisms which in effect allow the eyes 
to look through the magnifying system from 
viewpoints separated by a fraction of an inch 
instead of from their normal interpupillary 
distance. 

The same effect can be produced by taking 
two consecutive photographs of the object 
through the microscope and either rotating 
the object, or sliding it sideways between 
exposures. The extent of the change in position 
(corresponding to the reduced interpupillary 
separation) is arrived at by simply dividing the 
normal separation of the eyes (2i ins.) by 
the magnification — e.g., if the object is magni- 
fied 50 x life size, then the shift between expo- 
sures will be 2-5 H- 50 = -05 in. When the 
resulting negatives are printed and viewed as a 
stereoscopic pair, the effect will be as though the 
object had been magnified to fifty times life 
size and moved fifty times farther away. At 
that apparent size and distance it would be 
seen in stereoscopic relief exactly as though it 
were an enlarged model being viewed normally 
with two eyes. 

STEREO-RADIOGRAPHY. In normal radio- 
graphic practice, spatial relationships of objects 
examined are demonstrated by taking two con- 
secutive radiographs at right angles to each 
other. This method can be augmented by taking 
and viewing a stereoscopic pair of films; the 
procedure is much the same as in stereoscopic 
photography with a single-lens camera. 

In view of the restricted range of distances 
involved, the X-ray tube is shifted a standard 
2£ ins. (65 mm.) between each view, the sub- 
ject being immobilized as far as possible. 

The very size of radiographic films prohibits 
the viewing of such stereoscopic pairs in a 
normal stereoviewer. The Wheatstone stereo- 
scope is commonly employed for this purpose; 
as mirror images are viewed, the radiographs 
are mounted in reverse on their respective 
illuminators. 

Various elaborations of the method allow 
accurate depth measurements to be made 
which may be helpful in localizing foreign 
bodies. 


STEREOSCOPES 


Special type of viewer designed to accept a 
stereoscopic pair of pictures so that they can 
be viewed as a single image in three-dimen- 
sional relief. 

There are two principal requirements; 

(1) Each eye must see in the stereoscope the 
picture that it would see if it were looking 
directly at the subject — i.e., the left eye must 
see the print from the negative taken with the 
left hand lens of the stereoscopic camera (or 
with the camera at the left hand end of the 
stereoscopic slide) and the right eye must see 
the picture taken from the right-hand side. 
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(2) The eyes should pref erably be focused and 
converged as though they were looking at the 
actual object. This condition is not always 
strictly observed in the design of stereoscopes 
and any departure from it results in eyestrain 
after a time. 

Unaided Viewing. Some people can manage 
after a little practice to look at a stereoscopic 
pair and merge them into one stereoscopic 
unage. To do this, the two pictures are placed 
side by side with their principal points separated 
by the normal interpupillary distance of the 
eyes. 
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There are then two ways of looking at the 
pictures : 

(1) The observer looks at the pictures from a 
distance of about 10 in., seeing the left-hand 
picture with the left eye and the right-hand 
picture with the right eye. (A piece of black 
card held between the pictures helps to keep 
the eyes from wandering.) To see the picture 
stereoscopically under this condition the eyes 
must be directed as for an infinitely distant 
object — i.e., without convergence — and focused 
as for a near object. 

(2) The pictures are transposed from left to 
right and the observer looks at them with each 
eye seeing the picture on the opposite side. If 
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ELLIOT’S STEREOSCOPE. Contains no optical system ; the 
left and right eye rays cross over, so that each eye sees only its 
own picture and not the other one. 



BREWSTER’S STEREOSCOPE. Two prisms or half -lenses allow 
the eyes to converge naturally, though the pictures are 
appreciably separated. Principle of many modern stereoscopes. 

with his eyes to the eyeholes, looked through 
the hole in the end of the box at a suitably 
arranged stereoscopic pair set up at a distance 
outside the box. 

Under these conditions each eye looking at 
an angle through the end opening could see the 
picture on the opposite side, but it could not 
see the picture on its own side. This enabled the 
picture for the right eye to be set up where only 
the right eye could see it, and the left picture 
where only the left eye could see it; the result 
was a single stereoscopic image. (In practice 
the pictures were set up side by side, but with 
the left picture on the right side and the right 
on the left; the viewing box was then moved 


the pictures are far enough away, the con- 
vergence of the eyes is reasonably near normal, 
even although the axes are crossed, and the 
effort called for is not as great as when the axes 
are parallel. 

Both these methods require special practice 
first and involve considerable eyestrain. Some 
people are unable to fuse the images at all 
successfully. They are not suitable for con- 
tinuous viewing. 

Elliot’s Stereoscope. About 1837, F. A. Elliot 
produced a stereoscope based on the second 
method of unaided viewing described above. It 
consisted of an oblong box with eye holes 
spaced at the interpupillary distance at one 
end and a single hole at the other. The observer. 



SINGLE MIRROR STEREOSCOPE. Little more than a primitive 
viewing aid, it permits the eyes to converge naturally. One of 
the prints must be reversed left-to-right 




WHEATSTONE’S STEREOSCOPE. Uses two mirrors; each 
stereo picture must be reversed left-to-right. Suitable for 
prints of any size, since they can be at any distance from the 
mirror necessary to include the whole picture. 


about until the required condition was 
achieved.) 

The Elliot viewer was easier to use than the 
unaided methods above, but it still called for 
an unnatural visual combination of focusing 
and convergence. So only a few specially 
gifted people could use it and even then its 
use inevitably produced eyestrain sooner or 
later. 

Wheatstone’s Stereoscope. In 1838 C. Wheat- 
stone brought out a stereoscope that is still 
used in modified forms today. 

The basic arrangement of this consisted of 
two mirrors set facing outwards at 45° to 
the line of sight. The mirrors were arranged 
to reflect the pictures of a stereoscopic pair 
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STRAIGHT 35 mm. STEREO VIEWER. Designed for viewing 
untransposed transparency pairs taken side by side on one 
24 x 36 mm. f rame with the aid of beam splitter lens attach- 
ments working on a similar principle. 

held upright on either side, and facing inwards 
parallel to the line of sight. Because of the 
inverting effect of reflection from the mirrors, 
the pictures had to be printed with the negative 
reversed if the resulting stereoscopic image was 
to show left and right in their correct relation- 
ship. This was an inherent disadvantage, but 
even so Wheatstone’s stereoscope was the first 
really practical instrument. 

Because the pictures are parallel, there is no 
limit to their size as there is in side-by-side 
arrangements. So the Wheatstone principle is 
still employed for viewing large images like 
those of X-ray film stereoscopic pairs. 

Cazes’s Stereoscope. A similar type of viewer 
to the Wheatstone was made by L. Cazes in 
1895. In this, two extra reflecting mirrors are 
introduced so that pairs of any size may be 
observed side-by-side in one plane. Converging 
or diverging lenses can be combined with the 
eye pieces to alter the scale and apparent dis- 
tance of the image. Such viewers have adjust- 
ments for arranging the separation of the 
pairs and the viewing distance to give natural 
convergence of the eyes no matter what the 
magnification or reduction of the optical 
system. Instruments of this type are used for 
giving magnified stereoscopic images of aerial 
reconnaissance photographs. 

Brewster’s Stereoscope. In 1844 Sir David 
Brewster introduced a stereoscope based on a 



TRANSPOSING 35 mm. STEREO VIEWER. Du i/ntd for riming 
transposed transparency pairs taken with twin-lens stereo unit 
in interchangeable-lens 35 mm. cameras. The viewing rays 
cross over in centre prism. 


new principle. Originally it consisted of a side- 
by-side viewer in which each eye viewed its 
own picture through a plane prism. The two 
prisms were placed, base out, across the line 
of sight; after refraction, the bundles of rays 
coming from each picture were bent away from 
each other, thus appearing to come from a 
point. So the respective right and left image 
rays, instead of appearing to come from two 
spaced pictures, seemed to come from a single 
stereoscopic picture at the meeting point of the 
two converging bundles of rays. This arrange- 
ment allowed the eyes to converge naturally on 
the single virtual image. 

An immediate improvement on this system 
was to substitute lenticular prisms for the 
plane prisms, thus giving a magnified image. 
By malting the prisms to a suitable angle (in 
practice they are formed by a pair of half 
lenses) it is possible to view pairs separated by 
as much as 3 ins. without discomfort. This 
enables larger pictures to be viewed than are 
possible with the normal interpupillary separ- 
ation of about 2) ins. 
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TRANSPOSING 35 mm. STEREO VIEWER. The transposed 
transparency pair is viewed from the back; the prism system 
for each eye reflects the image three times, resulting In a right- 
way-round picture and correct stereo view. 

This type of stereoscope is the one com- 
monly used for amateur stereo photography 
and for all portable and compact viewers. In 
its most popular f orm (at least up to aboutl940) 
it consisted of a frame with a pair of hooded 
eyepieces at one end of a base carrying the 
print holder. The separation of the print 
holder from the eyepieces could be adjusted to 
focus and merge the pair. More elaborate 
stereoscopes of this type had the units mounted 
in a closed box with a reflector at the top for 
illuminating prints. There was an optional 
opal glass at the end opposite the eyepieces 
which could be pointed at a light source for 
viewing transparencies. Some models included 
an adjustment for varying the separation of the 
eyepieces and for correcting focusing dis- 
parities between the right and left eyes. 

The above principle is the one incorporated 
in the familiar machines on piers at coastal 
holiday resorts. 

A fundamental requirement of this type of 
stereoscope is that for natural stereoscopic 
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presentation of the subject, the effective focal 
length of the viewing lenses should be identical 
with that of the taking lenses. This requirement 
is difficult to meet in practice, particularly 
with stereoscopic pairs made on 35 mm. film 
in miniature cameras. The cost of short focus 
prismatic lenses, suitably corrected, is out of 
proportion to the cost of the rest of the equip- 
ment, so that it is customary to use lenses of 
longer than the ideal focal length. This results 
in over-emphasis of the foreground, but the 
worst of the distortion can be removed by in- 
corporating additional meniscus lenses in the 
eyepieces. 

Highly developed stereoscopes on this 
principle, with their own illuminating lamp 
and battery, are now widely used for viewing 
stereoscopic colour transparencies taken on 
miniature cameras with stereo attachments. 
One of the commonest applications of such 
instruments is as a sales aid carried by com- 
mercial travellers to display goods — e.g., 
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machinery, furniture, motor cars — too large 
to take around to show to the buyer. 

Other Systems. Several variations are based on 
the method of viewing in which, say, the left eye 
looks directly at the left picture while the right 
eye converges on to an image of the right-hand 
picture which is displaced towards the centre by 
either a pair of mirrors or a refracting prism of 
suitable shape. 

A variation on this method requires the pair 
to be set at an angle like the sides of an almost 
fully opened book. One eye looks directly at 
one page, while the other, converging naturally 
on the line of sight of the first, sees the second 
image reflected in a mirror. This method lends 
itself to the examination of stereo pairs bound 
in book form. In this case the side which is 
viewed in the mirror must be printed in reverse 
since the image is reversed on reflection. F.P. 

See also : Beam splitter. 

Book: Stereo Photography, by K. C. M. Symons 
(London). 


STEREOSCOPIC CAMERA 


A stereoscopic camerais normally designed to 
take two simultaneous photographs of the 
scene in front of it. The photographs are taken 
from viewpoints separated by the same dis- 
tance as a pair of normal human eyes. When 
the subsequent positive prints are looked at 
through a suitable stereoscopic viewer they 
combine to give a three-dimensional repro- 
duction of the original scene. 

Some stereoscopic cameras are made to fold, 
but the most popular type is simply a rectangu- 
lar box in which the essential parts of two box- 
type cameras are mounted side by side. The 
axes of the two cameras are 2i ins. apart — 
2i ins. being the normal separation of the 
human eyes. The camera may be designed to 
take pictures on either pairs of plates, pairs of 
films, separately wound, or on alternately 
spaced frames of a single film. 

Miniature Stereo Cameras. Stereoscopic photo- 
graphy gained a new lease of popularity with 
the introduction of camera models taking per- 
forated 35 mm. film. This also brought colour 
within the range of the stereo photographer 
and made it an economic proposition. 

Stereo cameras using 35 mm. film take pairs 
of either 23 x 24 mm. vertical pictures or 24 
x 30 mm. horizontal ones. In the first case the 
two corresponding images are separated by 
two frames, and in the second case by one 
frame. This leads to two distinct film trans- 
port systems. 

In cameras which produce 23 x 24 mm. 
pictures the film is advanced by two frames for 
every exposure. The arrangement of images on 
the strip of film is therefore : 

la. 0. 2a. lb. 3a. 2b. 4a. 3b. 5a. 4b. 6a., etc., 
the space between la and 2a being blank (la. 


2a, 3a are the right-hand images, lb, 2b, 3b 
the left-hand ones). The stereo pairs are thus 
interlinked throughout the whole length of the 



stereo frames. The two images of a pair are always separated 
by two frames; the second f rame of the film is thus blank. The 
film transport advances the film by two frames every time. All 
pairs continuously Interlinked. Right: 24 x 30 mm. stereo 
pairs, separated by one frame. Only alternate pairs inter- 
linked; film transport advances one frame and three frames 
alternately by use of special transport lock. 
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STEREO PRECISION MINIATURE CAMERA. This model takes up to 21 pairs of 24 x 30 mm. stereo frames on a standard 36 
exposure load of 35 mm. film. The matched lenses are mounted on a common lens panel f or simultaneous focusing, while aperture 
and shutter controls are coupled for both. The individual images of a stereo pair are separated by one frame; the film transport 
therefore advances the film alternately by one and three frames, with a complete Urn of the knob corresponding to a cycle of two 
stereo pairs. The camera will also take about 42 single frames. Top left: General view of camera against I in. square grid. Top 
right: Top view. Centre right: Front view. Bottom right: Rear view. 

A. reversing lever. B, stereo and single frame control; when set to single frames, covers u{. one of the film apertures with a blanking 
plate, and gears the transport knob to advance one frame every time. C, film transport knob. D, film counter. E, release button. 
F, rangefinder window. G, lever f or independent shutter tensioning. H, aperture setting knob. I, back lock. J, lens. K, shutter speed 
setting knob. L, accessory shoe. M. rewind knob. N, viewfinder window. O and P, flash sockets. Q, lens panel. R, focusing wheel 
and scale. S, depth of field indicotor.T, viewfinder eyepie e. U, rangefinder eyepiece. 
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film which cannot be cut without splitting at 
least one stereo pair. A complete 36-exposure 
load of film yields 27 or 28 stereo pairs. 

Where the camera takes 24 x 30 mm. pic- 
tures, the film is advanced alternatively by one 
and three frames for every pair. The images are 
arranged in a different fashion: 

Is. 2a. lb. 2b. 3a. 4a. 3b. 4b. 5a. 6a. 5b„ etc. 

Each set of four frames constitutes two com- 
plete stereo pairs. A full 36-exposure film 
yields 21 to 22 stereo pairs. Usually the single 
and triple frame advance are controlled auto- 
matically with the transport knob geared to 
advance four frames at one revolution. Two 
film locks, spaced one-quarter revolution apart, 
then yield the interval of one and three frames 
alternately. 

Many miniature stereo cameras can be used 
for single shots if desired. One of the two film 
apertures is then blanked off by means of a 
built-in masking plate (or one of the lenses 
covered) and the film transport locks reset to 
advance the film frame by frame. 

Optical System. The lenses must be accurately 
matched because any discrepancy would mar 
the stereoscopic effect. Matching wide aperture 
lenses is an expensive business, so very few 
stereoscopic cameras have lenses of aperture 
greater than / 6-3. In the miniature formats, 
however, some cameras are made with lenses 
of aperture /3-5 and even /2 8. The iris 
diaphragms of both lenses are coupled to a 
common control. 

A brilliant type of viewfinder is mounted 
on the top of the box mid-way between the 
lenses. One advanced type of stereoscopic 
camera is built on the twin-lens reflex principle 
and has a viewing lens and focusing screen in 
place of the viewfinder. 


If the finder is mounted between the lenses, 
parallax correction is simple; the finder area is 
masked vertically to include only the field 
covered by both lenses. The masks may be 
fixed (for all subjects beyond 3-5 feet) or 
movable (for close-up work). 

Some cameras have their lenses fitted in 
screw focusing mounts, coupled to a single 
lever which indicates the distance of sharp focus 
on a calibrated scale. In others, the lenses are 
mounted on a focusing panel racked forward 
by a thumb wheel on the side of the camera. 

A number of miniature stereo cameras in- 
corporate a coupled rangefinder. As the camera 
itself has a comparatively long body, the range- 
finder can have a base length of up to 6 ins. or 
thereabouts without difficulty. 

Shutter Units, The simplest stereo camera 
shutter consists of a long metal plate with two 
apertures, spaced the appropriate distance 
apart, and moving horizontally behind the 
lenses. This automatically ensures perfect 
synchronization of both exposures as well as 
identical exposure times. The speed range and 
accuracy are, however, as limited as with box 
camera shutters. More versatile models may 
feature better behind-lens shutters (which still 
have the advantage of permitting a reliable 
direct linkage) or between-lens shutters of 
advanced design. With these accurate matching 
at all shutter speeds is important, for the two 
images of a stereo pair must be equally exposed. 
With high-speed action subjects precise syn- 
chronization of the release of both shutters is 
also essential, otherwise the two stereo pictures 
show the subject in different phases or stages of 
movement. F.P. 

Sec also : Beam splitter. 

Book: Stereo Photography, by K. C. M. Symons (London). 


STEREOSCOPIC PHOTOGRAPHY 


The word stereoscopic is derived from two 
Greek words stereos and scopeo, meaning 
“to view solid”. From early times attempts 
were made to simulate stereoscopic vision by 
providing artificial stimuli in the form of 
drawings made from slightly different view- 
points. The first successful stereoscope, de- 
signed by Wheatstone in 1838, used such 
drawings, but photography soon replaced 
drawings, for Wheatstone’s friend, Fox Talbot, 
actually supplied him with stereoscopic pairs 
of photographs about 1 845. 

BINOCULAR VISION 

The ability to assess the mass and distance 
of objects depends to some extent on their 
light, shade, and colour contrast, and on 
perspective, but it results mainly from the fact 
that the two eyes and the brain form a human 
rangefinder. When the eyes are directed from a 
distant object to a near one, two things happen : 


they rotate inwards slightly in their sockets 
(this movement is known as convergence); 
an adjustment of focus takes place (this 
adjustment is known as accommodation). 

The most distant plane in which the human 
vision can distinguish relief is around two 
hundred yards, although for all practical pur- 
poses the limit is closer. The nearest plane in 
which objects can be viewed comfortably 
without optical assistance is about ten inches, 
below which convergence and accommoda- 
tion are difficult, and may cause discomfort. 

The approximate separation of the human 
eyes when fixed on infinity is assumed to be 
2A ins. (65 mm.). This figure, known as the 
interpupillary distance, is important in the 
design of stereo cameras and viewers. 

The Stereoscopic Slide. A stereoscopic slide 
consists of a pair of positive prints or dia- 
positives made from negatives taken from two 
slightly different viewpoints. Normally the 
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BINOCULAR VISION. As the two eyes occupy distinctly separate 
positions when viewing a scene, they also see slightly diff erent 
views. The difference is particularly apparent in a relative 
displacement ( parallax ) of near objects against their back- 
ground ( e.g ., the candle against the corner of the room). This 
gives the scene its appearance of depth. 

separation is equal to the interpupillary dis- 
tance, but it may be increased or decreased 
when photographing distant or near objects. 

Modem practice is to mount positives so 
that the separation of corresponding infinity 
points does not exceed 65 mm. : this point is 
important because the eyes do not easily 
diverge. This fact imposes a limit on the width 
of stereoscopic positives. At one time, positives 
up to 3J- ins. wide were used. So that the eyes 
would not have to diverge, prismatic lenses 
were fitted to old-time stereoscopes; they were 
cut from the transposed halves of a bi-convex 
lens. There are still many of these old instru- 
ments in use. 

Distortions. Stereoscopes are fitted with lenses 
so that the slide can be brought close to the 
eyes, and fill the field of view more or less 
completely. The f ocal lengths of the camera and 
stereoscope lenses should theoretically be 
equal, but in practice viewing lenses of in- 
creased focal length are commonly used: these 
cover the field more easily and with less mar- 
ginal distortion, and some people prefer the 
effect they give. In practice, the error intro- 
duced by an excess focal length of as much as 
30 per cent may escape detection. 

If the viewing lenses are of longer focal 
length than the taking lenses, the subject will 
appear more distant, and elongated in a direc- 
tion away from the observer. The picture will 


in addition appear rather small. Conversely, 
if the taking lenses are of longer focal length 
than the viewing lenses, the subject will appear 
to be nearer, and compressed. The picture 
will be over-magnified, and the comers may 
not be covered. 

If the stereo negatives are taken from view- 
points spaced wider apart than the normal 
interpupillary separation, the subject appears 
nearer, and relief is exaggerated. Conversely, 
if the taking separation is reduced, the subject 
appears more distant, and the impression of 
relief is diminished. Excessive separation should 
be avoided: it may cause difficulty in viewing 
and is unnecessary — in fact many stereoscopic 
cameras have been made with less than normal 
separation. 

STEREOSCOPIC EXPOSURES 

Any ordinary camera can be used for making 
stereoscopic negatives — even a simple box 
camera. The size of negative should preferably 
be less than 2i x 3i ins. If the negatives are 
made with a smaller camera, and the prints are 
intended for use in a large viewer, the viewing 
conditions can be improved by making small 
enlargements up to 65 mm. wide. 

Stereoscopic negatives may be made in two 
different ways: by sequential exposure or by 
simultaneous exposure. 

Sequential Methods. In sequential methods, the 
negatives are exposed one after the other in the 
same camera, from viewpoints separated by the 
normal interpupillary distance. With this 
method, several seconds may elapse between 
one exposure and the next, so it is only suit- 
able for still subjects. (In simultaneous methods, 
both negatives are exposed a the same time, 
so the subject may be moving as quickly as for 
normal photography.) 

(1) Hand held exposures. It is possible to 
make a stereoscopic picture with an ordinary 
camera held in the hand in this way: 

Stand with the feet apart, and the weight of 
the body on one foot. Make an exposure, wind 
the film, transfer the weight to the other foot, 
and make a second exposure. With luck and 



STEREO-PHOTOGRAPHIC METHODS. Two photographs of a 
subject, separated by the interocular distance, can be made 
either with a twin-lens stereo camera, or by successive expo- 
sures with a normal camera. 
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good judgement the result will be a stereoscopic 
pair of negatives. By moving the body in the 
same direction as the film is moved for the next 
exposure, the pictures will be taken in the 
correct relative positions for viewing, but 
probably at an incorrect separation. The camera 
may be tilted up or down, but it must be kept 
level from side to side, and the same area should 
as f ar as possible be included on both negatives. 

(2) Tripod attachments. A suitable stereo 
slide can be made from a shallow wooden tray, 
65 mm. wider than the camera. It should have 
a bush on the under side for attaching it to a 
tripod. This enables two exposures to be made 
with certainty from the correct distance apart. 
Exposures are made with the camera first at 
one end and then at the other. The camera may 
be lifted off the tray when setting the shutter 
and winding the film. Commercial attachments 
are available for many of the better makes of 
roll film and miniature cameras. 

(3) Moving the object. This method is useful 
for small objects and has the same effect as 
moving the camera. The subject must be 
taken against a plain background; the move- 
ment between exposures should be i in. per 
foot distance from the lens (2 cm. per metre). 
The lighting must be diffused, or must move 
with the subject. 

(4) Rotating the object. A small object can 
be stood on a turntable and rotated about 
four degrees between exposures. The lighting 
must be diffused, or rotate with the subject. 

(5) Rotating the camera. This method is suit- 
able for use when taking small objects with a 
plate camera. A piece of black card is arranged 
inside the camera back so as to obscure half 
the plate. After the first exposure, the card is 
changed to the other side, and the camera is 
rotated on its support so as to bring the 
image to the other side of the plate. This 
method gives a pair of exposures on one plate. 

(6) Displacing the lens. The body of a plate 
camera can be divided by a central partition, 
and the lens, mounted on a long panel, is 
moved from one side to the other between 



STEREO SLIDE. For stereo photography by successive exposures 
in a normal camera , the camera displacement and positioning 
have to be accurate. The stereo slide moves the camera by the 
exact distance required between exposures, while a spirit level 
helps to check that it is truly level. In use the whole slide is 
mounted on a tripod, and the camera on the sliding part. 

E. — NN 



STEREO ATTACHMENTS. Loft: Beam splitter to fit In front of 
normal camera lens, produces two untranspcsed images side 
by side on the normal negative area. The prism unit ensures 
correct separation of viewpoints. Rifht: Twin-lens attachment 
for interchangeable lens cameras. The Images are inverted 
(as with beam splitter) and also transposed. Can be used with 
a prism unit, or, for very near subjects, without it. 

exposures. Alternatively, it can be fitted to one 
side of its panel, and the panel inverted between 
enclosures. The slide must be closed during the 
change unless the camera has a focal plane 
shutter. 

Simultaneous Methods. These methods may 
give two separate negatives or a pair of nega- 
tives on opposite halves of a single plate. 

(1) Using two cameras. Two identical 
cameras can be fixed together at the required 
separation, the shutters being released together. 
Commercial attachments for this method are 
made for some miniature cameras, and many 
workers find an economical way of making 
stereos is to mount two cheap box cameras 
side by side. 

(2) Using a stereoscopic camera. A stereo- 
scopic camera resembles two cameras in one 
body. The lenses are matched, and the dia- 
phragms, shutters, and focusing movements 
are coupled, so as to ensure that the negatives 
are identical except for the separation of the 
viewpoints. 

(3) Using beam splitters. Two pairs of sur- 
face silvered mirrors, or a similar arrange- 
ment of surface treated prisms, are arranged in 
front of the lea" in such a way as to impress 
two images on opposite halves of one frame of 
film. The resulting negatives are of rather a 
narrow angle; and exposures must be increased 
from 50 to 100 per cent because light losses 
take place. 
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In another pattern, now obsolete, a pair of 
mirrors fixed at an obtuse angle was placed at 
45° in front of the lens, and the picture was 
taken with the camera at right angles to the 
subject. Commercial beam splitters are avail- 
able for most of the better miniature cameras. 
One such instrument incorporates a pair of 
short focal length lenses and includes a normal 
angle of view. 

Subject and Exposure. Subjects should generally 
be selected f or their depth, but a distant back- 
ground should not be included with a close-up 
subject. Apart from difficulty with depth of 
field, eyestrain is likely to result when such 
pictures are viewed. 

The lighting should preferably emphasize 
roundness although contre jour subjects make 
attractive slides. Since stereoscopic photography 
is essentially the photography of foregrounds, a 
foreground of some kind should always be 
included. Even a fence will often make the 
difference between success and failure. 

Good definition is necessary over the whole 
picture area, so the depth of field must be 
adequate. Generally the apertures should be 
small and a tripod should be used if possible. 
The exposure must be generous enough to 
give printable detail in dark foreground ob- 
jects: at least double the exposure necessary 
for a normal photograph should be given. 
Areas of solid black that can be tolerated in a 
normal photograph will ruin a stereo picture. 
Special Techniques. Objects more than about 
200 feet away do not possess stereoscopic 
relief, but the normal separation between the 
exposing positions can be increased by moving 
the camera to provide relief in objects at any 
distance. The separation of the camera stations 
can be calculated on the basis of one-fiftieth 
of the distance to the nearest plane to be in- 
cluded, or it can be estimated by changing the 
camera position until a noticeable displace- 
ment occurs between the foreground and back- 
ground on moving from one camera station to 
the other. This technique is known as hyper- 
stereoscopy. 

Separation is sometimes increased to provide 
extra relief in such subjects as wom coins or 
inscriptions. 

Objects under the microscope may be photo- 
graphed in stereoscopic relief either by taking 
two photomicrographs from slightly separated 
viewpoints or by tilting the stage. 

A stereoscopic impression of the X-ray image 
can be created by taking two radiographs from 
separated viewpoints. This technique is used 
principally in medicine, to determine the 
depth of organs or foreign objects in the human 
body. 

When taking close-ups with a single lens 
camera, the separation can be adjusted to the 
subject, and if necessary the lens can be con- 
verged to keep the subject central on the film. 
With a stereoscopic camera, the separation can 
be varied from the normal by capping each 


lens in turn, and making sequential exposures, 
moving the camera the required distance. 

NEGATIVE MATERIAL AND PROCESSING 

In the long history of stereoscopic photo- 
graphy, many formats for taking or viewing 
have been used. They vary from frames on 16 
mm. film up to 5 x 7 ins., and the total 
number so far tried is in excess of twenty. 
Current formats for negatives include the 35 
mm. film sizes, 45 x 107 mm., and 6 x 13 cm., 
and viewing formats include the above, 
41 x 101 mm., and the standard card mount 
for prints, which measures 3£ x 7 ins. The 
complete list of formats includes a number 
of obsolete sizes, and apparatus for some of 
these is still in circulation. For example, 
7 x 13 cm. and 3$ x 6 f ins. cameras are 
still used, but supplies of plates or film are 
difficult to obtain. These sizes, however, are 
equally effective in viewers of correct design. 

Plates, sheet film, roll film, and 35 mm. film 
are all currently used, and at one time film 
packs were popular. The positives are not only 
viewed under magnification, but they receive 
closer scrutiny than any enlargement of equal 
magnification, and for this reason grain must 
be avoided. Fine grain material should be. used 
whenever possible: certainly for small sizes. 

Monochrome reversal material can be used 
with success; it is becoming increasingly 
popular, and some workers use reversal pro- 
cessing methods with normal negative material. 

A normal developer can be used for sizes 
above 45 x 107 mm., but for smaller sizes fine 
grain processing is best. Below full size 35 
mm. frames, fine grain technique is essential, 
and processing must be carried out with great 
care. Over-development, leading to blocked 
highlights, must be avoided; there should be 
printable detail in all parts of the negative. 

In stereo photography it is always easier to 
prevent blemishes than to cure them; even the 
spotting of paper prints is difficult, and it is 
practically impossible to retouch a blemished 
transparency. For this reason, cleanliness is 
important. Dust must be avoided at all stages, 
all processing solutions must be filtered, and 
sensitive material should be handled as little 
as possible, so as to reduce the risk of mechani- 
cal damage. The camera itself should be carried 
with the lenses pointing downwards, so that 
dust tends to fall away from the plate or film. 
Airbells should be avoided by using a wetting 
agent in the developer. 

Making Positives. The aim should be to pro- 
duce a print or transparency with a full range 
of tones, anc' with detail in every part. Areas 
which are devoid of detail appear either as 
meaningless dark patches, or as holes in the 
picture through which the grain of the diffuser 
in the viewer is visible. 

On the other hand, a slide which appears dull 
and flat when held in the hand, and which would 
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TRANSPOSITION. Each image produced by a twin-lens stereo 
camera is upside dawn; on inversion, the left-eye image is on 
the right hand side of the negative, and the right-eye image 
on the left. Before they can be viewed correctly in a normal 
stereoscope, these images must be transposed so that each is 
on its own side for viewing by the correct eye . 

be quite unsuitable for use as a normal photo- 
graph, may look quite satisfactory when 
viewed in the stereoscope. This is because 
points which are scarcely to be distinguished 
from others by contrast occupy different posi- 
tions in space. It is in fact common for a dull 
slide to brighten up in the viewer. 

Prints on Paper. Daylight paper (P.O.P.), 
contact, bromide, and chlorobromide papers 
are all suitable for making stereoscopic prints. 
Many workers still favour daylight printing for 
its long scale of tones and for the beauty of the 
toned image. 

It is essential to use a glossy surface, but the 
prints need not be glazed: some people con- 
sider that the reflections from a glazed print are 
distracting. Opinion generally favours a warm 
tone, as black tones appear unnaturally cold. 
Transparencies. Transparency plates are obtain- 
able in the 45 x 107 mm. and 6 x 13 cm. 
formats coated with emulsions which corres- 
pond to contact, bromide, and chlorobromide 
papers. Sheet film coated with a fine grain 
ordinary or a process emulsion can also be 
used. These materials provide a range of con- 
trasts which enables a reasonably good slide 
to be made from most negatives, with warm or 
cold tones, which can in turn be toned to 
provide a further range of image colours. 

Colour Material. Colour film may be used in 
the form of sheet film, roll film or 35 mm. film. 
Some of the additive processes are satisfactory 


in sizes above 45 x 107 mm., but the reseau 
on which these processes depend becomes 
annoyingly visible under high magnification. 
However, 45 x 107 mm. slides made by the 
additive processes appear satisfactory if a 
viewer with lenses of abnormally long focal 
length is used. 

Slides of exceptional beauty can be made in 
all sizes including 35 mm. on subtractive colour 
film because of the absence of reseau or grain. 
Transposition. If a negative made in a stereo- 
scopic camera is held up to the light with the 
emulsion facing away, it will appear the right 
way up and the right way round, but the left 
hand image will be on the right hand side, and 
vice versa. The reason for this is that the image 
was upside down in the camera: inverting it 
has brought the frames to the wrong side of the 
plate. As it is essential that each eye should 
view the picture made from its own corres- 
ponding viewpoint, it is necessary to transpose 
the pictures. Negatives on film can be cut and 
transposed, and at one time apparatus for cut- 
ting and transposing glass plates could be 
obtained. (There was a risk of damaging the 
plate in cutting it.) Similarly, if the positive is on 
paper or sheet film, the two frames can be cut 
apart, and mounted in their correct positions. 

For making positives on glass, it is usual to 
use a special type of printing frame called a 
transposing frame. Several types are made, but 
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TRANSPOSING FRAME. Used for contact printing the images 
of a transposed stereo negative. I. The left-eye ( right-hand ) 
negative is printed first on the left-hand side of the printing 
paper. 2. By sliding the negative and paper in opposite direc- 
tions, the right-eye ( left-hand ) negative is then printed on the 
right-hand side of the paper, yielding a correctly oriented 
stereo pair f or normal stereo viewing . 
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the most usual has a central opening of the 
correct size, surrounded by an opaque mask. 

The positive and negative plates overlap at 
the central aperture, and extend at each side, 
their positions being governed by a rebate. 
After the first exposure, their positions are 
reversed, and a second exposure of the same 
duration is made. 

The length of the rebate is calculated to en- 
sure that the separation of corresponding points 
on the positives does not exceed 65 mm. in the 
case of 6 x 13 cm., and 63 mm. in the case of 
45 x 107 mm.; but as a small tolerance is 
allowed in cutting the plates, it may be neces- 
sary to adjust the length by gluing thin cards 
in the end rebates. 

VIEWING METHODS 

Many experienced workers are able to view 
slides stereoscopically without apparatus, 
having trained themselves to dissociate con- 
vergence from accommodation. The eyes are 
fixed on infinity, and the slide, held about 
eighteen inches from the eyes, is raised into the 
line of sight. If all goes well, the pair of pic- 
tures will fuse, and will be seen in full stereo- 
scopic relief. This technique calls for special 
ability. 

Viewers. Normally correct reconstruction can 
only be realized with specially designed viewing 
apparatus. The following are the main types 
of viewer. 

(1) Brewster type viewers. These are box type 
viewers used for transparencies. They have a 
pair of lenses at one end, and a slot for the 
slide at the other. Daylight types have a 
diffuser behind the slot, but modem miniature 
types are usually self-illuminated. In some 
viewers an opaque slide can be illuminated 
through a window in the top. 

(2) Holmes viewers. These are open type 
viewers, having at one end a pair of well- 
hooded lenses, which are frequently prismatic. 
The carrier that holds the slides is adjustable 
for focusing along a horizontal rod. Viewers 
of this type are used almost exclusively for 
opaque slides mounted on standard 3J x 7 
ins. cards. 

(3) Cazes viewers. This type of stereoscope, 
designed by L. Cazes, closely resembles a 
beam splitter of the four-mirror type, and is 
used for the examination of stereoscopic pairs 
taken from the air. The same principle, on a 
smaller scale, is used in viewers designed for the 
examination of stereoscopic pairs made on 
35 mm. film with a beam splitter, and mounted 
as 5 x 5 cm. slides. In this case, the mirrors 
produce images with the required inteipupil- 
lary separation from positives printed side by 
side on a single frame of 35 mm. film. 

(4) Cabinets. The need for changing the slide 
by hand is avoided by using a cabinet type 
viewer. The early types carried a number of 
slides (usually thirty or more, but models were 


made which held 300) attached to a continuous 
chain or band. This was operated by turning a 
handle, which caused the pairs of prints to 
appear one after the other in the viewer. 

Cabinets of an improved type carry the 
slides in groups of twenty-five in grooved 
plastic trays. By operating a handle, each slide 
in turn is raised vertically into the viewing 
position, and the eyepieces are obscured 
during the change. 

(5) Special viewers. A number of special 
viewers exist. Among these is one for using 
uncut filmstrip. This has an internal prismatic 
system, which renders transposition unneces- 
sary. Another interesting viewer is made for 
use with discs which carry seven pairs of posi- 
tives. These are changed by operating a lever, 
the eyepieces being obscured during the change. 
Other Methods of Viewing. Auto-stereoscopic 
methods are becoming popular for advertising 
and publicity. As many as six or more exposures 
are made with special apparatus, and from the 
resulting negatives a positive is made which 
consists of a number of narrow vertical picture 
elements. This is displayed behind a screen 
which may either consist of vertical grid ele- 
ments, or of moulded vertical lenticular prisms. 
The grid or lenticular elements enable only one 
aspect to be seen at a time by each eye, and the 
person viewing can obtain a satisf actory impres- 
sion of relief at near or distant points within a 
wide arc. Photographs made by these systems 
are sometimes known as parallax stereograms. 

Anaglyphs, originally popular in the first 
quarter of the century, have recently appeared 
again in magazines. In making an anaglyph, a 
pair of images printed in ink of complementary 
colours (usually red and green), is superim- 
posed. When these are viewed through spec- 
tacles of similar colours one image becomes in- 
visible to each eye while the other appears in 
dark grey tones. In this way the correct images 
for the right and left eyes can be presented as 
they would appear when viewed normally, and 
the result appears in monochrome. Carbro, 
dye imbibition processes, photogravure, and 
half-tone are all suitable processes for the pro- 
duction of photographic or printed anaglyphs. 
This process dates from 1841. 

A vectograph consists of a pair of stereo- 
scopic transparent images located on each 
side of a plastic polarizing support, which is 
backed by a reflecting metallic surface. When 
viewed by reflected light, the images are 
polarized in two separate planes at right 
angles to each other. A pair of polarizing 
spectacles is wom when viewing, the eyepieces 
being so arranged as to select only the image 
appropriate to each eye. 

TRIMMING, MOUNTING AND MASKING 

Positives on paper are usually mounted on 
dark toned card of size 3J x 7 ins. Prints 
made from a stereoscopic negative must be cut 
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WINDOW EFFECT. Making the separation of the picture edges 
the same as the separation of two near point images produces 
an effect of a picture window located at the same apparent 
distance as the near points. D, distant image points. F, frame 
separation. N, near image points. NN must be the same as F, 
and E, as well as E t must be the same for each image. Making 
F equal to DD locates the stereo window in the plane of the 
distant subject points, behind the foreground. 

apart, trimmed, and transposed, but before 
doing so they are first marked. This is best 
done by reversing the print, and drawing a 
light pencil line from the centre of one print to 
the centre of the other. When separated and 
correctly transposed, the line cuts the outer 
edges of the prints. 

Care must be taken to trim the prints square, 
and to mount them at the correct separation. 
It is important also to see that the prints do not 
slope at an angle. Inaccuracy will be evident 
in what is called a “floating edge” — the sign 
of careless work. To obtain the correct separa- 
tion, a millimetre rule is used to set a pair of 
distinct homologous points in the background 
to the normal distance apart. A centre line and 
a base line are ruled on the mount as a guide, 
using a white pencil, which is easily erased. 
Window Effect. It is the customary, but not 
universal, practice to mount prints or to make 
transparencies so as to produce the effect of 
looking at the subject through a thin opaque 
window. This is done by making the separation 
of the edges of the mask or prints equal to the 
separation of a point at the distance at which it 
is desired to locate the imaginary window. The 
distance chosen is usually 3, 6 or 9 feet, and the 
separation can be calculated. 

In practice, it suffices when trimming prints 
to do it by a method of trial and error. The 
rule is as follows: 


Trim a little more from the right-hand edge 
of the right-hand print than you trim from the 
right-hand edge of the left-hand print, then 
place the prints together and trim them to the 
same size. Experience soon shows how much to 
trim off to give the effect of the distance 
required. 

Masking Transparencies. The following are the 
main methods of masking: 

(1) The mask may be cut from thin black 
paper with a steel straight edge and a razor 
blade. 

(2) Or a mask may be built up on the slide 
or cover glass with adhesive black binding 
tape. (It should be noted that cover glasses will 
not enter the grooves of most types of auto- 
matic viewers.) 

(3) Masks can be ruled with a draughtsman’s 
ruling pen, using an opaque quick-drying black 
varnish. 

(4) Masks may also be printed photographi- 
cally by giving a second exposure under a 
masking negative made by sticking opaque 
black paper over the picture area on the face 
of a cover glass. 

Titles can be printed in white ink on the back 
of card mounts, or on the central space of the 
mount in the case of transparencies. 

Mounting 35 mm. Pairs. 35 mm. pairs are 
usually mounted with self adhesive tape on cut- 
out mounts or on commercial card mounts. 
As an alternative, there are commercial metal 
or plastic mounts on which the films are 
correctly located by means of projections 
moulded or pressed in the material of the 
mount. 

The adjustment of the small pieces of film 
over the apertures of a cut-out mount must be 
carried out with precision: it is difficult to do 
so without mechanical or optical assistance, 
and it is an advantage to use a special mounting 
jig sold for the purpose. This holds the films in 
the correct position during mounting. 

STEREOSCOPIC ACTIVITIES 

The interests of the stereoscopic photo- 
grapher are rarely catered for by the average 
photographic society, but there exist in Britain, 
France, Canada, Australia, and America, 
societies devoted to the subject. 

British. The oldest is The Stereoscopic Society, 
with headquarters in London. Founded in 
1893, it circulates print and transparency 
portfolios in Bri tain , America, Australia, New 
Zealand, and Canada, and has also a local 
transparency folio circulating only in Britain. 
The Society also holds meetings, and organizes 
reunions and outings. 

The United Stereoscopic Society, also a 
British society, circulates local portfolios in 
which both prints and transparencies can be 
entered, and members can compete annually 
for the Walsh Owen trophy, which consists of 
a silver rose bowl. 
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Foreign. In America, there is an active branch 
of The Stereoscopic Society, and also The 
Stereo Guild, which circulates 35 mm. trans- 
parencies. A number of local societies either 
specialize in or cater for stereoscopic interests. 

In France, the Stereo Club de France holds 
monthly meetings in Paris, and circulates an 
illustrated monthly bulletin. 


STERRY PROCESS. Forebath for producing 
a soft print from a contrasty negative. The 
exposed print is immersed in a 1 per cent 
solution of potassium bichromate or ferri- 
cyanide. After about a minute, it is drained and 
transferred to the developer for normal process- 
ing. 

While the process softens the gradation of the 
print it tends to change the image colour from 
pure black to warm black with a greenish tinge. 

Potassium ferricyanide or bichromate both 
tend to make the developer inactive and may 
cause stains, so the developer must be changed 
frequently. The process is also suitable for 
lantern slides. 

See also: Contrast control; Thorium nitrate forebath. 

STIEGLITZ, ALFRED, 1864-1946. American 
photographer. Studied engineering and photo- 
graphy in Berlin (the latter under H. W. Vogel). 
Entered the photo-engraving business in 
America and became the founder of a new 
artistic outlook of photography. Used hand 
cameras and candid shots and advocated 
“straight” photography and lantem slides. In 
1902 founded the Photo-Secession. Spread his 
ideas on pictorial photography through his 
editorship of Camera Notes and Camera Work. 
Received the Progress Medal of the Royal 
Photographic Society in 1924. Biography by 
Waldo Frank (New York 1934). 

STILB. Photometric unit of brightness (lumi- 
nance) of a light source or illuminated object 
in terms of intensity per unit area, equal to one 
candle (candela) per square cm. 

See also: Light units. 

STILL LIFE. To the photographer, still 
life subjects offer opportunities for experi- 
ments in composition, lighting, colour arrange- 
ments, studies in texture reproduction and so 
on. They have the advantage of requiring little 
space, and a wide variety of effects can be 
achieved with simple ligh ting equipment. 

The basic essential of all still life work is a 
satisfying, self-contained arrangement of shapes. 
From this point of departure the photographer 
can branch off into a number of directions. He 
can use shadowless lighting technique so that 
all the emphasis falls on the tones of the sub- 
ject, or he can employ strong lighting to present 
his subject in terms of shadow patterns or con- 
trasted surface texture. He can project the 


Two major exhibitions in Great Britain, and 
several in America, have classes for stereo- 
scopic slides. K.C.M.S. 

See also: Hyperstereoscopy; Lenticular system; Parallax 
stereogram; Stereo-micrography; Stereo-radiography; 
Stereoscopes: Stereoscopic camera; Three dimensional 
projection (3D). 

Book: Stereo Photography , by K. C. M. Symons 
(London). 


shadows of his subject on to the background or 
foreground so that the shadows themselves 
become a part of the subject, or he can light the 
background to kill the projected shadows so 
that the whole interest is once more framed 
within the subject. 

The best type of camera for still life work 
is undoubtedly a plate camera of at least 
quarter-plate size, with a focusing screen and 
a long focus lens. 

A reflex camera is excellent, but whatever the 
camera, it must be possible to examine the image 
f ull size on a focusing screen. 

The long focus lens is essential because the 
subject must be photographed from a fair 
distance — 10 feet is not too much — to ensure 
good perspective. The aperture of the lens is 
unimportant since the exposure can be of any 
duration without fear of subject movement. 

The only props of any importance are one 
or two large sheets of thick paper of various 
tints to use as background material. As a rule 
the background should be unobtrusive, and 
for that purpose it is always safe to stand the 
subject on a large sheet of paper and curve the 
paper up behind to form the background. 

See also: Antiques; Ceramics; Commercial photography; 
Flowers; Food; Glassware; Lighting the subject; Models 
(scale); Sculpture; Silverware; Table top. 

Books: All About Table Top Pictures , by W. Herz 
(London); Creative Table Top Photography , by E. 
He imann (London). 

STIRRING ROD. Glass or plastic rod used 
to stir solutions while dissolving chemicals. 
Some stirring rods have a thick disc at one 
end for crushing tablets, crystals, etc., to make 
them dissolve quicker. Some photographic 
thermometers also have a thickened end for 
use as stirring and crushing rods. 

STOCK SOLUTION. Processing solution 
which needs only to be diluted with another 
chemical or to be mixed with another stock 
solution to be ready for use. Developers which 
will not keep in normal solution are often 
stored as two separate stock solutions which 
will keep indefinitely apart and be always ready 
for mixing when required. 

See also: Solutions. 

STOP. Originally, the term referred to a metal 
plate with a hole in it which was inserted 
through a slot in the mount of early lenses to 
act as a fixed diaphragm. Stops with holes of 
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different sizes could be interchanged to alter 
the working aperture of the lens. Each metal 
plate was associated with the corresponding 
/-number, and nowadays it is customary to 
refer to the diaphragm settings as stops 
whether they are formed by a perforated plate 
or a variable iris diaphragm. 

See alio: Diaphragms. 

STOP BATHS. After a negative or print has 
been developed, it is usual to rinse it in clear 
water for a minute or so before transferring it 
to the fixer. In these circumstances develop- 
ment does not stop completely for some 
seconds. 

Normally the slight amount of extra develop- 
ment that takes place is not important but there 
are times when it is desirable to end develop- 
ment decisively with a special stop bath. A 
solution of 2-5 per cent acetic or citric acid, or 
potassium metabisulphite is commonly used 
for this purpose. It immediately neutralizes the 
alkalinity, and thus the activity, of the 
developer. 

An acid stop bath should always be used 
after a high speed developer and for hot weather 
processing. 

An acid hardening bath acts as a stop bath 
and also hardens the gelatin. 

See also : Hardening baths. 

STOPPERS. Ordinary corks are unsuitable 
for bottles of photographic processing solu- 
tions because they rapidly become soggy and 
disintegrate. They can be made to last longer 
by being soaked in hot paraffin wax, but even 
then they are never completely reliable. 

Glass stoppers are not affected by processing 
liquids, but they are by no means ideal. Their 
greatest drawback is that they tend to stick 
stubbornly if the bottle has been left for any 
length of time and the liquid has crystallized 
around the neck. A smear of vaseline around 
the stopper will prevent it from sticking, but 
it is apt to make the fingers greasy and cause 
finger marks on any sensitized material handled 
afterwards. 

A glass stopper that has become jammed in 
the neck of the bottle can often be freed by 
tapping it smartly on the side with the handle 
of a table knife. Another method is to wrap a 
cloth soaked in hot water around the neck of 
the bottle to expand it away from the stopper. 

Rubber is by far the best material for stoppers 
for photographic solutions. It is not affected 
by any of the normal chemicals, and it cannot 
become jammed in the neck of the bottle. 
Encrusted solution can easily be washed off the 
surface, and the resilience of the material 
means that the stopper gives a completely air- 
and solution-tight seal. Rubber stoppers can 
be bought in all sizes, and many photographic 
chemicals are sold in rubber-stoppered bottles 
which, when empty, can be used again for 
stock solutions. 


For some purposes, plastic screw caps may 
be better than rubber stoppers; they can be 
screwed on tightly without any fear of them 
coming undone again. 

Plastic stoppers are now also being made 
and possess the same advantages as rubber 
stoppers. 

See also: Bottles. 

STOPPING DOWN. Decreasing the size of 
the lens aperture — i.e., using a smaller stop. 
This may be done either to increase the depth 
of field covered sharply by the lens or to con- 
trol exposure. 

With field cameras, single lens reflex cameras, 
and all other types in which the image formed 
by the taking lens is focused visually on a 
ground glass screen, it is always easier to 
focus on the principal plane with the lens at its 
widest aperture. Afterwards the lens aperture is 
reduced to a value (found either by actual 
inspection or by referring to a depth of field 
table) which gives the required depth of field. 

One disadvantage of this procedure is that 
if the lens has to be stopped down considerably, 
the image becomes difficult or impossible to 
see. In at least one reflex camera the problem 
has been solved by a pre-selecting mechanism. 
This enables the user to focus at full aperture 
and then press the shutter release normally. 
Before the shutter actually operates, the dia- 
phragm is automatically stopped down to a 
pre-selected value. 

Stopping down the lens also reduces the 
amount of light passing through, and together 
with the shutter speed controls the effective 
exposure. 

When taking flash photographs with open 
flash technique the only way of controlling the 
exposure at a particular flash-to-subject dis- 
tance is by stopping down the lens. In fact the 
flash exposure is expressed in terms of a guide 
number which directly relates the exposure to 
the product of the distance and aperture 
number. 

Stopping down may also be necessary in 
enlarging, after focusing the image visually 
at the full aperture to increase the exposure to 
a manageable length. If the exposure is made 
at full aperture, it may be too short to be 
estimated accurately, and leaves no time for 
“dodging” and other forms of control during 
printing. 

See also: Aberrations of lenses: Diaphragms: Focusing. 

STORAGE OF SENSITIZED MATERIALS. 
All kinds of light-sensitive material tend to lose 
speed and deteriorate in the course of time. 
There are many reasons for this. Some are 
beyond the control of the purchaser — e.g., the 
effect of impurities in the emulsion support — 
but the conditions under which the materials 
are stored have a great bearing on how long they 
will keep in good condition. In general, if 
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films, plates and papers are stored id a cool, 
dry, dark cupboard, away from the fumes of 
gas or open fires, or — most deadly of all — 
sulphide solutions, they will lose none of their 
original speed or quality at least up to the 
expiry date given by the makers, and generally 
for very much longer. 

See also: Filing negatlres and prints; Film storage; 
Keeping qualities of materials; Polar photography; Tropical 
photography. 

STRESS MARKS. Streaks and other areas of 
density on a developed photographic image 
caused by pressure or friction on the emulsion 
before development. This form of pressure 
may render parts of an emulsion develop- 
able just as if they had been exposed to light. 

See also: Faults. 

STRIPPING. There are times when it is 
useful to be able to remove the film from a 
glass plate or celluloid support and retain the 
negative image intact. If the glass of a plate 
negative or lantern slide is cracked, the emul- 
sion can be stripped off and transferred to 
another plate. When large numbers of plate 
negatives are to be stored for reference, it 
is more convenient to store the emulsion film 
without its glass support. 

Some printing processes reverse the image, 
left to right. In such cases it may be more 
convenient to strip the film off the plate and put 
it back reversed so that the print appears the 
right way around. 

There are several ways of removing the film. 
The quickest methods rely on hydrofluoric 
acid which is dangerous to handle because it 
attacks glass and calls for special containers 
and processing vessels. 

It is generally wiser to avoid using this 
acid. The methods described below may be 
slower, but they are completely safe and can be 
carried out with the normal darkroom equip- 
ment. 

Methods. The simplest method is as follows: 

(1) Prepare a solution of: 

Potaulum carbonate 90 grains 5 grams 

Glycerine 100 minims 5 c.cm. 

Formalin 100 minims 5 c.cm. 

Water to make 10 ounces 150 c.cm. 

(2) Filter off the precipitate. 

(3) Soak the plate for 30 minutes in the 
solution. 

(4) Drain, wipe, and allow to dry slowly for 
at least 12 hours. 

(5) Cut through the emulsion all round with 
a sharp knife about i in. from the edge. 

(6) Raise one comer of the film with the 
point of the knife and peel the whole film layer 
off the glass. 

The following method is suitable for either 
plates or films but it has one disadvantage: it 
increases the dimensions of the film by about 
3 per cent. 

(1) Soak the negative in this solution: 


Caustic sods 100 grains 5 grams 

Formalin £ ounce f c.cm. 

Water co make 10 ounces 250 c.cm. 

(2) When the emulsion begins to leave the 
support, transfer the plate or film to the follow- 
ing solution: 

Hydrochloric add 4 ounce 12*5 ccm. 

Glycerin i ounce 12*5 c.cm. 

Water co make 1 0 ounces 250 c.cm 

(3) Float off the emulsion and squeegee 
lightly down on to the new support while still 
wet. 

A suitable adhesive for sticking the film 
down on to the new support is made as follows: 
soak 0-25 grams (4 grains) of gelatin in 
30 c.cm. (2 ounces) water, dissolve by heating, 
and add about 10 drops of formalin. Coat 
the glass with this solution immediately before 
applying the wet film. 

The following method allows the dried 
emulsion to be stripped off a glass plate: 

(1) Soak the negative in water for at least 
an hour. 

(2) Transfer it to a saturated solution of 
potassium carbonate in water and leave for 
S minutes. 

(3) Wipe off the surplus solution and cut 
through the film i in. from one edge. 

(4) When dry, insert the point of a knife in 
the cut and the film will peel away. 

Stripping Materials. There are also several 
photographic processes which rely on stripping 
the emulsion from the support. For this 
purpose special transfer or stripping materials 
are available. 

These sensitive materials usually have a 
specially hardened emulsion, coated on top of 
a layer of unhardened gelatin. When the 
material is soaked in warm water, the soft 
gelatin dissolves aDd allows the emulsion layer 
to be stripped away from the film or plate 
support with ease. 

llie surface of the final support may have to 
be prepared to receive the emulsion by being 
coated with a layer of gelatin or other suitable 
adhesive. 

In the process of being transferred from one 
support to the other, the image is reversed 
from left to right. If it is to appear the right 
way round, it is transferred twice: first to a 
temporary support of non-adhesive plastic or 
waxed celluloid, and then to the final support. 

Negative transfer emulsions are mostly used 
in photomechanical work. In the form of 
positive materials they are used in three-colour 
photography. Transferred positives are also 
used for decorating walls, ceramics, and other 
surfaces with photographic images. The emul- 
sion may in certain cases even be transferred 
to the final support first and then exposed and 
processed in position. 

This method is used in making templates and 
similar industrial work. L.A.M. 

See also: Colour print processes; Emulsion remowol, 
Printing on special supports; Transfer coating. 
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STROBOSCOPIC FLASH 


Electronic flashes fired repeatedly at high 
frequencies of hundreds to thousands of flashes 
per second. This method has various applica- 
tions in speed photography and motion study. 

Technically a stroboscopic flash unit is based 
on an electronic flash discharge circuit, with 
certain modification to permit a high flashing 
rate. 

Historically, electronic flash lighting is al- 
most as old as the negative-positive photo- 
graphic process, since W. H. Fox Talbot used 
both about one hundred years ago. True, he 
covered only a small subject with flash, but his 
writings prophetically describe the modem 
electrical flash equipment, as used in photo- 
graphy today. 

Theory of the Single Flash. Light is produced 
when electrical energy stored in a charged con- 
denser is discharged into the flash tube. During 
the discharge, the instantaneous power is very 
large (it may be as much as several million 
watts). However, the practical criterion is the 
light energy or exposure — i.e., the integral of 
the light power in candle power during the 
flash time in seconds. 

Possibly the most important component in a 
flash unit, other than the flash lamp, is the 
condenser (or capacitor). This accounts for 
most of the weight, volume and cost, of the usual 
equipment. The capacitor is the energy storage 
component of the circuit. It can take in energy 
at a slow rate over a period of seconds or even 
minutes and then discharge it into the lamp in 
a fraction of a second at the required megawatt 
rate. Many of the advances in modem elec- 
tronic flash equipment design have been con- 
cerned with improved capacitors and further 
improvements are expected. 

Electronic flash tubes are made in many sizes 
and forms, such as straight, U, or spiral shapes, 
as required for different applications. The gas 
pressure and electrode spacing are arranged 
so that the tube will not flash by itself in most 
applications. But when a triggering pulse is 
applied to an external electrode, internal 
ionization results, and the tube flashes. 

Most of the flash tubes used today are filled 
with xenon gas at a pressure of a fraction of an 
atmosphere. A series of 1 microsecond expo- 
sures of the arc in a typical tube made with a 
magneto-optic shutter shows that the arc 
starts as a narrow filament adjacent to the 
flash-tube wall on the side of the external 
triggering electrode. Soon, if the energy is 
sufficiently large, the arc filament enlarges to 
fill the entire flash tube. 

Flash duration for a specific flash tube and 
circuit is best defined by plotting the light as a 
function of time. This shows the initial delay, 
the initial rise, the peak, and the decay of the 
light. From a practical standpoint, the actual 
duration is negligible, if the motion of the 
subject is effectively stopped. One practical 


way to indicate duration is to define it as the time 
between the initial and final instants when the 
light is 1 / 3 of the peak. 

The output of a flash tube is the integral of 
the light against time. An approximate value 
can be obtained by taking the product of dura- 
tion by the peak light. If the peak light is 
measured in candle power, and time in seconds, 
then the output will be in units of candle- 
power-seconds. The lumen-second output is 
greater by a factor of 4 tt, or about 2-5, when the 
angular asymmetries of the flash tube are con- 
sidered. 

The electronic flash tube has a most unusual 
volt-ampere characteristic, At the start of the 
discharge, the resistance is infinite, since no 
current is flowing. Then, as current starts to 
flow, the resistance drops rapidly to a value of a 
few ohms for the main portion of the dis- 
charge. Finally, the current again becomes 
zero, and the resistance infinite. During most 
of the flash, the volt-ampere curve is similar to 
that of a resistor and the circuit transients can 
be calculated approximately. Extrapolations 
to other lengths and diameters of flash tubes 
can be made as though the tube were a resistor 
of uniform conductivity. Then flash duration 
can be estimated from the equation: 

RC 

Flash duration = seconds. 

where C = capacitance in farads. 

R = resistance. 

There is a large variety of electronic flash 
tubes available for the equipment designer to 
consider. For any specific case important 
factors are: 

(1) The shape of the tube — linear, spiral, 
U-shaped, etc. A concentrated lamp is more 
effective in a reflector, where control of the 
light is required. 



MERCURY POOL CONTROL CIRCUIT. The mercury lube in 
series with the main flash tube sharply starts and interrupts 
the current for the flash, and handles nigh power rates. Permits 
several thousand flashes per second. C, main capacitor. 
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(2) The efficiency at the required energy 
input. Each lamp has its maximum efficiency 
for a particular input. The designer should 
attempt to use the lamp at or near this maxi- 
mum efficiency point, although in practice it is 
generally necessary to work at a lower value of 
efficiency to prevent the tube from overheating 
and to prolong its life. 

(3) The flash duration is a function of the 
tube and the circuit. If a specific duration is 
required, the design is usually fixed. 

(4) The voltage at which the flash is desired. 
Item (2) above needs to be reconsidered in 
terms of voltage, since the efficiency usually 
drops when the tube is used at low voltage. 

There are many times when the most effi- 
cient flash tube cannot be used — particularly 
in stroboscopic work, at high frequency and 
high power — because of heat storage and heat 
conductivity problems. 

Stroboscopic Photography. The name “strobo- 
scopic" photography has come to mean mul- 
tiple-flash exposed photographs. Some of the 
earliest exploiters of this general system are 
Muybridge, Marey, Cranz, Bull, etc., whose 
excellent pictures of horses, people, and bullets 
are still used as examples today. The first 
multi-exposure photographs were made on a 
single, moving plate using a slotted disc as a 
shutter or on separate plates with a series of 
cameras. The modem method is to use a 
succession of electronically produced flashes of 
light separated by accurately controlled inter- 
vals of time. 

Two practical problems arise when an elec- 
tronic flash tube is required to run as a strobo- 
scopic source: 

(1) The flash tube becomes so hot that it 
does not function properly — e.g., it may miss 
occasional flashes, due to not starting properly. 

(2) The flash tube fails to de-ionize, thus pre- 
venting the capacitor from building up a charge 



HY OftOGEN THYRATRON PULSING CIRCUIT. T he quick 
deionization time of the thyratron tube permits higher flashing 
frequencies. C, main capacitor. T, thyratron tub*. 
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for the subsequent flash. A low value continu- 
ous current flows in the flash tube. This con- 
dition is called “hold-over". 

A hot tube may fail for several reasons: such 
as, puncture of the glass by the external spark- 
ing circuit, short circuiting of the triggering 
spark by the conduction of the hot glass, or 
actual collapse of the glass wall of the tube. 
Failure of a tube to de-ionize results in the 
continuous arc hold-over condition, where the 
capacitor charging current flows continuously 
into the lamp. A further difficulty may result 
when the tube self-flashes, as the capacitor re- 
charges, due to the lowering of the hold-off 
voltage by residual ionization or temperature. 

Any or several of the difficulties mentioned 
above are soon experienced when a flash tube is 
operated at a fast rate of flashing with high 
energy per flash. 

Tubes of quartz are better than glass tubes at 
high power rates, since quartz has the higher 
melting temperature. 

Several special circuits have been used to 
operate flash tubes at high rates. Examples are 
the series mercury-arc rectifier of the pool 
type, and the hydrogen thyratron, as used in 
radar modulators. 

Mercury-pool Control Tube Circuit. The only 
new element added to the conventional elec- 
tronic flash operating circuit is the mercury 
tube. This mercury tube is connected directly 
in series with the main discharge current path 
of the capacitor to the flash tube. Thus the 
mercury tube must be designed to handle ade- 
quately these high-valued peak currents. 
Immediately after a discharge, the mercury 
tube de-ionizes quickly, due to its low-pressure, 
and thereby prevents the previously mentioned 
hold-over current from flowing in the flash 
tube. 

The mercury tube connected in series is 
also beneficial in starting a flash tube, because 
the igniting spark circuit from the mercury 
cathode goes directly between the two main 
electrodes. This circuit makes it possible to 
start flash tubes at very low voltages on the 
flash capacitor. 

Operation at several thousand flashes per 
second with an input of 1 kilowatt are practical 
with the mercury-connectron tube. 
Hydrogen-thyratron Tube. The thyratron serves 
as a switch to discharge the capacitor energy 
into the flash tube. This thyratron has a very 
quick de-ionization time, thus enabling the 
starting of the flash tube to be controlled at 
high frequency, far above rates where the 
frequency is limited by the slowly de-ionized 
high-pressure gas in the flash tube. High- 
pressure (10 to 70 cm.) of xenon gas is required 
for efficient light production in the xenon 
flash tube. 

The circuit with the hydrogen thyratron is 
similar to that used in radar transmitters, 
except that the flash tube is replaced by a 
magnetron. In either application, the function 
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MULTI-CAPACITOR CIRCUIT. A series of separate capacitors 
are discharged in turn Into the same flash tube. Unit is flexible 
but bulky. C, power capacitors. G. controls gaps. T, time delay 
units for triggering the successive flashes. 


is the same: namely, to pulse the lamp or 
magnetron with high-voltage and high-power 
energy. One of the properties of the hydrogen 
thyratron is the ability to supply large peak 
currents without change to the thyratron 
cathode. 

A typical commercial high speed stroboscope 
using a hydrogen thyratron control tube 
operates at the following electrical condi- 
tions: lamp voltage, 8,000 volts; capacity, 
0 01, 002, or 0 04 microfarads; frequency, 
6,000 max. per second (001 microfarads); 
flash duration, 1 to 3 microseconds; energy 
per burst, 1,500 watt seconds (limit set by lamp 
heating). 

The flash tube in such equipment must be 
designed with high resistance to reduce the 
peak-current requirement of the hydrogen 
thyratron. This is accomplished by the use of a 
small diameter (of the order of 1 mm.) and a 
long arc length (up to 4 ins.). A small per- 
centage of hydrogen gas is mixed with the xenon 
to reduce the afterglow in the discharge. 

The stroboscopic light can also be syn- 
chronized with the motion of the film to produce 
framed pictures for projection. This is com- 
monly done with 16 mm. high-speed cameras. 
Magnetic pickups are used to trigger the 
flash lamp at the correct instants of time. 
Multi-capacitor Circuits. There is another 
general type of multiflash equipment that is 
capable of great speed and flexibility, and which 
has utility when a limited number of photo- 
graphs can be used. Each flash for this method 
is powered by a separate capacitor into either 
separate lamps or a common lamp. This 
circuit becomes bulky when a large number of 
flashes are desired, since each flash requires a 
separate storage system, as contrasted with a 
single storage capacitor discussed in the 
previous method. There is a frequency limit 
set by trigger-tube de-ionization for these last 


two circuits, even if one operation is used. 
Control air-gaps with three electrodes trig- 
gered by a time-delay element can be used. 
Applications. Stroboscopic flash has two main 
applications: analysing a rapid movement by 
photographing successive phases on one film or 
plate, and arresting a rapid cyclic or other 
periodic movement for visual observation and 
photography. 

Examples of the first kind are multiple photo- 
graphs of dancers, hurdlers, etc.; the classical 
one was a shot of a golfer driving off. For this 
two flash tubes were used, each driven by a 
mercury pool tube. Each flash tube was 
operated from a 10 watt-second charge at 
100 flashes per second. The power into each 
lamp was about one kilowatt. Normally, such 
a lamp will soon overheat unless it is artificially 
cooled, but in this case the tube did not over- 
heat, since the operation time was only half a 
second. 

A bullet in flight was taken by multiflash 
photography with a xenon tube operated at 
6,000 flashes per second, with about half watt 
second per flash for a brief period. The bullet 
was photographed against a background of 
reflecting material to reflect the light of the 
lamp which was mounted directly above the 
camera lens. The film was a strip of 35 mm. film. 
The flashing frequency was controlled by an 
electronic oscillator. There was no blur on the 
continuously moving film, since the exposure 
was only about one microsecond in which time 
neither the bullet nor the film had moved 
appreciably. In this method there is no need for 
synchronization between the film motion and 
the frequency of flash, it is only necessary to 
move the film so fast that the photographs do 
not pile up on top of each other. 

For the second type of application the flash- 
ing frequency is matched to the frequency of 
the cycle of the movement. As a simple in- 
stance, a machine component rotating at 5000 
revolutions per minute may be illuminated by 
one or more stroboscopic tubes flashing at 
5000 flashes per minute. If both rates are 
accurately matched the flash will illuminate the 
same phase of the movement every time and 
the component will appear stationary. It can 
then be observed or photographed in that way 
— a useful procedure in industrial photography 
where it is not practicable to stop a machine for 
picture taking. 

By slightly shifting the phase of the flash 
between successive exposures a whole picture 
series of complicated movement cycles is 
obtained permitting the study of motion that 
would be impossible to observe in any other 
way. H.E.E. 

See also: Chrono photography; Flash ( electronic ); Flash 
equipment; Flash technique; High speed photography; 
Spark photography. 

Books: Flash} Seeing the Unseen by Ultra-high Speed 
Photography , by H. E. Edgert n and J. R. Killian (Bos- 
ton); The Photographic Study of Rapid Events , by W. D. 
CheaUrman (Oxford). 
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STUDIO 


Room equipped and set aside for photo- 
graphy — in particular, for portraiture. By 
extension the term is also applied to any 
business in which photographs are taken in a 
studio on the premises — e.g., portrait studio, 
commercial studio. In such cases, and more 
expecially in America, the actual studio is 
known as the camera room. 

Size. There is no upper limit to the size of a 
studio. Commercial studios may be big enough 
to accommodate large objects like motor cars 
and well spaced groups of people. At the 
other end of the scale it is possible to be more 
specific. It is desirable for the studio to be long 
enough to permit full-length portraits to be 
taken with a normal angle lens. So assuming a 
maximum subject height of 6 feet and allowing 
another 1 foot clearance above and below — 
i.e., 8 feet altogether — the distance of the lens 
from the subject can be obtained by simple 
proportion. If the lens is, say, of 6 ins. focal 
length working on a quarter-plate (31 x 4i 
ins.) negative and D is the distance from lens 
to subject, then 

6 : 41 = D : 8 

and D = 6/41 x 8 = 1 1 -3 feet approximately. 

This is the bare distance between the lens 
and the subject. To this must be added the focal 
length of the lens (in this case, 6 ins.), at 
least 3 feet space between the subject and back- 
ground, and another 2 feet behind the camera 
for the photographer. So that, no matter what 
the size of the studio camera, if it is equipped 
with a lens of normal focal length the studio 
must be at least 17 feet long to give full length 
portraits with a reasonable amount of elbow 
room for the photographer and subject. 

For normal operations, the studio should be 
half as wide as it is long and the ceiling, over- 
head cables or roof girders should all be over 
10 feet from the floor. All the above dimensions 
are the least that should normally be accepted 
in choosing or planning a studio. It is of course 
possible to work in a smaller space with smaller 
subjects or with a greater amount of incon- 
venience. 

Daylight Studio. In the early days of photo- 
graphy there were no suitable forms of artificial 
lighting, and the photographer who wanted to 
work indoors had to use a specially constructed 
or adapted room which admitted the maximum 
amount of daylight (but not direct sunlight) 
and was equipped with some means of con- 
trolling it. Daylight studios are still in use 
today in out-of-the-way places without an 
electricity supply. 

The majority of daylight studios have a glass 
roof facing north (in the northern hemisphere) 
and sloping at an angle of not less than 60°. 
This minimum angle ensures that the direct 
rays of the sun will not shine into the studio. 
It applies only to latitudes around 50°; to- 
wards the equator the angle must be increased 
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and eventually it becomes impossible to keep 
out the direct rays and they must be diffused 
with a curtain of fabric or by white-washing 
the glass. In addition to the roof, the wall 
away from the sun should be glazed down to 
a height of about 3 feet. 

Roller blinds are fitted directly under the 
roof and over the glazed part of the wall to 
allow the light to be controlled. There should 
be two sets of blinds — one of opaque fabric 
to cut off the rays completely, and the other of 
light diffusing muslin or similar translucent 
cloth. Each set of blinds should consist of a 
separate roller and blind at the top and bottom 
of the glazed area so that the light can be cut 
off at either end. 

One type of daylight studio was glazed at 
one end only — immediately over the sitter — 
while the other consisted of a low unlighted 
annexe in which the photographer could focus 
the image without the need for a focusing 
cloth. 

A favourite method of constructing a day- 
light studio extension to another building is to 
make it in the form of a glass lean-to against 
the side of a wall facing away from the sun. 

The great objection to daylight studios is the 
unreliability of the daylight and its variation 
from hour to hour and season to season. For 
this reason daylight studios have now been 
almost entirely superseded by those entirely 
lighted by electricity. 

Professional Studios. In professional studios 
there is a wide variation in design, size and 
equipment, but the basic furnishing conforms 
to a regular pattern. There is a camera with 
interchangeable lenses (or a range of such 
cameras) mounted on a substantial camera 
stand which can generally be moved about or 
locked in position at will. 

Lighting consists of banks of overhead and 
side floodlights for general illumination of the 
subject area ; one or more high power modelling 
lights; spot lights for background lighting 
and effects, and various white reflectors and 
mobile screens. The background may be pro- 
vided by roll-up fabric back-cloths, by portable 
“flats”, or there may also be a translucent 
screen with space behind for projected back- 
ground scenes. In addition to normal lighting, 
many modem studios are now wired for 
multiple electronic flash lighting. 

If the studio has any ordinary windows, 
these can be completely blacked out by roller 
blinds or shutters so that the lighting is 
limited to the controlled electric sources. 

The studio is usually lavishly wired, with 
socket outlets at many points in the floor or 
suspended from the ceiling. The object of this 
is to reduce the number and length of trailing 
wires to a minimum. 

"Props” vary according to the nature of the 
work undertaken, from comfortable chain for 



a portrait studio to comprehensive kitchen 
fittings for a studio specializing in food photo- 
graphy, recipe illustration and die like. 

Amateur Studios. Few amateurs are fortunate 
enough to be able to set aside a room exclu- 
sively to serve as a studio and even camera club 
studios have to revert to normal use after the 
club night. So the problem is to equip the studio 
with lighting and other props that can be 
quickly brought out and arranged and just as 
quickly dismantled and packed away. 

Clubs usually have no difficulty in finding a 
room of the right size, and they can nearly 
always count on having a cupboard where the 
equipment can be stored from one club night 
to the next. The worst problem is apt to be the 
electricity supply. Too often the room has only 
a single power plug which is neither con- 
veniently placed nor of a high enough rating to 
take the fighting load. It is of course possible 
for the club to have the necessary extra points 
installed, but the expense can be considerable. 

Where this is out of the question, the best 
plan is to connect a heavy cable from the 
nearest power point to a portable box fitted 
with a number of outlets up to the maximum 
load on that particular circuit — e.g., a 15 amp 
outlet on a 230-volt supply would safely pro- 
vide for a load of 3,000 watts consisting of four 
Photofloods (1,200 watts), two 500 watt spot- 
lights (1,000 watts) and a number of 150 watt 
tungsten lamps for effect and focusing lights. 
The cable and portable distribution box enable 
all the fights to be kept on short leads and 
avoid numbers of trailing cables between the 
power plug and the subject position. 

Backgrounds and fight reflectors in such 
circumstances must be either sheets of fabric 
tied on to collapsible frames, or arranged like 
roller blinds and hung from the picture rail. 
Other properties must be limited to the furniture 
normally in the room supplemented or dis- 
guised by draped fabric. An effective method of 
providing unusual backgrounds is always avail- 
able in the club projector; if this is quite power- 
ful, it can be used for projecting made-up 
transparencies of a suitable nature from either 
in front of or behind a suspended sheet of 
white or translucent material. 

Home Studio. The amateur who works indoors 
at home must be prepared to improvise and 
compromise to a much greater degree. His 
studio is usually the living-room or a bedroom 
which can only be spared from its normal 
functions for an hour or two at most. The room 
itself is usually not long enough and there is 
insufficient space to accommodate fighting 
equipment on safe, broad bases. And anything 
elaborate in the way of lighting equipment is 
in any case ruled out by lack of space to store 
it when it is out of use. 

The best way of solving the problem of the 
length of the room is to shoot through the 
open doorway and have the subject on the 
far side of the room. This adds 3 or 4 feet at 
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east to the camera-to-subject distance and 
gives a much better perspective. 

Everything should be cleared away from the 
studio end of the room, leaving it completely 
bare. If the carpet has an assertive pattern, it 
should be covered over with a plain, neutral- 
tinted sheet and a similar sheet should be sus- 
pended from the picture rail — preferably on a 
batten — to form the background. It is some- 
times convenient to use a piece of background 
material long enough to cover the floor under 
the subject as well. This gets rid of the hori- 
zontal line at the floor level, but it also makes 
the background bulkier to handle and store. 

If there is a fireplace at the only convenient 
end of the room, it is better to arrange to let 
the fire go out for the evening and heat the 
room with a portable heater. The background 
can then be hung so as to cover the fireplace, 
leaving the whole of the end of the room clear 
for the subject and lamps. 

The portable distribution point described 
above is the best method of supplying the 
electricity for the lighting, and it should always 
be connected to a 1 5 amp outlet if more than 
one Photoflood bulb is being used. It is certain 
that the room fighting will be wrongly placed 
to provide any useful light on the subject, so if 
possible it should be switched off and the 
subject arranged by the photographic lighting 
only. One of the best aids to this is a series- 
parallel switch enabling two Photofloods to be 
connected in series for continuous lighting and 
switched on to full brilliance in parallel for the 
duration of the exposure only. 

In the average living-room there is not 
enough floor space for two or more lighting 
stands in addition to the subject and the 
normal furniture. It is generally more con- 
venient to dispense with the stands altogether 
and use the type of lamp reflector that hangs 
from the picture rail or stands on a table or a 
chair or on the floor. In addition there are 
lamp reflectors that can be clamped on to any 
handy piece of furniture or on to the edge of a 
door at any height. This type of support is 
much more rigid than the folding telescopic 
stand, and it calls for no extra space. 

A typical amateur studio set-up would con- 
sist of a background sheet suspended from the 
picture rail along one end of the room and 
lighted by a Photoflood lamp in a reflector 
standing on the floor or on a chair. Main 
lighting would be provided by a Photoflood 
lamp in a reflector clamped to the back of a 
kitchen chair, standing on the normal room 
table. Another Photoflood lamp in a reflector 
for fill-in lighting would stand on a stool in 
front of the subject or be plugged into the 
room light if this happened to be suitably 
placed. 

This basic set-up would be satisfactory for 
head and shoulder portraits, but would have 
to be considerably boosted for full-length 
figures. The most desirable additions would be 

1129 



STU 


a spotlight and an adjustable light reflector — 
e.g., a square of plywood painted white on one 
side and mounted on a universal clamp-on 
tripod head. 

A set-up of this kind can be stored in an 
ordinary cupboard; it will transform a normal 
living-room into a studio in about a quarter of 
an hour and take no longer to clear away. 

The amateur who is lucky enough to have a 
room that he can reserve exclusively for 
photography has no conversion problems. He 
can afford to have his lamps mounted on 
adjustable stands, and permanent wiring run 
to conveniently-sited points not only along the 
floor but along the picture rail. In such cir- 
cumstances it is a great convenience to have 
one perfectly plain wall to serve as a^ back- 
ground. If the skirting board can be removed 
and the wall plastered and distempered or 
papered right down to floor level it will get 
rid of a perpetual distraction. In addition to 
the wall surface (which gives a background 
free from folds and creases) there should be a 
roll-up background mounted on brackets near 
the ceiling and long enough to curve forward 
under the subject. All wall and ceiling surfaces 
should be light cream or off-white. 

The electric wiring should allow for room 
heating as well as photographic lighting: it 
should not be necessary to use the heating 
point for any of the lamps. 

Finally, the floor should be covered with 
plain unpolished lino or drugget. 

Power Requirements. The total amount of 
electric power consumed by the studio will 
depend on its size, the type of work under- 
taken, and whether heating as well as lighting 
is provided by electricity. The amateur can 
usually assume that so long as any equipment 


is connected to the normal lighting and power 
outlets of the room he will not overload the 
distribution system of the whole house (in 
case of overloading the fuses of the individual 
lighting or power circuits will blow first). 

On the other hand, the maximum demand of 
a professional studio is apt to exceed the 
capacity of the average distribution system and 
may call for special provision in the form of 
heavier supply cables, metering and wiring. 
In any case it is advisable to add up the indivi- 
dual consumption of all the apparatus likely 
to be switched on at one time and make sure 
that the supply arrangements are adequate. 

A typical commercial studio undertaking 
general still photography will require about 
10 kilowatts (i.e., about 45 amperes at 200-250 
volts) for lighting alone and double that figure 
if sub-standard cinematography is included. A 
purely portrait studio can operate on 5 to 10 
kilowatts, while the amateur will have to be 
satisfied with a maximum of about 2)- 3 kilo- 
watts (i.e., 10-15 amperes at 200-250 volts) 
if he wishes to run all his lighting off the normal 
room wiring (e.g., 1 5 ampere power plugs). The 
consumption of any heaters, motors, dry- 
mounting presses and other equipment must 
be included in the above totals. 

To be on the safe side any commercial or 
professional set-up should be installed — or at 
least checked over — by a competent electrical 
contractor. The amateur can always get the 
representative of his local electricity authority 
to tell him if his lighting arrangements are likely 
to overload the supply equipment. F.P. 

Sec also: Commercial photography; Electricity; Lighting 
equipment; Portraiture at home; Studio photography; 
Wiring. 

Book: The Business of Photography, by C. Abel (London). 


STUDIO PHOTOGRAPHY 


Even the smallest town nowadays has at 
least one professional photographic studio 
which caters for the photographic needs of the 
general community. It is an essential part of 
the make-up of a typical township, and al- 
though businesses of this type vary in size and 
scope, they conform to a fairly regular pattern. 
There is usually a retail shop with a photo- 
graphic studio attached, and facilities for 
taking portraits, weddings, etc., and a certain 
amount of industrial and commercial photo- 
graphy both on and away from the premises. 
Premises. In the days before electricity became 
available for lighting photographers had to 
depend upon daylight and the photographic 
studio of the past was constructed largely of 
glass. The roof faced north to secure even, 
shadowless light and it was usual for one or 
more of the walls to be in the form of a large 
window. Because of these vast expanses of 
glass it was difficult to keep the place warm in 
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winter and cool in summer; it was also difficult 
to make it waterproof. The essential equipment 
included an enormous camera with its black 
focusing cloth, a rose-garden background and 
an assortment of decorative furniture. This 
was the photographer’s workroom. 

The studio of today is a very different pro- 
position. Daylight can be dispensed with alto- 
gether, backgrounds are plain and easily inter- 
changeable, furniture is comfortable, lighting 
units are efficient and portable and the camera 
is small and compact. Modem heating and 
ventilating appliances help to make clients 
comfortable and the style of decoration is 
chosen to impart a feeling of restfulness and 
security. 

Although a studio may be intended primarily 
for portraiture it is usual (particularly in the 
country and small-town businesses) for all 
kinds of photographs to be taken in it. These 
include copying, photographing paintings 
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SIMPLE SMALL-TOWN STUDIO. Scale about I in. = 18 feet. 
F, finishing room. S, studio space. DR, darkroom. CR, changing 
room (situated near darkroom f or easy plumbing). R, reception 
room. E, entrance. The arrangement is rather crowded , 
especially as far as processing is concerned (a single darkroom 
serves for developing, printing, chemical mixing, and chemical 
storage), but it frequently is dictated by the facilities and space 
available in small premises. Display shelves are fitted in the 
reception room which sometimes also serves as a shop, at least 
for selling films and materials and for accepting developing 
and printing orders of customers' films. 

and taking photographs for catalogue illus- 
trations, as well as photographing many other 
small objects and collectors' pieces. Only a 
few exclusive specialists can afford to keep a 
studio solely for portraiture. 

Personal Approach. Running a studio is 
essentially a personal business which should be 
conducted with dignity and with sympathy 
for the feelings of the client. It is largely for 
sentimental reasons that the average private 
individual is photographed and it is the respon- 
sibility of the photographer to assist the client 
to secure exactly what is wanted. Many studio 
proprietors fail to achieve a professional status 
simply because they are unwilling or unable to 
consider this personal aspect. 

It is often held that, to be successful, the 
photographer must be “different” and that he 
or she should be instantly recognized as an 
artist. To a certain extent this is very true, but 
there is no need to go to extremes in dress or 
manner to achieve this end. It is by the quality 
of the work produced that the photographer 
becomes known and no amount of blatant 
publicity can make up for lack of skill and 
technique. 

Similarly, a studio filled with the most 
modem equipment is of little use unless the 
man or woman behind the camera has the 
necessary knowledge and experience to employ 
the apparatus to the best possible advantage. 
Planning. One of the first points for considera- 
tion when planning a studio is the type and 
class of person it is hoped to attract, because 
the appearance and quality of work produced 
by the studio must match the neighbourhood 
in which it is situated. 

This applies also to the proprietor who 
should be able to talk naturally and pleasantly 
with his clients without being either patronizing 
or presumptuous. 


The planning, organization and running of a 
studio and workrooms are essentially matters 
of economics. It is of little use building up a 
fine connexion if by mis-management and lack 
of organizing ability the money earned is 
wasted by general inefficiency of the supporting 
departments. Whatever the reason for which 
photographs are taken, the basic functions of 
making a photograph are always the same: 
negatives have to be processed, prints and en- 
largements have to be made and subsequently 
washed, dried, mounted and finished. Even a 
small studio will be severely handicapped if 
all these jobs are carried out in one or even 
two rooms. It is much wiser to plan or re- 
arrange the premises so that each section of the 
work can be conducted in a separate room, and 
not interfere with the next. 

In addition to the studio, office and reception 
rooms, there should be a small room or cubicle 
where negative materials are unpacked and 
loaded into slides, a negative processing room 
and a printing and enlarging room with 
separate accommodation for washing and 
drying. 

There should be a separate room set aside 
for mounting, finishing and retouching. In the 
darkrooms, provision should be made for wet 
and dry areas and they should be kept solely 
for these purposes. This avoids trouble from 
spotty negatives and prints. It is also worth 
while, whatever the size of the studio, to set 
aside a small room solely for mixing chemicals 
— a job which should never be done in dark- 
rooms or in draughty places. 

The layout of darkrooms and benches in all 
departments should be on the continuous chain 
principle so that as materials go from one dish 
or tank to the next they do so without passing 
over solutions or benches previously used. 
Every studio layout should be checked by a 
little time/motion study to analyse the separate 



EXCLUSIVE PORTRAIT STUDIO. Typical layout for a larger 
city location. Scale about I in. = 32 feet. N, negative pro- 
cessing room. P, printing room. F, finishing room. O, office. 
OP, private office. CR, changing rooms. SC, special children's 
studio. S, main studio. Y, waiting room. R, reception room. The 
finishing and printing rooms are easily reached by the recep- 
tionist. Separate negative and positive processing rooms in- 
crease the flow of work and the capacity of the business. This 
type of studio can handle advertising orders (using hired 
models), as well as normal portrait photography. 
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UNIVERSAL STUDIO IN SMAU. TO WN. Upstairs location. 
Scale about I in. = 22 feet. R, reception room. E, entrance. 
S, studio. Y, storage room. CR, changing rooms. P, printing 
room. DR, general darkroom for loading, film storage, etc. 
L, laboratory for mixing and storing chemicals, etc. N. 
negative processing room. PS, photo-finishing printing room. 
F, finishing room. T, toilets. X, framing room. The studio 
handles portraiture, commercial work, photo-finishing, fram- 
ing, etc., for the town as well as for a wide surrounding dis- 
trict. The reception room can also be used as a retail shop. 

movements involved in doingspecificjobsand to 
see that wasteful walking about and reaching 
up and down are reduced to a minimum. No 
studio is complete without one or two toilet 
rooms and cloakrooms (essential in wet 
weather), a pleasant and comfortable waiting 
room and a lock-up stockroom where a careful 
check can be kept of all materials consumed. 

A business, artistic or otherwise, can never 
make healthy progress by neglecting matters 
such as costing, fixing prices and assessing 
profits. If the photographer cannot attend to 
them himself then he should employ someone 
who can. 

Photography is now largely a manufactur- 
ing process and as such the prices charged for 
the finished product must bear a fair relation- 
ship to the raw materials used, the processes 
involved and overhead expenses including 
salaries, depreciation and rents. 

The husband-and-wife studio is a combina- 
tion which has brought success to many en- 
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thusiastic workers. In practice, the wife is 
receptionist/secretary /retoucher/colourist and 
finisher while the husband takes on the opera- 
ting, processing and getting business. With one 
general assistant to handle routine jobs of 
washing, mounting, making up solutions, etc., 
this type of studio can profitably undertake 
work of all kinds. 

Equipment. The equipment will depend on the 
type of work undertaken and the type and 
size of photographic materials used. 

For portraiture, children and small groups 
two backgrounds are required. These should 
be in the form of roll-up canvases, one cream 
and one grey, controlled by cords. In conjunc- 
tion with the lighting these two backgrounds 
can be made to reproduce any required shade 
of grey, black or white. They should not be 
smaller than 6x8 feet and the cream canvas 
should be sufficiently long for it to form a 
continuous floor and background on which 
children can be placed. 

Lighting equipment again depends on the 
type of work undertaken but for general 
portraiture including full length and head and 
shoulder positions, and for children, the 
following can be regarded as a minimum: 

(1) General floodlight: overhead standard 
studio floods consisting of four to six 500 watt 
lamps in unit reflector with each lamp con- 
trolled by a separate switch. 

(2) Main modelling light: one 1,000 watt 
lamp in fully adjustable mobile reflector giving 
indirect illumination. 

(3) Fill-in lights: two 500 watt lamps in 
fully adjustable mobile reflectors for use with 
and without diffusing screens. 

(4) Headlight: one 250 watt lamp in well- 
hooded reflector shining vertically down on to 
the sitter to give tone to the hair and shoulder 
line. 

(5) Spotlights: one 500 or 1,000 watt lamp 
in focusing, fully adjustable mobile spotlight 
for special effects and casting shadows. 

(6) Background light: one 500 watt lamp in 
well-hooded mobile reflector, preferably focus- 
ing, with holder for masks to create various 
background effects. 

As far as possible, the nuisance of having a 
network of power cables straggling over the 
floor, getting under castors and tripping up 
children is avoided by having plenty of switch 
plugs on the studio walls or flush fitted in the 
floor at convenient positions, or, as an alter- 
native, by arranging for cables from the 
various lamps to be connected to a system of 
power sockets hanging just above head level. 
A switch is normally incorporated in the con- 
struction of each lamp. 

The type of camera used will depend upon 
the kind of sensitive material to be employed. 
It is usual to have two cameras, one for children 
and one for adults. The former should be small, 
of reflex *ype, either for sheet or roll film, 
with a fast lens and shutter, and should be 
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SUBURBAN PORTRAIT STUDIO. Scale about I in. - 1 1 feet. 
W, display windows. E, entrance. CR, changing room. R, 
reception room. S. main studio space. LD, special loading 
darkroom for reloading plate holders and storing films and 
plates. DR, general darkroom ; used at night and in the early 
morning for developing, during the day for printing. RT, re- 
touching room, also negative filing room. T, toilet. F, finishing 
room for washing and drying of prints as well as trimming, 
mounting, etc. D§, dispatch and mailing room. The studio uses 
studio and reflex cameras, as well as a roll film twin-lens 
reflex f or child photography 

readily detachable from a lightweight stand 
for mobile work in the hand. The other camera 
should be of conventional studio type of half- 
plate size for plates or sheet film with adapters 
for using smaller sizes if required. It should 
have two lenses, one for portraiture of not 
less than 12 ins. focal length and one of 
6-8 ins. focal length for full length figures 
and groups. The shutter should be internal and 
silent with a cable or pneumatic release at 
least 5 feet in length. The shutters of both 
cameras should be flash synchronized. 

Both cameras should have efficient lenshoods. 

Each camera should have at least two dozen 
slides which should be maintained loaded ready 
for instant use. 

In addition to the sitters’ stool there should 
be available a footstool, a low seat of sufficient 
length to accommodate two or three children, 
a light but substantial table about 3x4 feet 
in size and one or two “props” consisting of 


imitation stone blocks made of cream coloured 
plaster or wallboard on light wooden frames 
which can form pillars, walls, or steps, etc. 
These are minimum requirements. 

Photographing children forms a large part of 
the work of every studio and a good selection 
of toys and novelties should be kept handy. 
It is important to remember that the child 
mind tires rapidly as soon as the novelty of a 
particular plaything wears off, so the wise 
photographer will see that he has something 
fresh to bring out at the critical moment to 
arrest the wandering attention. 

The interior of the studio should be light in 
tone, with no more fittings and accessories 
than are necessary to provide a pleasantly 
furnished appearance. Curtains should be 
either plain or lightly patterned and a second 
opaque pair should be provided for eliminating 
completely all daylight. This is essential if 
colour work is undertaken using stock coated 
for use in artificial (half-watt) lighting. Good 
ventilation is important, particularly during 
peak periods and in warm weather. 

Commercial Photography. The small-town 
studio will have to undertake a certain amount 
of commercial work and, if space is limited. 



COMMERCIAL AND ILLUSTRATIVE STUDIO. Dalgned by 
owner. Scale about I in. «= 19 feet. E, entrance. R, reception 
room for props (used largely in advertising and illustrative 
work). T, toilet. DS, dispatch room. K. storage room. CH, 
chemicals rooms; one is intended for storage, the other for 
mixing solutions. ES, service entrance. Y, film loading room. 
N, negative processing room. KF, filing room for negatives and 
prints. P, positive processing rooms. F, finishing room. PS, 
special printing room for contact prints. The two main pro- 
cessing rooms feed prints from the fixing bath direct to the 
finishing room by means of service hatches. The frontage of 
the studio Is taken up by display windows. 
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some careful planning is necessary to allow 
both types of work to proceed at the same time. 
That does not mean that two operators will 
ever be using the studio at the same time but 
that it should be possible for sitters to be taken 
without disturbing a complicated set-up of a 
subject and without their being distracted by 
its presence. 

For instance, a local engineering firm may 
require a number of photographs to be taken 
of a small mechanism or perhaps a layout of 
tools for a catalogue and because such work 
cannot be hurried it may occupy the studio for 
several days. For normal portraiture to be done 
at the same time, therefore, it must be possible 
to divide the studio by a temporary partition. 
In addition, as the lighting of these subjects is 
usually straightforward, the work can often 
be done with portable units at the opposite 
end of the studio. 

If it is at all possible, however, commercial 
operating should be carried out in a separate 
room because it is essential that sitters should 
be allowed complete privacy while being 
photographed. In addition, this work often 
involves the use of numerous wooden blocks, 
supporting stands, etc., which it is impossible 
to keep tidy. 

In addition to commercial work on his own 
premises, the photographer must be prepared 
to undertake work outside the studio. This 
will include architectural photographs for 
estate agents and surveyors, etc., shop windows, 
local views and factory installations. A pro- 
gressive worker who is the only photographer 
in the district will also be expected to attend 
local functions, photograph people and children 
in their own homes and, in fact, to record any 
event or scene for all manner of private, 
business or official clients. It is not always 
necessary for such work to be done by the 
proprietor; much of it is of a routine character 
which can well be handled by a capable assist- 
ant. But where the work is anything of a pro- 


fessional nature, such as at-home portraiture, 
then the principal generally handles it himself. 
Wedding Photography. Every professional 
studio should be prepared to undertake wed- 
ding photography and must formulate a 
definite policy regarding this work and from 
the outset stick to it. Wedding photography is 
no longer a leisurely profitable task where the 
photographs are taken at the studio and the 
proofs are seen after the honeymoon. Nowa- 
days, it falls broadly into three categories 
according to whether it is carried out by a 
portrait and commercial studio, by specializing 
firms or by press photographers (official or 
freelance). So that in one way or another, the 
professional studio has nowadays to face 
much keen and not always ethical competition. 
Side-lines. It is usual for all but the most exclu- 
sive portraitists to sell a range of films and 
photographic goods and to stock a limited 
number of side-lines. These include frames of 
all kinds, coloured miniatures and often 
pottery and artists’ materials. In addition, the 
small-town photographer will accept amateur 
films for developing and printing. It is a 
mistake, however, for the processing to be 
attempted by a one-man business. Developing 
and printing business is a specialized branch 
which, to be conducted economically, must be 
operated on a large scale by a highly skilled 
fast working team of operators in workrooms 
equipped specially for the purpose. If a studio 
proprietor wishes to handle developing and 
printing because it brings people into his shop, 
then the processing should be put out to one 
of the many firms specializing in the work. 
The same thing applies to retouching, colour- 
ing, framing and perhaps copying. These 
all represent routine work which, for a start, it 
is better to pass on to specialists. J.B1 

Sec also: Commercial photography; Costing; Insurance; 
Prices of commercial photographs; Professional photo- 
graphy; Studio. 

Book: The Business of Photography , by C. Abel (London). 


STYLE. Any medium of artistic expression 
must allow a certain amount of control. The 
peculiar combination of methods favoured, and 
the variation of degree in applying them, pro- 
duce a particular style. The more flexible the 
medium, the more pronounced the style 
possible, because the artist is allowed greater 
scope in selection and emphasis. 

When the style of an artist is well developed 
it shows consistent tendencies — his choice of 
subjects, the particular range and hue of 
colours he favours, his special manner of 
applying the paint, the effects of lighting he 
chooses — and so on. Any one of these things 
on its own would not give him style. But the 
very particular combination of effects he 
favours and the emphasis he gives to each, add 
up to a unique and singular arrangement. Alter 


or vary one of the effects and the sum no longer 
gives the same answer. That is style. 

The medium of photography does not allow 
the same amount of individual control that is 
possible, for instance, in painting. But some 
control is possible; so the photographer can 
achieve a certain degree of style. 

Personal Treatment. There are several ways in 
which the photographer can influence the final 
result of his work and thus create an individual 
style. The first is his choice of subject. He may 
have a liking for portraiture or he may find a 
peculiar attraction to landscapes. He may even 
narrow his outlook to special subjects like 
trees, or yachts, or flowers. (Although such 
narrow specialization tends to limit the range 
of effects at his command and his work is apt 
to become mere record photography.) 
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Next, a tendency to emphasize certain 
features of the subject may equally be some- 
thing individual and singular. One photo- 
grapher may strive to show Nature in his land- 
scapes as rugged and fierce. With the same 
scene before him, another may — by choice of 
viewpoint and careful emphasis — depict Nature 
as delicate and beautiful. This tendency of the 
photographer can be evident no matter what 
subject he chooses. 

He can regulate exposure to concentrate 
interest on the highlights in a picture; or on the 
shadows. 

He can vary or at least select the effect of 
lighting to give the picture depth and shape. 
Or he can go to the other extreme and display 
the subject flatly with no differentiation of 
planes. (Interest then would be concentrated 
on outline rather than form, pattern rather 
than shape.) In the same way he can emphasize 
or play down texture. 

By suitably adjusting both exposure and 
lighting he can introduce predominantly high 
or low key tones with their attendant effects. 

He may arrange the composition to make a 
picture appear graceful and passive. Or he can 
vary it to suggest vigour and movement. 

By focusing he can concentrate interest on 
only one plane, or give an over-all sharpness to 
the picture. Or he can use diffusion to give the 
whole picture softness of outline. 

Even blur caused by camera shake or subject 
movement can be exploited to give a picture 
spontaneity or a feeling of action. 

The photographer who has matured and 
developed a style will use devices such as these. 
But it is his actual selection and combination 
of methods, and the consistent adoption of this 
pattern, that creates his style. It may not be the 
result of a conscious effort, indeed it seldom is. 

The photographer who is not consistent in 
this treatment will generally lack style. He may 
use all these effects, but never in the same way 
with each picture. 

But while style itself is the result of the 
combination of a mass of details, the final 
product can only be general. This special 
pattern of method can only be seen by a broad, 
over-all examination of a photographer's work. 
In fact, it is only its constant repetition that 
makes it style at all. 

Style however should be individual. It is an 
intricate pattern, peculiar to the photographer. 
Copy it and it becomes unconvincing and lacks 
the vitality of sincere art. Its development must 
be spontaneous and not forced, its growth 
natural and unhurried. 

Schools of Style. Just as the individual can 
have style, so can nations or communities. The 
style then is no less individual, but rather are 
the people who contribute to it less individual 
in their outlook. Such a unity of style among 
people is known as a school. 

Photographs from certain countries will 
often show this tendency to a common style. 


It may be the result of national characteristics. 
Or it may be a changing outlook reflecting 
economic and social conditions. 

When just a group of people share a common 
style — although often still with personal 
differences — it is usually the result of a con- 
scious and organized effort. This kind of 
common purpose inspired many of the great 
schools of painting. More often than not it 
begins as a revolt against convention or tradi- 
tion in art. The unified outlook of the group 
then favours the natural development of a style. 

Natural development — that is the essential 
condition of style, whether of the group or the 
individual. And style can only come naturally 
by forgetting about it. 

In a photograph style makes the work 
original, belonging to one photographer and 
not any photographer. It is the stamp of the 
artist that renders a signature unnecessary. 
Indeed, style is frequently the very means by 
which unsigned work is identified. J.D.C. 

See also: Psychology of vision. 

SUBJECTIVE PHOTOGRAPHY. Self-chosen 
name of a contemporary school of pictorial 
photographers with distinct leaning towards 
non-representational patterns. Originated in 
Germany after the second World War and 
allied in outlook to similar movements after 
the first World War. The earlier trend arose 
among amateurs and was more original; the 
later among young professionals and is more 
mature in its products. 

See also: Abstract photography. 

SUB-MINIATURE CAMERA. This class of 
camera includes models which take films 
narrower than 35 mm., such as perforated or 
unperforated 9-5 or 16 mm. cine film. 

Some types take a number of exposures 
(usually 8) on round discs of film about 1 1 ins. 
in diameter. 

A sub-miniature camera is usually much 
smaller than any other type, varying from 
matchbox size to about 4x2x1 ins. Many 
sub-miniatures are derived from spy cameras 
which were popular at the beginning of the 
century. 

Scope. There are two distinct groups of sub- 
miniatures: very simple cameras, and precision 
models. The former are comparable with box 
cameras in performance and standards of 
construction. The precision models incorporate 
all the refinements of a normal precision minia- 
ture. 

The negative sizes of the sub-miniature cam- 
eras range from about £ in. square to around 
i x £ ins. so if the negatives are to be enlarged 
to any degree, the optical and mechanical re- 
quirements have to be very strict. With the 
best instruments of this kind, the largest print 
size for acceptable quality is around whole-plate 
or 6 x 8 ins., but in most cases postcard size 
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SUB-MINIATURE CAMERA. Sub-miniature cameras vary from 
fancy toys to precision Instruments built on the lines of a high- 
class watch. The model shown comes into the latter category, 
and takes 50 exposures 8x11 mm. on unperforated 9*5 mm. 
film in special chargers. A, lens in focusing mount. B, built-in 
filters. C, shutter. D, window in front of lens when camera is 
open. E, shutter release. F, camera lid, extends for use. G, 
viewfinder. H, take-up magazine. I, spring loaded shaft of 
magazine. J, film. K, spring-loaded pressure plate; under pres- 
sure only when camera fully open for shooting. L, film guide, 
keeping film correctly positioned. M, f eed magazine. 

enlargements seem to mark the limit. For this 
reason the simple sub-miniatures are little better 
than toys, and very few models of even the 
intermediate specifications can compare with a 
typical medium priced camera of the normal 
roll film type. 

Features. High-class sub-miniatures are, des- 
pite their small size, fully equipped as serious 
photographic instruments, and are built with 
the precision of a watch. 

Most cameras use film in special cassettes, 
holding up to 50 exposures. These cassettes are 
often made to be reloaded by the photographer 
in his own darkroom. 

The lens generally has a focal length of J to 
1 in., with a maximum aperture in most cases 
around /3-5. Even at full aperture such a lens 
will give a depth of field extending from infinity 
down to about 3 feet. 

The focusing range generally starts as close 
as 20 ins. 


Shutters are mostly of the sector type working 
either in front of or behind the lens, and speeded 
to 1/1000 second. 

Interlocked shutter tensioning and film trans- 
port, and a built-in rangefinder are common 
features on these cameras. Other features some- 
times included are built-in coupled exposure 
meters, built-in filters and automatic film 
transport. 

Systems. Among the sub-miniature cameras 
there is no standard size of negative material 
corresponding to that of the 35 mm. miniature 
cameras. So almost every sub-miniature has its 
own developing tank, film loading accessories, 
enlarger, and so on. These, together with the 
comprehensive range of accessories offered by 
manufacturers of the leading types of sub-minia- 
ture form a self-contained camera and equip- 
ment system akin to that of the classical minia- 
ture cameras. 

See also: Miniature camera; Spy camera. 

SlIB-STANDARD CINE FILM. Narrow gauge 
film (8, 9-5 or 16 mm. wide) for amateur 
cinematography, as distinct from the standard 
35 mm. cine film used for professional motion 
picture work. 

See also: Cine films (substandard). 

SUBTRACTIVE SYNTHESIS. Principle of 
colour photography in which any particular 
colour is formed by the absorption of its com- 
plementary colour from white light— e.g., 
yellow is produced by filtering out the blue 
rays from white light. 

See also: Colour materials; Colour synthesis. 

SULPHIDE TONING. Method of changing 
the colour of the normal bromide print to 
give brown or sepia tones instead of black. 

See also: Toners. 

SULPHURIC ACID. Oil of vitriol. Used in 
reducers and clearing baths. 

Formula and molecular weight: H,SO,; 98. 
Characteristics: Corrosive oily liquid. 

Evolves a great deal of heat when mixed with 
water. The acid should always be poured into 
the water while stirring the mixture, never the 
water into the acid. 

Solubility: Mixes with water in all pro- 
portions. 

SUNK MOUNT. Type of lens mount in which 
the major part of the lens lies behind the lens 
panel instead of projecting in front. Sometimes 
also applied to print mounts with plate mark- 
ings. 

See also: Lens mounts ; Mounts . 

SUNRISE AND SUNSET. Light at sunrise 
and sunset is richer than usual in red and 
orange rays. In effect, the light has already been 
filtered so there is no need for a filter on the 
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camera lens. At such times the light changes 
quickly from minute to minute and any special 
effects need to be anticipated and photographed 
without delay. 

Photographs of the sky at sunrise and sunset 
are apt to be disappointing when seen in black- 
and-white. At the same time much of the beauty 
of the sky can be reproduced by careful 
technique. Generally the exposure should be 
kept to the minimum value; anything like a full 
exposure gives a dense negative and a print that 
lacks the necessary feeling of luminosity. For 
the same reason the negative should be 
processed in a soft-working developer to 
preserve the delicacy of the tone rendering in 
the highlights. 

Panchromatic films are always best for 
photographs taken early or late in the day 
because they are sensitive to red light. Ortho- 
chromatic films are not so suitable because they 
are practically blind to red light and need 
longer exposures than the swiftly changing 
light permits. 

The low angle of the sun’s rays at the 
beginning and end of the day makes a lens 
hood essential. 

See also: Daylight; Sunshine. 

SUNSHADE. Alternative name for lens hood, 
current in the U.S.A. Its use is not limited to 
sunshine, though it is of course most effective 
then. 

SUNSHINE. Direct sunshine is a most difficult 
condition for photography. The saying “No 
sunshine, no picture” is only true where, in 
addition to the direct rays from the sun, there 
is a substantial amount of reflected light to 
illuminate the shadow areas. If there are no 
reflecting surfaces — walls, light-toned masses 
of foliage, white clouds, etc. — the shadows will 
receive very little light, while the parts in the 
sunshine will receive a great deal. 

Tone Range. Under these conditions the ratio of 
the highlight intensity to that of the shadows 
will almost certainly be beyond the range of the 
sensitive material, and the shadows will be 
featureless areas of dense black, while the 
highlights wlU be equally featureless areas of 
blank white paper. 

So the great difficulty about taking photo- 
graphs in direct sunshine is to produce a 
negative that will print both highlight and 
shadow detail at the same time. There are 
several ways of doing this, but if possible the 
problem should be avoided by illuminating the 
shadow areas with a reflector, artificial lighting 
or a flash. If this cannot be done, the extreme 
contrast of the negative may be reduced by 
using special development technique or by 
employing one of the tone control processes. 
In every case it is necessary to expose for the 
shadows because no amount of aftertreatment 
can create detail that does not exist in the 
negative. 


It is not always necessary to reduce the 
extreme contrast of a scene in direct sunshine. 
The photographer sometimes aims deliberately 
at making a print where the shadows are black 
shapes. He may do this to emphasize the 
brilliance of the sunshine, or simply to create a 
black and white pattern in which intermediate 
tones would spoil the effect. 

Generally speaking, the direct light of the 
sun is bad for portraiture, and it should in any 
case be avoided for normal photography when 
the sun is high in the sky and casts short 
shadows. 

Variations in Quality. Sunshine varies in quality 
and strength according to time of year and day, 
and the locality. In Britain it seldom reaches 
the brilliance and warmth of colour that it 
does in many foreign countries. These vagaries 
produce great differences in contrast and 
exposure, particularly in the case of colour 
films, which are frequently rated as being some- 
what higher in speed than is bome out in 
practice here. Thus American, German, 
Belgian and Italian colour materials are pro- 
bably correctly rated in speed for lighting 
conditions in and around their country, but 
this is not necessarily true elsewhere. 

Early and late in the year and/or day, sun- 
shine is weaker in actinic value. Its blue- 
content, however, is greater in the moming, 
and its red-content greater in the evening, 
again facts which influence colour film to a 
marked degree. Snow scenes, cold skies, blue 
flowers, or any subject improved by this extra 
blue should be taken in moming light, and 
warmer subjects towards late afternoon. 

Between 1 1 a.m. and 3 p.m. in June, July, 
and August, sunny scenes should be avoided. 
The sun is then too overhead, giving downward, 
short shadows, devoid of modelling or pic- 
torial interest. Sidelighting at angles of 45 l, -80' > 
to the line of vision is admirable for depicting 
texture on sides of buildings, scenes, and 
objects of all kinds. Oblique back-lighting 
(coming from slightly behind the subject at 
angles of 100°-160° to the line of vision) is 
excellent for isolating the subject from its back- 
ground and “glamorizing” mundane objects. 
It is sometimes difficult to prevent it striking 
the lens from this position, and a lens hood is 
therefore necessary. 

Artificial Sun Effects. Sunshine may be simu- 
lated outdoors by means of flash held well to 
one side of the camera, or indoors by judicious 
placing of lights, with a plain medium-grey 
backcloth or painted cloud-scene if expertly 
executed and rendered out-of-focus. No 
shadows must be allowed to fall on this and so 
reveal the artifice. 

A sunny atmosphere can be strengthened by 
using a diffusion disc on the camera lens, 
thereby spreading the highlights into the 
shadows and softening definition with its halo 
effect. P.J. 

See also: Daylight; Sunrise and sunset. 
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SUPERCOATS. Many sensitized materials 
have a coating of unsensitized gelatin on top of 
the sensitive emulsion. This supercoat is added 
to protect the sensitive layer from physical 
injury, in particular, from abrasion and stress 
marks (visible marks produced on development 
due to pressure on the sensitive emulsion). 

With special materials, like transfer stripping 
films, where the image is to be transferred to 


another support, the supercoat may also serve 
as adhesive layer upon transfer to attach the 
emulsion to the new support. Stripping 
materials are not always manufactured with 
such an adhesive layer. 

High resolution materials and films and 
plates intended for photographing ultra-violet 
radiation never have a supercoat ; in the latter 
case it absorbs ultra-violet. 


SUPPLEMENTARY LENSES 


Extra lenses used to change the focal length 
of the camera lens. They are usually fitted in a 
mount so that they will slip, clip, or screw on to 
the front of the camera lens like a filter. 
Positive Supplementary Lenses. A popular way 
of photographing close-up subjects is to shorten 
the focal length of the camera lens by using a 



USE OF POSITIVE SUPPLEMENTARY LENS. Top: At medium 
subject distances, the image of a smaller subject becomes 
very small on the film. Centre: The closest focusing distance of 
most cameras is still in the region of 3-4 feet. At this range the 
subject may still be too small in the picture. Bottom: A 
positive supplementary lens enables the camera to approach 
the subject closer for the same focusing movement of the 
camera lens. This focusing movement now covers a continuous, 
but limited range of near subject distances, the farthest of 
which ( with the camera lens set to infinity) is equal to the focal 
length of the supplementary lens. 


positive supplementary lens in front of it. When 
the focal length of the lens is shortened in this 
way, the camera must be brought closer to the 
subject to focus it sharply, and this auto- 
matically gives a bigger image of the subject. 

There are two methods of focusing with 
positive supplementary lenses: 

(1) If the camera lens is set at infinity, adding 
a supplementary lens focuses it on objects at a 
distance equal to the focal length of the 
supplementary lens. A 50 cm. supplementary 
lens added to any camera lens focused on 
infinity will focus the camera on objects 50 cm. 
in front of it. 

This method of focusing does not require a 
focusing screen, so it is a popular method of 
extending the range of fixed focus cameras and 
those which focus by scale alone. It is a simple 
device for adapting fixed focus cameras for 
portraiture, and supplementary lenses sold for 
this purpose are called portrait attachments. 

So long as the subject is at a distance exactly 
equal to the focal length of the supplementary 
lens, the image will be sharp. The disadvantage 
of working close to the subject in this way, 
however, is that it tends to distort the pro- 
portions of the subject. 

(2) With screen focusing cameras (including 
single lens reflex types) the supplementary lens 
may be used over a range of subject distances. 
In this case the camera is focused by examining 
the image on the screen in the usual way, the 
only difference being that it now works closer 
to the subject and gives a bigger image than 
with the normal taking lens alone. 

Used in this way the greatest subject distance 
is given with the camera lens set at infinity, 
when the subject distance is equal to the focal 
length of the supplementary. The normal focus- 
ing extension then enables the camera to be 
focused for distances less than this. 

Even if the camera is not equipped with a 
focusing screen, its normal focusing extension 
can still be utilized for close-ups at distances 
less than the focal length of the supplementary. 
Under these circumstances the distance 
focused sharply for any point on the focusing 
scale is given by the expression: 

d = -Hi- 

u + s 
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WIDE-ANGLE SUPPLEMENTARY LENS. A positive supple - 
mentary lens shortens the focal length of the camera lens. The 
combination covers a larger angle of view, yields smaller 
image scale, and needs reduced bellows extension. 

where d = the actual distance focused on 

s = focal length of supplementary lens 
u = scale setting of camera lens. 

Example: if the camera lens focusing scale 
is set at 3 feet (36 ins.) and the supplementary 
lens has a focal length of 24 ins., adding the 
supplementary lens will enable the camera to 
focus on (36 x 24)/(36 + 24) ins. — i.e., 864/60 
= 14-4 ins. 

Wide-angle Conversion. The fact that a positive 
supplementary lens shortens the focal length 
of the camera lens makes it suitable as a wide- 
angle attachment. 

Such a combination can of course only be 
used with a camera where the bellows move- 
ment permits the lens to be racked back nearer 
to the negative. The effective focal length of 
the combination is (s x f)/(s + f), s and f 
being the focal lengths of the supplementary 
and camera lens respectively. 

In practice the optical quality of such a wide- 
angle combination is not very good, and the 
image is likely to show appreciable distortion 
near the edges of the held. 

Negative Supplementary Lenses. A negative 
(diverging) supplementary lens increases the 
focal length of the camera lens. The new focal 
length of the combination is given by the 
expression (s x f)/(s — f) where s is the focal 
length of the supplementary lens and f, the 
focal length of the camera lens. 

This means that it is not possible to focus an 
image sharply unless the lens is moved farther 
away from the plate. When the lens-plate separ- 
ation is equal to the new focal length — i.e., 
(s x f)/(s — f) — objects at infinity will be in 
sharp focus. For nearer objects, the lens must 
of course be moved farther out still. 

Because the negative lens increases the focal 
length of the camera lens it automatically 
reduces the field covered — actually, in the ratio 
t : (s-f ). In other words it sees less of the subject 
in front of the camera. And since less of the 
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subject now occupies the same picture size, it is 
presented on a magnified scale. 

So, without moving the camera position, a 
negative supplementary lens can be used to 
magnify the scale of the image. The increase in 
image size is proportional to the increase in 
focal length — i.e., it increases in the ratio 
s : (s - f). 

Example: if the negative supplementary lens 
has a focal length of s = 12 ins. and the camera 
lens a focal length of f = 6 ins., the focal length 
of the combination will be (12 x 6)/( 1 2 — 6) 
= 1 2 ins. And the increase in scale of the image 
will be 12/(12 - 6) = 12/6 = 2— i.e., the 
supplementary lens will double the size of the 
image obtained with the normal lens alone. 

But a negative supplementary lens can only 
be used to give a bigger image in this way if the 
camera will extend far enough to allow for the 
increased focal length. Furthermore, the 
aberrations introduced by adding an un- 
corrected lens become serious at magnification 
over about 2 x — i.e., where the focal length of 
the supplementary lens is less than twice the 
focal length of the camera lens. 

Effect on /-number. For most practical 
purposes it can be assumed that a positive 
supplementary lens when used for close-up 
work with the camera lens set at infinity does 
not affect the /-number of the camera lens. 
This must be so because the size of the stop 
remains the same and the lens-plate distance — 
i.e., the effective focal length — is unchanged. 
(Neither of these assumptions is quite true, but 
the error is not normally appreciable.) 

But if the combined lens is focused on distant 
objects, the /-number of the camera lens must 
be divided by (s + f )/s to give the true relative 
aperture. A camera lens of / = 6 ins. used with 
a supplementary of 20 ins. would thus have its 
effective aperture divided by (20 -f 6)/ 20 
36/20 1-3 — i.e., at / 8, the true relative 



NEGATIVE SUPPLEMENTARY LENS. Increases focal lenfth of 
camera lens. Combination yields larger scale images at given 
distance, covers smaller angle, and needs increased bellows 
extension on camera to retain sharp focus. 
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APPROXIMATE FOCUSING DISTANCES WITH POSITIVE SUPPLEMENTARY LENSES (INCHES) 


Setting of 
Camera 
Lens (feet) 

90 

200 

OS 

60 

ISO 

067 

Focusing Distance for Focal Length of Positive Supplementary Lens 
S3 40 32 26| 20 16 /3f 114 

133 100 80 67 SO 40 33 285 

0 75 / 1-25 IS 2 2 5 3 3 5 

10 Inches 
25 cm. 

4 diopters 

<D 

B0 

60 

53 

40 

32 

261 

20 

16 

13 

1 

10 

100 

75 

57 

51 

39 

31 

26 

191 

l5 t 

13 

t hi 


SO 

70 

55 

49 

371 

301 

251 

191 

1 st 

13 

l >'1 

9| 

25 

63 

50 

65 i 

35 

29 

241 

191 

151 

12, 

11 


20 

60 

48 

43J 

34 

2B1 

24 

181 

15 

12 

10) 

»l 

15 

55 

45 

41 

32 

27 

231 

18 

hi 

12 

1 >01 

»5 

12 

51 

in 

391 

31 

26 

221 

171 

14, 

12 

[ ioI 

»i 

10 

40 

40 

37 

30 

241 

22 

17 

14 

12 

lOl 

»f 

8 

44 

37 

34 

2B1 

24 

21 

161 

131 

Hi 

1 ItH 

9 

7 

41 

35 

321 

27 

231 

201 

16 

131 

ii 

1 10 

81 

6 

38 

33 

301 

25f 

22 

191 

151 

13 

uj 

91 

81 

5 

34 

30 

2B1 

24 

21 

IB1 

15 

121 

102 


8 I 

4 

30 

261 

251 

211 

191 

17 

14 

12 

lOj 

91 

8} 

3 

25 

221 

211 

19 

17 

151 

12} 

II 

9{ 

1 et 

71 


The Figures are rounded off to the nearest t-ln. up to 15 ins., to the nearest J-in. up to 30 ins., to the nearest ^-in. up to 
50ins., and to the nearest inch above 50 ins. 


APPROXIMATE FOCUSING DISTANCES WITH POSITIVE SUPPLEMENTARY LENSES (CENTIMETRES) 


Setting of Focusing Distance for Focal Length of Positive Supplementary Lens 

Camera Lens 200 ISO 133 100 90 67 50 40 33 28 5 25 cm. 

(metres) 0-5 0-67 075 I 125 1-5 2 2 5 3 3 5 4 diopters 


ID 

200 

150 

133 

100 

80 

67 

50 

40 

33 

285 

25 

25 

185 

141 

126 

96 

77 

65 

49 

39 5 

32-5 

20 

24-7 

15 

177 

136 

122 

94 

76 

64 

48-5 

39 

32-5 

20 

246 

12 

172 

133 

120 

92 

75 

63-5 

48 

38 5 

32 

20 

24-5 

10 

167 

130 

lie 

91 

74 

63 

47-5 

30-5 

32 

27-5 

24-4 

7 

155 

124 

112 

88 

72 

61 

465 

30 

31-5 

275 

24-2 

5 

143 

1 15 

105 

83 

69 

59 

45-5 

37 

31 

27 

23-8 

4 

133 

109 

100 

80 

67 

57 

44 5 

36-5 

305 

26-5 

23-5 

3 

120 

100 

92 

75 

63 

55 

43 

35 

30 

26 

23- 1 

2 

100 

86 

80 

67 

57 

50 

40 

335 

285 

25 

22-2 

1-6 

89 

77 

73 

62 

54 

47 

38 

32 

275 

24 

21-6 

1-2 

75 

67 

63 

55 

40 

43 

35 

30 

26 

23 

207 

1 

67 

60 

57 

50 

44-5 

40 

335 

28-5 

25 

22 

20 

0-0 

57 

55 

50 

42 

40 

365 

31 

26 5 

23-5 

21 

19 


The figures are rounded off to the nearest 01 centimetre up to 2 5 centimetres, to the nearest 0-5 centimetre up to 50 
centimetres, and to the nearest centimetre above 50 centimetres. 


APPROXIMATE SCALES OF REPRODUCTION WITH SUPPLEMENTARY LENSES 


Focal Length 
of Camera 
Lens 

Inches cm. 

80 

200 

05 

Scale of Reproduction with Supplementary Lens of Focal Length 
60 S3 40 32 26\ 20 16 

ISO 133 100 80 67 SO 40 

0-67 0-75 1 1 25 IS 2 25 

9 

3 

n» 

285 
3 5 

10 inches 
25 cm. 

4 diopters 

2 

5 

0025 

0033 

0030 

0-050 

0-063 

0-075 

0-10 

013 

0-15 

010 

0-20 

2* 

625 

0 031 

0 042 

0 047 

0063 

0-07B 

0-094 

0 13 

0 16 

0-19 

0-22 

0-25 

3 

7-5 

0-038 

0050 

0-057 

0-075 

0-094 

0-1 1 

015 

0-19 

0-22 

0-27 

0-30 

3* 

9 

0044 

0-058 

0066 

0-088 

0-1 10 

013 

C-iE 

0-22 

0-26 

0-3 

035 

4 

10 

0050 

0-067 

0075 

0 100 

0-125 

015 

020 

0 25 

0-30 

0-35 

0-40 

4* 

11-2 

0057 

0-075 

0005 

0-112 

0-140 

0-17 

0-2^ 

0-20 

0-34 

0-39 

0-45 

5 

12-5 

0062 

0-083 

0094 

0-125 

0-156 

0-19 

0-25 

0-32 

0-30 

0-43 

0-50 

5* 

13-7 

0069 

0-090 

0 104 

0-138 

0-172 

0-21 

0-28 

0 35 

0-42 

0-47 

0-55 

6 

15 

0075 

0 100 

0-113 

0-150 

0-188 

0-23 

0-30 

0-30 

0-45 

0-53 

0-60 

7 

17*5 

0-088 

0-117 

0-132 

0-175 

0-219 

0-26 

0-35 

0-44 

0 51 

0-61 

0-70 

8 

20 

0 100 

0-133 

0-151 

0-200 

0250 

030 

0-40 

0-50 

060 

0-70 

0-80 

10 

25 

0-124 

0-166 

0-189 

0-250 

0-313 

0-38 

0-50 

0 63 

0-75 

0-08 

100 

12 

30 

0-150 

0-200 

0-216 

0-300 

0375 

046 

0-60 

075 

0-90 

1-05 

1-20 


The scale of reproduction is the ratio of object size-image size. Thus values smaller than I are reductions, larger than I 
are magnifications. 

The table holds good for a camera lens set at infinity. 
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aperture would be (8 x 2)/3 = 16/3 = / 5-3. 
In practice, this theoretical increase in aperture 
is offset by light losses and aberrations. 

A negative supplementary changes the /- 
number of the camera lens in proportion to the 
increased lens-plate separation. So the /- 
number of the camera lens must be multiplied 
by s/(s — f) — i.e., in the example for a negative 
lens the /-number would be multiplied by 
12/(12 — 6) = 2. So that the supplementary 
lens in this case doubles the /-number. Doub- 
ling the /-number e.g., from / 8 to/ 16 — calls 
for a 4x increase in exposure which is another 
limitation of the method. 

Definition. Supplementary lenses are generally 
simple uncorrected elements of the spectacle 
lens type — i.e., with both surfaces curved. Such 
additions upset the corrections of the camera 
lens and introduce most of the aberrations in 
some degree. So the camera lens must always be 
stopped down to give a sharp image right to the 
comers of the plate. Even when stopped down, 
the definition is never as good as with the 
camera lens alone. 

Meniscus leases — i.e., with one convex and 
one concave surface — give distinctly better 
definition than the spectacle (biconvex or bi- 
concave) type and are generally meant to be 
fitted with the concave side to the subject 
Corrected Supplementary Lenses. Fully cor- 
rected supplementary lens assemblies are 
supplied by some manufacturers for providing 
a range of focal lengths in conjunction with a 
permanent rear lens element and shutter 
system. These give the equivalent of a set of 
interchangeable lenses of short, normal, and 
long focal length for the cost of what is virtually 
a set of three corrected supplementary lenses 
and a fixed camera lens. To change from one 
focal length to another, the front component 
is simply unscrewed and interchanged, leaving 
the back component, shutter and diaphragm 
undisturbed. 

A corrected supplementary lens is also used 
in an accessory which converts an ordinary 
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camera into a coupled rangefinder focusing 
type. 

The device consists of a supplementary lens 
assembly with front-cell focusing coupled to a 
split-image rangefinder. The camera lens is set 
at infinity and the supplementary assembly is 
fitted in front of it. Under these conditions, 
operation of the coupled rangefinder auto- 
matically focuses the camera on the object 
ranged upon. 

Supplementary lens assemblies of the types 
described above are highly corrected and 
capable of giving definition equal to that of a 
normal camera lens. 

Use With Twin-Lens Reflex Cameras. Sup- 
plementary lenses can be used with twin-lens 
reflex cameras provided that both viewing and 
taking lenses are fitted with identical sup- 
plementaries so that the image on the viewing 
screen is exactly the same as the image on the 
film. Some manufacturers of twin-lens reflex 
models supply special sets of matched positive 
and negative lenses for their own cameras. 
Scale of Reproduction. The scale of repro- 
duction with supplementary lenses is given by 
the equation: 



where M = Scale or reproduction (image size- 
object size) 

F = Focal length of camera lens 
S = Focal length of supplementary 

provided the camera lens is focused on infinity. 
In this case the focal length of the camera 
lens must be known; in all other supplementary 
lens calculations, it is unnecessary. 

Both focal lengths must be measured in the 
same units. Where the power of the supple- 
mentary lens is stated in diopters the reciprocal 
of the number of diopters is equal to the focal 
length in metres. L.A.M. 

Sec also: Close-ups; Extension of camera; Macro photo- 
graphy; Optical calculations. 

Book: Photographic Optics , by A. Cox (London). 


SUPPORTS FOR EMULSIONS. Two main 
types of support are used for negative emul- 
sions: glass plates and celluloid film. Both are 
transparent and allow the negative to be 
printed by contact or projection. 

Positive emulsions are coated on paper, film 
and glass plates. 

Paper is occasionally also used for making 
the sensitive materia) known as negative card 
because of its cheapness. 

Various plastics, transparent and opaque, 
are also used as support for special sensitive 
materials. 

Glass Plates. Photographic plates consist of a 
support of flat glass plate coated with the 
sensitive emulsion. As a rule, the larger the size 
of the plate, the thicker the glass. 


The advantages of glass as an emulsion 
support are dimensional stability and chemical 
inertness. 

Glass plates do not stretch or curl during 
processing. They are therefore used in prefer- 
ence to films where high dimensional accuracy 
is required, as in photogrammetry, aerial 
survey, and certain types of astronomical 
photography. 

Plates are also used when making colour 
separation negatives where the images are later 
to be combined in exact register. 

The glass support is chemically neutral and 
unaffected by all solutions used in photographic 
processing. As glass does not decompose or 
deteriorate in storage, emulsions coated on it 
keep better than on any other support. 
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PLATE SIZES AND THICKNESSES 


Nominal Sizes Average Thickness 


ins. 

cm. 

ins. 

mm. 

Smaller chan 

2* x 3* 

6x9 

004 

1-0 

2* x 3* 

6x9 

0-05 


CO 

co 


1-3 

4x6 

10 x IS 

0-05 


4! x 6* 

12 x 16-5 

0-06 


CO 

CO 


1-5 

e x io 

20 x 25 

006 


9* x 111 

24 x 30 

008 


CO 

CO 


2-0 

12 x 15 

30 x 38 

0-08 


16 x 16 

40 x 45 

0-11 


CO 

CO 


28 

20 x 30 

50 x 76 

0-1 1 


Laraer chan 

24 x 30 

61 x 76 

0 13 

3 3 


The disadvantages of glass are its thickness, 
weight, low adherence of emulsion and the fact 
that it is easily broken. 

Because of the thickness of the glass, it is not 
possible to reverse the plate in contact printing 
to give a transposed positive, since the positive 
image would no longer be sharp. This is a dis- 
advantage in certain transfer processes. When 
a plate negative is reversed in the enlarger, the 
plane of the emulsion moves out of focus by 
the thickness of the glass. This shift must be 
allowed for if the plate is being enlarged in an 
automatic focusing enlarger. 

Plate negatives are more likely to show 
halation than films, because the greater thick- 
ness of the glass support allows the light 
reflected from the back surface to scatter over a 
wider area. 

Gelatin emulsions do not adhere as well to 
glass as they do to celluloid. When the emulsion 
on a glass plate has been wetted, it is more 
likely to frill and leave the support near the 
edges, so glass plates call for more care in 
handling and processing. 

Plates are fragile and relatively heavy so they 
are more troublesome to transport and store 
than films. 

Because of these disadvantages sheet film is 
steadily taking the place of glass for general 
purpose materials, particularly in the U.S.A. 
The present tendency is to use plates only where 
high dimensional stability is of first importance. 
Film Materials. Film negative material consists 
of a sensitive emulsion coated on sheets or rolls 
of thin, flexible, transparent material. 

Advantages of film supports are flexibility, 
thinness and low weight. 

Films can be handled and processed without 
fear of breakage. They can be bent and rolled, 
and they lend themselves to film-changing 
systems which are far more reliable and con- 
venient than any of the methods possible for 
changing glass plates. Film negatives will bend 
easily to fit the curved focal plane used on some 
cheap cameras with the idea of producing 
reasonably sharp negatives from lenses un- 
corrected for spherical aberration. They are 


used in certain special scientific cameras and 
in panorama cameras where curved focal 
planes are sometimes necessary for other 
reasons. 

Flexible film is the only practicable material 
for cinematography. 

Film supports are thin enough to be used 
either way round in the camera or in enlarging 
or projection apparatus without calling for an 
appreciable change in focusing adjustment. 
This is important in such work as colour 
photography where the negative may have to be 
exposed through the support. 

Film negatives are less affected by halation 
than plates because light passing through the 
emulsion and film support travels only a short 
distance before it is reflected by the back of the 
support. 

Films are so much lighter than the equivalent 
number of glass plates that they are very much 
easier to store and transport. This is one of the 
principal reasons for the greater popularity of 
films. 

The disadvantages of film are low dimen- 
sional stability and liability to decomposition. 

The commonly used types of film base 
stretch when they get wet during processing. 
They do not stretch evenly in all directions, 
and do not always go back to their original 
shape when dry. Certain special types of film 
base with high dimensional stability are, 
however, made for use in photogrammetry 
and similar special fields. 

Types of Film Base. For many years the main 
type of film base in general use was cellulose 
nitrate film. This had the advantages of great 
strength and comparatively high dimensional 
stability, but the serious drawback of being 
highly inflammable and even explosive. Be- 
cause of its dangerous nature certain legal 
requirements covered its storage and use in 
quantity. With the advent of acetate and other 
chemically more stable film supports, cellu- 
lose nitrate gradually went out of use, and is 
today completely obsolete. 

The most important current film bases are 
the range of cellulose acetate and polyacetate 
compounds on the one hand, and various 
polymerized plastics on the other. While these 
still burn under suitable conditions, they will 
not do so easily; the fire risk is usually less 
than for an equivalent weight of paper. 

Cellulose tri-acetate is the commonest film 
base for general use today, forming the support 
for most roll, sheet, and miniature films, as 
well as standard and narrow-gauge cine film. 
While this is not quite as strong nor quite as 
stable dimensionally as the old nitrate film, it 
does not lag far behind. Cellulose tri-acetate 
is the successor of the earlier types of acetate 
film — originally referred to as safety film to 
distinguish it f rom cellulose nitrate — which was 
inferior in dimensional stability and strength. 

Tri-acetate film is made in thicknesses from 
0 003 to 0009 ins. (008 to 0-22 mm.). 
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Graphic arts, photogrammetry, and other 
special fields require still more stable film 
bases, and a wide variety of polymerized com- 
pounds have been tried. 

At present the main supports to achieve 
success are polystyrene, polycarbonate, and 
polyester films. The latter in particular surpass 
nitrate film in toughness, and in certain cases 
approach glass in dimensional stability. Further 
advantages of some polymer plastics are in- 
creased resistance to creasing, reduced absorp- 
tion of moisture, and consequently more rapid 
drying after processing. 

Paper. The great advantages of paper as an 
emulsion support are that it is cheap, flexible 
and light in weight. 

Its principal disadvantages are that it is easily 
torn and'damaged, is apt to change its size and 
shape when it is processed, and is difficult to 
free from chemical impurities. 

The last objection is largely overcome by the 
baryta coating which most photographic paper 
receives in manufacture before being coated 
with the sensitized emulsion. 

The thickness of the paper base varies 
according to its purpose. 

Other Supports. Although cellulose acetate 
and polymerized plastics are the commonest 
bases, other materials, both flexible and rigid, 
are occasionally used. 

Opaque supports, which are printed either 
by reflex methods or projection, include steel, 
aluminium — which must have a protective 
coating to prevent interaction between the 
emulsion layer and the support — resin-impreg- 
nated glass cloth and white plastics used for 
reversal colour print materials. 

Transparent supports include nylon-type 
plastics for plates. L.A.M. 

See alio: Sizes and packings. 

SURFACE DEVELOPMENT. During the pro- 
cess of development the image may either form 
first at the surface of the emulsion and gra- 
dually penetrate deeper, or it may come up 
simultaneously throughout the depth of the 
emulsion layer. The first is surface development, 
the second, depth development. 



SURFACE AND DEPTH DEVELOPMENT. L«ft: Surface deve- 
topers confine their action largely to C/ie upper part of the 
emulsion layer. Rifht: Depth developers work in the whole 
emulsion and may bring out irradiation. 


SUR 

The mechanism of the process depends on the 
composition of the developer. 

With rapid acting developing agents (e.g., 
metol, para-aminophenol, etc.) the developer 
acts as soon as the solution reaches the surface 
of the emulsion layer. It therefore builds up a 
surface image of appreciable density before 
penetrating deeper. 

With slow-acting developing agents (e.g., 
hydroquinone) the developer begins to reduce 
the silver halide only after a certain induction 
period, by which time the solution has pene- 
trated fully into the emulsion layer. The 
image therefore builds up gradually throughout 
the depth of the layer. 

Because of irradiation, the image tends to 
be more blurred below the emulsion surface. 
Provided development is stopped early enough, 
surface developers largely ignore the blurred 
deeper image, and therefore yield images of 
higher resolution than depth developers. In a 
similar way, surface developers also help to 
minimize halation (which first affects the 
deepest areas of the emulsion). On the other 
hand, the contrast and maximum density 
obtainable at the surface are limited, so the 
depth developers yield negatives of the greater 
density range. 

See also : Physical development. 

Book: Developing, by C. I. Jacobson (London). 

SURGICAL PHOTOGRAPHY. Photography 
is used in hospitals for “before-and-after” 
records of surgical cases, and both still and 
moving pictures are taken in the actual operat- 
ing theatre. 

See also: Dental photography; Medical photography; 
Medical radiography; Ophthalmic photography . 

SURVEYING PROPERTY. Apart from 
specialists engaged in map making or mining, 
the bulk of surveyors are concerned with land 
in its broadest sense. “Land” in its accepted 
legal meaning includes not only the ground but 
all buildings or erections thereon. In general 
the professional surveyor is concerned with 
land and what is on it, its location, value, 
design, construction, condition and use. 
Photographic Records. Since he is invariably 
occupied with on-the-spot recording of facts, 
it is not unnatural that the surveyor finds a 
great deal of use for the camera as a means of 
making records to supplement his written 
notes. With few exceptions he uses either a 
folding roll film camera or a 35 mm. miniature. 

On arrival at the building to be surveyed he 
will probably walk round the outside to get a 
general idea of the property and take photo- 
graphs of the exterior elevations. He will not 
trouble much about the lighting; his concern is 
simply to make records in accordance with a 
set routine. The survey invariably starts with 
the roof and works down. The surveyor writes 
down a description of each part of the building 
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he visits and notes dimensions, condition, 
features and defects, and uses the camera to 
augment his notes — e.g., he will probably 
photograph the roof, taking one or two general 
views, and will take close-up pictures of any 
defects such as fractures to the chimney stacks. 
In this way he then goes through the building 
from the attic to the cellar recording data. 

On all interior pictures he uses a tripod and 
gives a time exposure because auxiliary lighting 
is bulky to carry (and, in any case, many 
buildings will be vacant and have their elec- 
tricity disconnected). Each room, however 
small, requires some minutes to inspect and 
record, and the time exposure technique works 
very well since a small stop and an exposure of 
a minute or so removes any real problems 
except in very dark interiors. It is even possible 
to leave the camera on the tripod with the 
shutter open for 10 minutes or so while con- 
tinuing the survey of another floor. 

When the survey is finished it is usual to 
take an exterior “prestige” picture to show the 
building to best advantage. 

Presenting the Information. At the office the 
film is developed. Roll films are generally 
contact printed, and 35 mm. films enlarged 
to quarter-plate. Then, from his written notes 
and his photographic prints, the surveyor 
compiles his report. This report, a typed, 
bound and signed document, is handed to the 
client requesting the survey. It is supplemented 
with drawings and plans, but generally in- 
cludes only one “prestige” photograph. The 
other prints are indexed and dated and filed 
with the written notes, and are not shown to the 
client unless for some specific reason. This is 
because the report deals with all the factors 
affecting a property and an odd photograph of 
one part might mislead rather than help the 
client. The “prestige” picture, however, pre- 
cedes the written matter in the report folder and 
helps the client to understand the written part. 

Shop premises often depend for their value 
more on their location than any other type of 
property, so it is usual to include in the 
survey photographs of both sides of the 
street. With a miniature camera using a short 
focal length lens it is possible to include about 
four shops in each oblique shot and a thirty-six 
exposure cassette usually holds enough to 
cover most thoroughfares. The film can then 
be printed as a positive film strip by contact or 
better still, by projection. The leader strip can 
be marked with the date and the name of the 
road. This film strip can be run through a pro- 
jector to show the whole of the main shopping 
thoroughfare to a prospective buyer of the pro- 
perty offered. M.H.T. 

See also: Architecture ; Interiors; Photogrammetry. 

SUTTON, THOMAS, 1819-75. English writer 
on photography. Encouraged by Prince Albert 
and partnered by Blanquart-Everard, he 
established a photographic printing works in 


Jersey (1855). Started the periodical Photo- 
graphic Notes in 1856. Patented the first reflex 
camera in 1861. 

SWAN, SIR JOSEPH WILSON, 1828-1914. 
English inventor, chemist and photographic 
manufacturer. Perfected the pigment printing 
(carbon) process in 1864 by introducing single 
and double transfer (Autotype Process) and 
used it for the production of copper plate 
printing plates and for electrotyping from 
hardened gelatin reliefs. Also worked out a 
“photomezzotint” printing process. In 1879 
undertook the manufacture of gelatin silver- 
bromide dry plates for photographic and photo- 
mechanical work and of bromide papers. In- 
vented the carbon filament lamp. Biography 
by M. E. and K. R. Swan (London 1929). 

SWEDEN. It is only in recent years that photo- 
graphy has really made its presence felt in 
Sweden. A great interest in photography had 
always existed and, as in other lands, it en- 
tered into all spheres of human activity. But 
not until after World War II was photography 
acknowledged as an essential cultural factor. 
The Past Photography arrived in Sweden soon 
after its discovery. In the autumn of 1839 the 
description of Daguerre’s invention was 
published in a Swedish translation. The first 
portrait studio in Sweden was opened in 
August, 1841 by J. A. Seven. At the beginning 
of the 1840’s Sweden was visited by many 
foreign photographers and among them was the 
Frenchman Derville, photographer of King 
Oscar I who came to the throne in 1 844. The 
picture of the king embossed on the coins of the 
day was a copy of one of Derville’s photo- 
graphs. 

The oldest portrait studio now in existence, 
the Studio Jaeger in Stockholm, was founded 
by the German photographer Johannes Jaeger 
in 1853. Under the direction of court photo- 
grapher Herrman Sylwander (1883-1948). the 
studio was especially popular with royalty and 
society. 

Another internationally known photo- 
grapher, Ferd. Flodin (1865-1935) was for a 
large number of years one of the foremost 
champions of artistic portrait photography. 
One of the greatest fighters for the cause of the 
professional photographer was court photo- 
grapher Emest Florman (1862-1952), a founder 
of the Swedish Photographers’ Association in 
1895, and its president for thirty-six years. 

The best-known names in Swedish photo- 
graphy were Henry B. Goodwin (1878-1931) 
and Jan de Meyere (1880-1950). Henry B. 
Goodwin was bom in Munich and for several 
years was lecturer on German at Uppsala 
University. He first became interested in 
photography as an amateur but he later 
opened a portrait studio in Stockholm and 
attracted a lot of attention through the ex- 
cellence of his portraits. Dr. Goodwin pub- 
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iished several books and often gave lectures; 
he spoke before the Royal Photographic 
Society in London and was a member of the 
London Salon of Photography. 

Jan de Meyere was a Dutchman and came to 
Sweden in 1914. At first he was concerned only 
with painting, sculpture and handicrafts, but 
eventually photography took his whole in- 
terest and during the 1930’s he was the best- 
known portrait photographer in Stockholm. He 
was the first in Sweden to work in high key 
and his pictures soon became known through- 
out the world. He took part in nearly all the 
international exhibitions, and he too was a 
member of the London Salon of Photography. 
Present-day Activities. Today photography is 
accepted as a means of artistic expression, a 
view supported by the big daily newspapers, 
where mention is made of exhibitions and 
newly published books — by foreign as well 
as Swedish photographers — and by the princi- 
pal museums of art, where permanent collec- 
tions of photographs are being built up. 

Since 1945 a leading newspaper, Svenska 
Dagbladet — Sweden’s Times — has presented a 
gold medal and a large money prize for the 
year’s best photography. The authorities have 
also taken notice of photography and in 1954 
photographers were included among those 
entitled to the cultural scholarships presented 
by Stockholm’s municipal authorities. Pre- 
viously only artists, composers, actors and 
authors received such scholarships. 

In 1954 scholarships worth £500 were given 
to two photographers, and the Sweden-America 
Foundation awarded a photographer $1,500 
to study in America. Other institutions and 
associations and the Swedish Photographers’ 
Association give scholarships to professional 
photographers. 

There are several municipal training schools 
for photographers and the Swedish Photo- 
graphers’ Association arranges courses at the 
National Institute for Handicrafts in Stock- 
holm. 

Many of the Swedish news-photographers 
cover the whole world and their work is 
published, not only in the Swedish magazines, 
but in the world’s press. The production and 
appreciation of good photographs is also 
helped by the large number of books on photo- 
graphy published every year. 

On the initiative of the Swedish Society of 
Industrial Design, and a textiles factory, some 
photographers have prepared purely photo- 
graphic textile patterns — i.e., picture combina- 
tions that give a pattern effect. 

Exhibitions and Collections. The Swedish photo- 
graphers often arrange their own exhibitions 
and participate in the various international 
photographic exhibitions with great success. 
Special attention has been paid to the work 
of the younger photographers, and when 
Edward Steichen gave his exhibition of Euro- 
pean post-war photography at the Museum of 
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Modem Art in New York in 1953 Swedish 
photographers were well represented. 

The Royal Institute of Technology in Stock- 
holm has a large and modem institution for 
scientific photography. This scientific institu- 
tion was previously under the direction of John 
Hertzberg (1871-1935), who became world 
famous in 1930 when he developed the nega- 
tives from S. A. Andrde’s polar expedition of 
1898. All the members of the expedition 
perished and for thirty-two years the films 
lay in the expedition’s last camp. Thanks to 
John Hertzberg's achievement a great and 
unique collection of photographs was made 
available to the world. 

At the Museum of Technology in Stockholm 
there is a large historical collection, both of 
photographic apparatus and pictures, among 
which are included several photographs by 
Hill and Talbot. In Stockholm City Museum 
and in several others too there are large photo- 
graphic collections. 

Industry and Professional Photography. Sweden 
imports photographic material and apparatus 
to the value of about £2 million yearly. The 
country’s only factory for the manufacture of 
photographic material is Ceaverken, in 
Strangnas. The factory, which was started in 
1939 manufactures chiefly X-ray film, but 
also produces a certain amount of photo- 
graphic paper. 

There are a large number of photographic 
organizations in Sweden. The professionals’ 
organization is the Swedish Photographers’ 
Association; the country’s 173 photographic 
clubs come under the National Association of 
Swedish Photography, which has 8,000 mem- 
bers; there is a Press Photographers’ Club, 
founded in 1930; and there is also a special 
organization for the picture agencies that sell 
photographs to the press. The photo-dealers 
have an association, and the importers have 
their Photo-Contractors’ Union. The Scan- 
dinavian professional photographers’ organiza- 
tions are united in the Scandinavian Photo- 
graphers’ Association. 

The principal Swedish magazines are Nordisk 
Tidskrift for Fotografi and Foto, which mainly 
cover pictorial photography, but also include 
technical news and reviews. K.S. 

SWING BACK. Back of a screen-focusing 
camera hinged so that it can be turned at an 
angle to the vertical — and often the horizontal 
— axis of the camera to improve the perspective 
of the image and extend the depth of field 
covered sharply by the lens. 

Sec also: Camera movements. 

SWING FRONT. Lens panel of a camera 
hinged about its vertical — and sometimes 
horizontal — axis so that it can be used, like the 
swing back, to control perspective and depth 
of field. 

See also : Camera movements. 
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SWINGING THE CAMERA. Technique for 
photographing objects moving more or less 
across the line of sight. The camera is moved to 
keep the subject in the same position in the 
viewfinder as the shutter is released. The 
resulting image of the subject is sharp while the 
background is blurred, thereby increasing the 
impression of motion. 

The term “panning” is sometimes used to 
indicate swinging of the camera. Panning, how- 
ever, is a motion picture expression that refers 
to a slow horizontal swing of the camera to 
take in the whole sweep of a stationary scene. 

See also: Movement. 

SWITCHES. There are switches of two main 
types; single- and double-pole. A single-pole 
switch disconnects one wire only; the double- 
pole disconnects both. Single-pole switches are 
always connected in the live wire so that when 
they are in the off position, the live wire goes 
no farther than the switch. If a switch is con- 
nected in the neutral wire, even when it is off, 
the live wire is still left connected to the equip- 
ment. Double-pole switches cannot be incor- 
rectly wired up in this way; they are generally 
stronger than the single-pole types and are used 
for more responsible work. 

There used to be only one type of switch for 
both A.C. and D.C., but now there are special 
switches that are made for A.C. only. These 
switches are simpler, cheaper, and quieter than 
the traditional tumbler switch, but they cannot 
be used in D.C. circuits. Switches of this type, 
are always marked “A.C. only”. 

Foot Switches. A foot-operated switch is often 
the most convenient form of control for 
electrical equipment in the darkroom and 
studio; it leaves both hands free and allows the 
power to be switched on and off near the 
equipment instead of at the outlet on the wall 
or skirting board. 

All the various types of foot-operated switch 
conform to the same general pattern. A heavy 
metal box houses the switch and is connected 
to the supply socket outlet by a length of cable 
and a plug. On the side of the box is a socket 
outlet where the lead from the equipment is 



ON-OFF SWITCHES. Top: Single-pole switch. Bottom: 
Double-pole switch, completely isolates circuit from electricity 
supply by breaking both sides of the connexion 
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plugged in. The equipment is switched on or off 
by pressure on a pedal mounted on the box. 
Some foot switches are made with more than 
one socket outlet so that, for example, altern- 
ative lighting may be switched on by foot 
pressure on a second pedal. 

Time Switches. Time switches automatically 
switch off the electricity supply to any piece 
of equipment at the end of any chosen interval 
of time. The switch has a length of flex and a 
plug for connecting it to the mains, and the 
equipment is plugged into a socket outlet on 
the switch. 

In principle, the switch resembles an ordinary 
alarm clock. There is a dial, marked in hours 
and minutes, or minutes and seconds, a hand 
or hands that show how long the mechanism 
has been r unnin g, and a movable hand that can 
be set to the time when the switch is to open. 

Switches that cover periods of more than a 
minute are ordinary pieces of clockwork 
mechanism, but the type of switch used for 
controlling enlarging and printing lamps is a 
more elaborate affair. Printing times may be as 
short as half a second, and it is costly to design 
clockwork for such intervals. Instead of using 
clockwork, switches of this type are operated by 
an electronic device and a relay. The electronic 
circuit measures the passing of time in terms of 
the time taken to charge a condenser. 

Thermal Switches. Thermal switches are 
designed to open or close when the temperature 
rises or falls to a chosen level. In photography 
they are used to switch off current to room, 
tank, or dish heaters when the temperature 
reaches the working temperature. 

Switches of this type are generally built into 
the equipment they control, but some are 
manufactured as separate accessories which can 
be connected to a warning light or bell, or 
individual pieces of processing apparatus. 

Most thermal switches utilize the unequal 
expansion of a bimetal strip or spiral to open 
or close a pair of contacts. Where the switch is 
required to break a heavy current, the first 
pair of contacts merely breaks or makes the 
circuit of a relay. It is the relay that does the 
real work of switching the main circuit. 
Photo-electric Switches. A photo-electric switch 
is operated by a change on the level of the 
illumination falling on it. 

A photo-electric cell is connected in the grid 
circuit of a thyratron valve which is biased to 
pass no current under normal conditions. When 
the strength of the light falling on the cell 
changes, it changes the potential applied to the 
grid of the valve, and current flows in the plate 
circuit. This current is made to operate a relay 
which makes or breaks the main electrical 
circuit. 

Photo-electric switching is used for certain 
kinds of photography in which the subject 
automatically releases the shutter — e.g., nature 
photography and crime detection. For such 
work the photocell is illuminated by a beam of 
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TWO-WAY SWITCHES . Appliance can be switched on and off 
from either switch. Top: Switched on, either switch breaks 
circuit. Bottom: Switched off, either switch closes circuit. 

invisible infra-red light, and interruption of the 
beam releases the camera shutter and fires a 
synchronized flash. 

One of the most interesting applications of the 
photoelectric switch in photography is in the 
operation of electronic flash “slave units . ” These 
are electronic flash units consisting of a portable 
power supply, tube, and reflector, with a 
photocell circuit operated solely by light from 
the master flash. 

Any number of slave units can be set up to 
illuminate the subject, and when the master 
flash is fired, it operates the slave flashes with a 
delay of no more than a few microseconds. 
This system cuts out any wires between the 
master and slave units. 

Two-way Switching. Two-way switches are 
designed to give control of a piece of equipment 
— generally a lamp — from more than one point. 
A room with a door at each end may have a 
switch by each door to control the same room 
light, or a bank of floodlights may be controlled 
at will by switches at each side of the studio. In 
each case, either switch will put the light on or 
off without reference to the other. 

Ceiling Switches. Lamps over darkroom sinks 
are best operated by ceiling switches. These are 
simply ordinary make and break switches 
incorporating a toggle action worked by pulling 
on a hanging cord. The switch is fixed to the 
ceiling and all contact with wet hands is avoided 
— giving safety to the operator and longer life 
to the switch. 

Miscellaneous Types. A number of other 
switches are used in photographic lighting and 
power circuits. 

Three-position tumbler-type switches may be 
employed to connect either of two circuits to 
the supply — e.g., a yellow safelight (left), 
enlarger lamp (right), and both off (centre). 

Two tumbler switches coupled by a bar may 
be used for series-parallel switching of lighting 
circuits — e.g., two Photofloods: in series (at 
half brilliance for arranging the subject); 
in parallel (at full brilliance for making the 
exposure). 

Switch fuses are heavy duty multiple outlet 
switches for controlling a number of circuits in 


the permanent wiring of the building. They 
are generally fitted in iron boxes attached to the 
wall near the incoming supply and contain a 
set of fuses, one of which is associated with 
each out-going set of cables. The switch is 
connected directly to the meter and is operated 
by an external handle that can only be placed 
in the “On” position if the door of the fuse box 
is closed. 

Ratings. The rating of a switch is the current 
in amperes that it will safely carry and break 
without overheating or arcing. This safe 
current is clearly marked on every switch 
designed to be connected to a public electricity 
supply. The total current that the switch will 
have to carry when all the equipment con- 
nected to it is switched on should never exceed 
the rating. Overloading a switch is dangerous 
and in time renders it useless. F.P. 

See also: Electricity; Wiring. 

SWITZERLAND. In the past Swiss scientists 
have made notable contributions in the optical 
and chemical fields of photography, and today 
there is a thriving Swiss photographic industry. 
Historical. Even before the invention of photo- 
graphy, Swiss experimenters had shown an 
interest in photo phenomena. Jean Senebier 
(1742-1809), a clergyman turned librarian, 
studied the visible change caused by the action 
of light on silver chloride. He established that 
it was the blue and violet rays that had the 
strongest effect (five years earlier the Swedish 
chemist, Scheele, working independently had 
discovered the same thing). 

Pierre Louis Guinard (1748-1824) improved 
the manufacture of optical glass; his methods 
are still used today. 

Shortly after the publication of Daguerre’s 
invention by the Academie Frangaise in 1 839, 
thepainterJohann Baptist Isenring (1796-1860) 
introduced the process into Switzerland, and 
held a large exhibition of his own daguerreo- 
types (including portraits) at St. Gall in the 
following year (August 1840): he improved the 
method by the introduction of retouching and 
colouring with fast and indelible pigments. 

Half a century later the photographic pro- 
cess, which had in the meantime made con- 
siderable progress, was put on a firm scientific 
basis by the introduction of sensitometry — an 
advance in which Swiss workers can claim 
considerable credit. The Swiss Ferdinand 
Hurter (1844-98), together with his friend Vero 
Charles Driffield (1848-1915), laid the founda- 
tions by formulating the conceptions of trans- 
parency, opacity, and density, and by defining 
the characteristic curve (1891). 

At Zurich, in 1907, the chemists J. H. Smith 
and W. Merkens developed a process for 
obtaining coloured paper prints from colour- 
transparency originals, under the name of 
Utocolor Paper. This had a black layer which 
was bleached by irradiation and assumed the 
colour of the incident light. This very elegant 
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method of colour reproduction, which others 
had tried before without success, pursued the 
same end, although by different means, as the 
modern colour reversal processes. 

In 1912, W. R. Hess, 1950 Nobel Prize 
Winner in medicine, published an ingenious 
process for the production and viewing of 
stereoscopic pictures by means of a lenticular 
screen film. The results could be viewed with- 
out any optical accessories and were so pleasing 
that for a time the process was very popular. 
Industry. Switzerland is the home of a con- 
siderable industry for the manufacture of 
photographic products and accessories. 

Heerbrugg, in the extreme north-east of the 
country, possesses a large factory producing 
high-quality aerial cameras equipped with 
lenses which combine high speed and excellent 
resolving power. The same plant makes the 
whole range of photogrammetric equipment 
necessary for the evaluation of aerial photo- 
graphs, such as fust-order autographs as uni- 
versal units, second-order stereo-mapping 
apparatus for single-pair evaluation, police 
autographs for forensic purposes, and rectifiers. 

About 1 945, at Balzers-Liechtenstein, a plant 
was set up for coating optical glass surfaces, 
both for the purpose of reducing internal reflec- 
tions, and for the production of interference 
filters for all wavelengths. 

High-vacuum coating machines to carry out 
these processes are also mass-produced and 
sold at Balzers. 

The town of Aarau has an efficient optical 
precision engineering industry manufacturing 
microscopes, photographic lenses and various 
optical instruments for medical and other uses. 
Aarau also produces renowned high-quality 
cinematograph lenses. 

St. Croix is the centre of the precision 
engineering industry. Here, in addition to the 
famous Swiss watches, is made a range of sub- 
standard gauge cinematograph equipment 
which has a world-wide reputation. 

A well-known miniature reflex camera is 
made in Ballaigues. 

At Burgdorf, not far from Beme, the federal 
capital, sensitized photographic materials for 
various types of technical photography are 
manufactured, including X-ray films and 
materials for photocopying and typographical 
and photomechanical reproduction processes. 
The factory is unique in having been the first in 
the world to specialize in this field many de- 
cades ago. Another plant, at Fribourg, has 
produced photographic contact and enlarging 
papers for many years, and has recently taken 
up the manufacture of colour materials. At 
Baden, an industry is engaged in a patented 
process in which silver salts are deposited in 
an oxide layer electrolytically produced on 
aluminium plates, on which mechanically and 
chemically resistant pictures can be reproduced. 
Lastly, there is a well-known company at 
Winterthur making photographic gelatin. 


Professional Organizations. There is no institute 
of photographers — i.e., an organization repre- 
senting photography on a national level — in 
Switzerland. The commercial interests in the 
photographic field, however, are organized in 
the Verein der Photoindustrie (Federation of 
the Photographic Industp' and its representa- 
tives) in Switzerland, with offices at Zurich. 
The federation covers both Swiss manu- 
facturers and the numerous representatives of 
foreign interests. 

The Photohandler-Verband (Photo-dealers’ 
Association), with headquarters at Basle, pro- 
vides an organization for the photographic 
retail trade, and the Schweiz. Photo-Verband, 
Union Suisse des Photographes (Swiss Photo- 
Union) is the body of professional photo- 
graphers. 

Education. Photographers receive their training 
either by serving a normal apprenticeship, 
which may be followed by gaining a master’s 
diploma, or by taking a course at the photo- 
graphic section of the technical college (Ecole 
des Arts et Mdtiers) at Vevey, Lake of Geneva. 

Scientific photographers with a special final 
certificate are taught at the Photographic 
Institute of the Eidgenossische Technische 
Hochschule (Swiss Federal Institute of Tech- 
nology). This institute, fiounded in 1886, is 
remarkable in being one of the very few 
establishments in Europe offering photography 
on an academic level within the framework of 
the college teaching programme. It covers 
theory and practice as well as conducting 
scientific research. There are regular lectures 
and photographic symposia by well-known 
scientists and Swiss and foreign experts. These 
lectures, in which the various experts report on 
the nature of their work, enable the Photo- 
graphic Institute of the E.T.H. to maintain 
permanent contact, on a technical as well as a 
personal basis, between the circles interested 
in the scientific and technological aspects of 
the profession. 

The first world exhibition of photography, 
covering practically every field of pictorial 
work and photographic applications, was held 
in Lucerne in the summer of 1952. 
Photographers. Mention has already been made 
of the daguerreotypist, Isenring. Johann 
Baptist Taeschler (1805-66) was another 
pioneer in this field. He made a name for 
himself in the early stages of photography, 
opening a photographic studio at St. Fiden 
near St. Gall in 1 846, where he produced work 
of high artistic merit; he gained awards at the 
first international photographic exhibitions 
His four sons took over the business under the 
name of Taeschler Bros. 

Fred Boissonas (1858-1946) was one of the 
first and most outstanding Swiss landscape 
photographers. At Paris, in 1891, he was 
awarded a Gold Medal for the first telephoto- 
graph of Mont Blanc ever produced; it was a 
masterpiece, exposed through a telephoto lens 
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on a henna-made orthochromatic plate. He 
derived his main fame from his pictures of 
Greece. The mountain and landscape photo- 
graphs by Emil Meerkamper (1877-1948) and 
Jean Gaberell (1887-1949) are also world- 
famous. 

As an aerial photographer, the pilot Waltei 
Mittelholzer (died 1937) not only produced 
captivating alpine landscapes of his own native 
country, his aerial photographs of other con- 
tinents are to this day acclaimed as some of the 
best pictures of their kind. A number of out- 
standing specialists in this field are still to be 
found in Switzerland. 

The pictorial journalists Paul Senn (died 
1953) and Werner Bischof, who met with a 
fatal accident in the Andes in 1954, were of the 
same outstanding calibre in their own special 
branch of pictorial journalism. Examples of 
their work have appeared in all important 
illustrated journals the world over. 

Camill Ruf (1872-1939) was perhaps the 
greatest Swiss portrait photographer. He was 
the author of excellent group pictures and many 
exquisite examples of bromoil and gum- 
printing techniques. 

Switzerland has also produced some eminent 
advertising photographers — a branch of photo- 
graphy which gives scope to the special abilities 
of Switzerland’s professional workers. 

The photomechanical industry in Switzerland 
has reached a standard of high quality. Striking 
examples of this are the excellent ordnance 
maps of the country, produced by the Federal 
Ordnance Survey by a special photomechanical 
process. Swiss posters off er the most impressive 
evidence of the fruitful application of photo- 
graphy and graphic art in the field of advertis- 
ing. International poster competitions, such 
as those held for the Olympic Games, have 
repeatedly been won by Swiss designers. 
Magazines. The main Swiss publications for 
professional photographers are the Schwei- 
zerische Photo-Rundschau (Swiss Photo Re- 
view) which is the official publication of the 
Schweizerische Photographen-Verband (Swiss 
Association of Professional Photographers), 
and the SFB Mitteilungen (Reports of the Swiss 
Photographic Union). There is also a dealer’s 
magazine, Der Schweizer Photo-H&ndler (Swiss 
Photo Dealer), and a semi-professional periodi- 
cal Camera. 

The main professional cine periodical is 
Schweizer Film (Swiss Film). A number of 
religious organizations also issue their own 
cine magazines. 

Amateur photographers are served by a 
number of club magazines, the main one being 
Foto- Rundschau (Photo Review), the official 
publication of the Arbeiter Fotovereine 
(Working Men’s Photo Clubs). There are also 
a few amateur cinematographers’ magazines 
sponsored by amateur cine associations and 
clubs, as well as one or two minor independent 
publications. J.E. & K.P. 


SYMMETRICAL LENS. First of the true 
anastigmats, made possible by the discovery of 
the new Jena optical glasses at the end of the 
nineteenth century. 

A symmetrical lens consists of two identical, 
or at any rate closely similar, sets of glasses with 
a stop between. Up to five glasses may be used 
in each set. The distortions introduced by one 
half of the combination tend to be cancelled 
out by the same distortions of an opposite 
nature introduced by the other half. 

But this obliging characteristic depends on 
the object-lens-image distances. Where they are 
roughly the same, as in copying, an exactly 
symmetrical lens will serve, but where there is a 
big difference, as in camera lenses, the designer 
has to make changes in one half of the com- 
bination to balance matters. For this reason a 
symmetrical lens designed for copying or 
small amounts of enlargement is of no use in an 
ordinary camera. 

Symmetrical designs nowadays are used 
mainly for wide angle and process lenses 
although a few modem camera lenses are de- 
rived from the symmetrical type. 

Two distinct types of symmetrical lens are 
commonly used in cameras. 

One is intended as a long focus lens for 35 
mm. cameras. In this type, the centre of the 
field is highly corrected for the small area it has 
to cover. The second type is for use in normal 
cameras and is corrected to cover a bigger area. 
So it is possible to have two lenses of the same 
focal length and aperture, one for use as a long 
focus lens on a miniature camera, and the other 
a normal lens on a larger camera. 

See also : Lens history. 

Book: Photographic Optics , by A. Cox (London). 

SYMMETRY. Effect of similar or identical 
arrangement of subject matter on each side 
of an imaginary central dividing line or point. 
Aesthetically symmetry is rarely pleasing be- 
cause it looks too formal and studied. It is 
occasionally effective where the intention is to 
draw the observer’s attention specially to the 
perfect symmetry of a particular subject — e.g., 
of a botanical specimen. 

See also: Composition. 

SYNCHRO-FLASH. Technique of flash photo- 
graphy in which the firing of a flash bulb is 
initiated by contacts in the shutter mechanism 
so that the useful part of the flash illuminates 
the subject at the instant the shutter is open. 
For very short exposures the timing of the 
flash in relation to the shutter opening is 
arranged so that the exposure starts and finishes 
during the peak brilliance of the flash. 

See also: Flash synchronization. 

SYNCHRONIZER, Mechanical device for 
firing a flash bulb in synchronism with the 
opening of the camera shutter. A synchronizer 
usually incorporates the following parts — a 
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release button, a pair of electrical contacts 
which can be connected to the flash head and 
flash battery through a flexible lead, a plunger 
for operating the shutter. Finally there must 
be an adjustable coupling between the flash 
contacts and the shutter release plunger so 
that the contacts can be timed to allow the 
flash to rise to peak brilliance before the 
shutter opens. 


Synchronizers of this type have mostly been 
rendered obsolete by internally synchronized 
camera shutters. 

See also : Flash synchronization, 

SYNCHRO-SUNLIGHT. Combination of sjm- 
light and synchronized flash used for taking 
photographs. 

See alio: Flash technique. 
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There are three different branches of photo- 
graphy open to the photographer who chooses 
to work withiD the limits of a table top studio: 
still life studies, photography of small scale 
models and creative composition. The last is 
the true “table top photography”, and it 
offers the greatest scope to the photographer 
with imagination and artistic ability. 

Still Life. Still life arrangements are best if 
kept simple. Whether the subject is a flower 
study, a group of porcelain, or a pile of nuts 
and bolts, the effect is strengthened by straight- 
forward presentation. 

The still life photographer is fortunate in 
having complete control over the background 
of his picture. Generally a plain background is 
to be preferred as it helps to concentrate 
interest on the picture material. 

A plain background is easily contrived from 
a large sheet of off-white or grey paper which 
covers the top of the table, hangs over the 
edge at the front, and curves gently upwards 
and out of the picture at the back. 

Shadows cast on the background by the 
lighting can be exploited to make an important 
contribution to the composition. At the same 
time, unless they are carefully watched, they 
can ruin the whole effect. 

Back lighting can be attractive in throwing 
useful shadows that help to fill the foreground 
and unify the composition. Other shadows may 
be introduced from objects outside the picture. 

In straightforward still life studies of this 
type there is no attempt at deception; the aim 
is simply to arrive at a pleasing piece of decora- 
tion, using recognizable objects suitably 
arranged and lighted. In flower studies, how- 
ever, the lighting and background may be 
deliberately arranged to give the effect of a 
natural outdoor setting by using shaped masks 
and cut-outs in front of the background light 
to cast shadows, suggesting sky and clouds. 


Scale Models. In dealing with a scale model, 
the aim is generally to make the finished print 
look like a photograph of the real thing. This 
is done by using a suitable lens and viewpoint, 
and by careful attention to the details of the 
model and its setting. 

The height of the viewpoint is best chosen to 
correspond with eye-level on the actual full- 
sized object. A doll’s house, for instance, would 
be photographed with the lens at the eye-level 
of an imaginary figure standing in the doorway. 
And the natural viewing distance is reduced in 
the same proportion — i.e., if the actual object 
would be viewed from, say, teh feet away, and 
the model is 1/10 scale, then ideally the model 
should be photographed from 1 foot away and 
with a 1 in. lens. 

In practice these conditions cannot always 
be achieved, but it is possible to get a more 
natural perspective by using a short-focus lens. 

Whereas a 6 ins. lens on a quarter-plate is 
satisfactory for the average still-life and table-top 
shot, a lens of 3 or 4 ins. focal length will be 
found more suitable for scale models. If such a 
lens is not available, the camera should be 
brought nearer to the subject. The illusion can 
be strengthened by using a viewpoint below 
table level, with the aid of the rising front of the 
camera. 

The effect of perspective can be further 
increased in the building of the set. If the model 
is to be shown in a landscape, any foreground 
trees or buildings are made large, and the others 
are arranged to decrease in size as they recede 
into the distance. The foreground may be built 
of small stones, the middle distance of fine 
gravel and the f ar distance of sand. 

Creative Effects. True table top photography is 
not concerned with merely reproducing facts. 

It can be a source of amusement or a useful 
medium for book illustration and advertising; 
and at its best it is a branch of creative art. 
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TABLE T OP SETS. Near , medium distant , and distant objects in a table top set-up have to be built to diff erent scales. This is to give 
an effect of reality to the subject and to simulate the perspective recession of a life-size scene within the confines of the set-up. For 
the same reason , the actual proportions of model buildings must also be distorted to exaggerate perspective. 


Much of the interest of this branch of photo- 
graphy lies in building up scenes with all 
manner of odds and ends. Pieces of paper. 
Cellophane, cotton wool, glass shapes and other 
materials, when seen by the camera out of 
focus, can be made to assume the appearance 
of mountains, water, icebergs and so on. For 
instance, it may be more effective to represent 
a forest by a few simple alternating lines of 
light and shade, than by using actual twigs. 
Interior Sets. Interiors are built like stage sets, 
with three sides and open at the top. Thin 
strawboard covered with paper with a small 
pattern (or the back of a piece of wall paper 
whose pattern is not too obtrusive) serves 
admirably for walls. Furniture may be made to 
scale from cardboard or plywood, although it is 
generally easier to buy suitable ready-made toy 
furniture. The fewer props and pieces of 
furniture there are the better; suggestion is 
more effective than actual portrayal. 

Exterior Sets. Sand and assorted stones can be 
used to form the basic shapes for most land- 
scape scenes. Pieces of velvet will do for valleys 
and hills, large stones or coal for mountains, 
and moss and felt with a rough nap for bushes 
and grass. Snow can be made from cotton 
wool, salt or flour; Cellophane over a light or 
dark base can suggest water, and walls can be 
made from modelling clay or children’s build- 
ing bricks. 

Small trees, carefully pruned branches, or 
roots of heather, can be used as trees. Trees in 
leaf are difficult to suggest, but small pieces of 
ornamental shrubs, fems, or asparagus plants 
will often give the desired effect. 

Figures. Those with sufficient skill can make 
their own solid figures from plaster, plasticene 
or modelling clay. Adjustable figures can be 
made f rom bent wire padded with cotton wool 
and dressed. Often, suitable figures can be 
bought from toy or fancy goods shops, and 
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blown glass figures are especially attractive. 
But whatever form they take, they must be 
well finished because at such close distances any 
faults or blemishes stand out and destroy the 
illusion, particularly if the final enlargement 
shows the figures larger than actual size. 

Models made of glazed china or finished in 
glossy paint may have to be dabbed with putty 
to deaden surface reflections. Average figures 
should measure 4 to 6 ins. in height, and 
though smaller ones can be used, any extra 
accessories — like umbrellas or sports equip- 
ment — will be correspondingly smaller and 
more difficult to make. 

Treatment. A table top photo can be made to 
express an idea, tell a story, illustrate a quota- 
tion, or put over a topical skit. It offers the 
photographer a completely flexible medium of 
expression for humour, fantasy, drama, or 
pure decoration. Space and gravity can be 
defied in the world of the table top, and the 
photographer is free to portray the supernatural 
and the impossible with equal ease. 

In any set-up the subject matter should be 
simple and all fussy detail avoided. Most 
table-top pictures fail either because they 
include too many items or because they try to 
represent the subject accurately and in detail 
instead of simply suggesting it in a broad effect. 

As an example of correct technique, a desert 
scene might be constructed on the following 
lines: 

A pool of water is suggested by a piece of 
creased Cellophane and some sand. (A piece of 
mirror would give unbroken reflections.) 
Two or three toy camels and a cardboard palm 
are arranged around the pool. The foreground 
can be a piece of draped cloth or creased paper, 
and the background a sheet of translucent 
paper. 

The camera is focused sharply on the pool 
at a wide aperture. This throws everything in 
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front and behind partly out of focus, and 
emphasizes the principal item. The lighting is 
arranged to show only the pool and its imme- 
diate surroundings. Shadows can be cast on the 
background from the back and be made to sug- 
gest clouds and receding distant hills. 

This method of treatment does not attempt 
to disguise the nature of the subject material, 
but softens it and presents it in the pleasing 
light of fantasy. 

Glass-top Technique. A technique which might 
be called glass-top photography offers even 
wider scope. This calls for some means of 
holding sheets of glass horizontally at different 
levels. The objects to be photographed are 
laid on the glass, each glass sheet representing 
a different plane in the picture. The camera 
looks down vertically on the glass, and the 
subject is lighted principally from the sides. 

This method presents figures and objects as 
though they were suspended in mid-air with- 
out any means of support. 

The Camera. No matter what camera is used, 
it should have a strong, steady tripod, with a 
tilting top or a universal head. 

All forms of table top photography call for 
a camera with a focusing screen. If possible, it 
should also have double extension, a drop 
and rising front, and a swing back. Front 
side swing is useful for subjects (e.g., a toy 
train) which recede at an angle. In such a case it 
is almost impossible to get both ends sharp 
even with the smallest stop unless one can also 
swing the lens parallel to the main line in the 
composition. For photographing scale models 
the camera lens should be capable of being 
stopped down to at least/64. 

The creative branch of table top photography 
demands a wide-aperture lens. All-over sharp- 
ness is not always required because many effects 
depend upon differential focusing to create the 
setting. A quarter-plate camera with a 6 to 



CLASS-TOP PHOTOGRAPHY . Some subjects are best built up 
on layers a f glass against a suitably illuminated background. 
This permits wide excursions into realms of fantasy. 


8 ins. lens working at / 4-5 is probably ideal 
for this type of work. Such a lens has very little 
depth of field at close distances and can thus 
separate the subject from its background. 
Lighting. Table top photography in black-and- 
white does not call for elaborate lighting equip- 
ment. For colour photography more powerful 
lighting is necessary to compensate for the 
relatively slow emulsion speed. 

A great deal can be done with ordinary table 
lamps fitted with i-watt pearl or opal bulbs. 
Small spotlights are invaluable, especially in 
glass-top photography, and there should be at 
least one focusing spot in which the aperture 
can be adjusted to throw a narrow beam. 

In the simplest form of lighting the principal 
light is placed to one side of the camera at an 
angle of about 45° to the subject. The fill-in 
light to give shadow detail should be diffused, 
or it can be indirect light produced by shining 
the lamp on to a white wall, a piece of card, 
or even the ceiling. This light should not 
throw any noticeable shadows, but if it does, 
they should be weak enough to be killed by the 
principal light. 

The beginner should start with one light 
only, placed slightly to one side, with white 
cardboard reflectors adjusted to throw light 
into the shadows. Pieces of mirror or shiny 
silver paper can be employed to provide local 
spots of reflected light, but they need careful 
adjustment to avoid throwing patches of light 
of their own shape. Lamps must be screened 
off so that no stray light reaches the lens. The 
direct light from the lamps should be prevented 
from falling on the camera, and the lens should, 
in any case, always be protected from stray 
reflections with an efficient hood. 

Exposure. If a photo-electric meter is used 
readings should be taken of the darkest and 
lightest areas to be rendered in detail. This 
will give the contrast range of the subject. If 
the range is f ound to be excessive it should be 
reduced by using a more powerful fill-in light 
or extra reflectors. An exposure should then 
be selected which will not leave the shadow 
areas under-exposed nor the brightest lights 
over-exposed. This procedure is very necessary 
with colour film. 

In any case, a few test exposures should be 
made. They will always provide a useful basis 
for future work because, on the whole, condi- 
tions do not vary greatly with artificial lighting. 
It is always worth while to make a note of 
all exposure details, together with rough dia- 
grams of the set-up. 

Sensitive Material. Almost any type of sensi- 
tive material can be used for table top work 
because speed is unimportant, but a medium 
speed panchromatic emulsion may be pre- 
ferred for its more correct rendering of colour 
values. E.H. 

See also: Models {scale); Silhouette; Tricks and effects. 

Books: All About Table Top Pictures , by W. Herz 
(London); Creative Table Top Photography, by E. 
Heimann (London). 
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TAKING PHOTOGRAPHS. Certain basic 
steps are common to every field of photo- 
graphy outside laboratory techniques. 

First of all, the minimum requirements are: 
a camera, sensitized material (film or plate), a 
support for the camera (the hand, or a tripod) 
some means of measuring the distance from 
the camera to the subject (rangefinder or tape), 
some means of estimating or measuring expo- 
sure (calculator or exposure meter), some form 
of lighting (daylight, electric light, or flash). 

Second, photographing specific subjects also 
involves a choice of the most suitable equip- 
ment and materials for the purpose. 

Bask Steps. The operational stages, on a 
general level are : 

(1) Load the camera with the film or plate. 

(2) Sight the subject in the viewfinder and 
choose the best distance and viewpoint. 

(3) Determine the distance from the camera 
to the subject and focus the lens. 

(4) Determine the exposure and choose the 
stop and shutter speed that will give it. 

(5) Tension and release the shutter. 

(6) Change the film or plate. 

(7) Process the film or plate to a negative. 


(8) Print the negative. 

Choice of Equipment and Materials. Many 
normal cameras cover a wide range of subjects. 
Intelligent photography, particularly when 
dealing with specific subjects, goes still further 
and includes selecting the most useful appara- 
tus and the most suitable sensitive materials. 

The following tables s ummarize the require- 
ments from this point of view. 

In the case of equipment the specifications 
are the ideal ones. With some subjects special 
apparatus is virtually essential. With many 
others, the ideal camera type will do the job 
best — and is the obvious choice for photo- 
graphers specializing in that subject. But most 
average or better outfits will usefully tackle 
such subjects occasionally, often with special 
accessories, though perhaps not as convenient- 
ly as the apparatus made for the purpose. 

Where emulsions are concerned, it is much 
easier to choose the best film or plate for the 
job. Again the materials listed are the ideal 
ones. Different aspects of a subject may call 
for different ranges of properties and the choice 
of emulsions is intended to cover these, rather 
than to indicate substitute requirements. 


SUBJECTS AND SUITABLE EQUIPMENT 


Subject 


Ideal camera Accessories and 

Special Features 


Remarks 


Action 

AeriaJ photography 
Animals 

Architecture 
Astronomy 
Candid shots 

Close-ups 

Commercial 

Copying 

Feature 

Flash 

Groups (large, formal) 

Holiday 

Industrial 

Landscapes 

Mountaineering 
News and Press 

Night 

Photomicrography 

Portraits and studio groups 

Snapshots 

Sports 

Theatres and shows: 
from auditorium 
photo-caJIs 


Miniature or press 
Special aerial camera 
Twin-lens reflex or 
miniature 
Technical or field 
Plate camera, special type 
Miniature or twin-lens 
reflex 

Technical, single lens 
reflex or miniatures 
Technical or field 
Special copying cameras, 
also single-lens reflex 
Twin-lens reflex, 
miniature or press 
Almost any, provided 
shutter is synchronized 
Field or technical, or 
special types 
Any roll or miniature 
Technical or reflex, inter- 
changeable lenses useful 
Field or reflex, but very 
simple cameras suitable 
Small folding or miniature 
Press (taking plates) with 
fast lens and shutter 
Any, preferably larger 
negative sizes 
Single-lens reflex or 
miniature 
Field or reflex 

Any roll or miniature 
Press or miniature with 
fast shutter 

Miniature with fast leni 
Press or reflex 


Rangefinder 
Haze cutting fllten 
Close-up lenses for small 
animals 

Filter?, tele lenses 

Short focus lens useful for 
depth of field 
Extension tubes, special 
gear for miniatures 
Filters 

Extension tubas or close- 
up lenses, filter? 

Filter?, interchangeable 
lenses, flash gear 
Flash gun and equipment 

Wide angle lens for 
confined lootlons 
Yellow filter 
Flash and other portable 
lighting equipment 
Filters, interchangeable 
lenses (if available) 

Filters 

Rangefinder, flash equip- 
ment, large frame finder 
Tripod, cable release 
with time lock 
Microscope and adaptor 

Long focus lens for single 
portraits 
Yellow filter 
Long focus lens, 
frame finder 


High shutter speeds desirable 

Other types suitable, sub)ect to 
limitations 

Camera movements desirable 
Invariably used with telescope 


Fixed lens cameras usable with 
close-up lenses 

Camera movements desirable 
Many simple cameras and minia- 
tures suitable for limited work 
Camera should be versatile to 
cover variety of subjects 
XM-synchronixed shutter per- 
mits high speed shots 
Large negative and ground 
glass screen desirable 
Simple operation useful 
Camera movements desirable 
for large machinery 
Ground glass screen helps 
composition 

Light weight deciding factor 
Miniature sometimes used. 
Rapid action important 
Lens speed not important with 
static subjects 

Miniatures need special equip- 
ment. 

Ground glass screen essential 

Simple operation useful 
Instant readiness for action 
Important 


Long focus lens 
Flash, tripod 


Subject carefully posed 
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SUBJECTS AND SUITABLE NEGATIVE MATERIALS 


Subject 

Speed 

°B.S.f. 

Colour 

Sensitivity 

Gradation 

Grain 

Other Properties 

Aerial photography 28° or 
andphotogrammetry faster 

R, IR 

h. 

mf. or f. 

Glass or low-shrink support, thin emulsion, 
high resolving power 

Architecture 

Any 

O. P 

m. 

mf. or f . 

Glass or low-shrink support for accurate sur- 
veying work 

Artificial light 

30° or 
faster 

R. P 

m. 

As fine as 
available 


Astronomy 

As fast as 
available 

O. R, IR 

h. 

As fine as 
available 

Special colour sensitization may be needed 

Colour separation 

20° to 20° 

P 

m. or s. 

As fine as 
available 

Equal contrast of all three separation nega- 
tives for Che same development time. Plates 
preferable. 

Commercial and 
technical 

24° or 
faster 

O. P, R 

m. or h. 

As fine as 
available 

Colour sensitivity depends on colours of 
subject. Plates and sheet film preferred, as 
they allow single development 

Copying (line) 

Any 

B, O, P 

eh. or uh. 

f. or ef. 

Colour sensitivity required depends on 
colours of subject 

Daylight and out- 26° or 
doors (ind. amateur) faster 

O, P 

m. 

As fine as 
available 


Copying (half tone) 

Any 

B, O. P 

m. or h. 

f. or ef. 

Colour sensitivity required depends on 
colours of subject 

Copying (micro) 

Any 

B, O, P 

h. or eh. 

ef. 

Colour sensitivity required depends on 
colours of subject. Usually carried out on 35 
mm. or even 16 mm. cine film. 

Flash photography 

30° or 
faster 

R. P, O 

m. or s. 

As fine as 
available 

Low reciprocity failure materials of higher 
contrast advisable for electronic speed flash 

Fluorography 

27° or 
faster 

P, O, B 

h. 

As fine as 
available 


Forensic photo- 
graph/ 

25° or 
faster 

R, P. IR 

m. or h. 

f. 

Infra-red materials needed for special pur- 
poses, blue-sensitive emulsions for ultra- 
violet photography 

Graticules 

Very slow 

B 

uh. 

uf. 

Extreme fine grain and highest resolving 
power essential 

Instrument record- 
ing 

23° or 
faster 

B. O 

h. or eh. 

f. 

Material often supplied and used in continuous 
rolls 

Industrial 

25° or 
faster 

O, P 

m. or h. 

As fine as 
available 

Artificial light work may need red pan 
materials. Plates and sheet film preferred, as 
they allow single development and individual 
control 

Photogrammetry 

Photomechanical 

work 

As fast as 
available 

10-20° 

O, R. IR 
B. O, P 

m. or h. 
h. or eh. 

f. or mf. 
f. 

Low-shrink support desirable. Infra-red 
materials often used in aerial photogram- 
metry 

Panchromatic materials needed for coloured 
originals and for colour separation work. Line 
copying needs the greatest contrast 

Photomicrography 

10-25° 

O, P 

h. or eh. 

f.or ef. 

Blue-sensitive materials suitable for colourless 
specimens, panchromatic for stained speci- 
mens requiring filters 

Portraiture 

25-30° 

P, o 

m. or s. 

mf. 

Different types of materials may need differ- 
ent make-up 

Spectrography 

Any 

Any 

eh. 

mf. or f. 

Colour sensitivity required depends on 
spectrum range to be recorded. Special U.V. 
sensitization may be necessary. Sensitivity 
should be uniform over the spectral range 
used 


Abbreviations. Colour sensitivity: B— blue; O — orthochromaxic; P — panchromatic; R — red panchromatic; IR — Infra- 
red. Gradation: s — soft; m — medium; h — hard; eh— extra hard; uh — ultra hard. Grain: mf — medium fine; f — fine; — ef 
extra fine; uf — ultra fine. 


See also: Against the light; Angle shot; Artificial light; 
Background ; Camera; Camera movements; Camera shake; 
Camera supports; Cases; Cassette; Changing bag; Close- 
ups; Colour materials; Colour technique; Composition; 
Contrast; Daylight; Depth of field; Depth of focus; Dia- 
phragms: Distance estimating; Double exposure : Exposure: 
Faults: Films; Filters; Fine grain technique; Flash equip- 
ment; Flash technique ; Focusing; Focusing mechanism; 
Foreground; Holding the camera; Key;Lens hood; Lighting 
the subject; Light sources in the picture; Miniature camera 
technique; Movement; Over-exposure; Negative materials; 


Parallax; Permits to photograph; Perspective; Pictorlallsm; 
Psychology of vision; Rangefinder; Shutters; Spectacles 
and eyesight; Style; Sunshine; Supplementary lenses; 
Swinging the camera; Travel photography; Tricking the 
subject; Tricks and effects; Under-exposure; Viewfinders; 
Visual appeal; Zone focusing. 

Books: All About Your First Photo Steps , hy L. A. 
Mannheim (London); All About Using a Miniature 
Corner a, by Percy W. Harris (London); The All-in-One- 
Camera-Book, by W. D. Emanuel (London); Photo Tech- 
nique, by H. J. Walls (London) 
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TALBOT, WILLIAM HENRY FOX, 1800- 
77. English archaeologist, chemist, linguist, 
mathematician; country gentleman. Inventor 
of the negative-positive process of photo- 
graphy. Educated at Harrow and Trinity 
College, Cambridge. Used the camera obscura 
on a trip to Italy in 1823 and the camera lucida 
in 1833; this led him to experiment on the 
fixing of the images by chemical means. In- 
vestigated the action of light on paper treated 
at first with nitrate of silver and later with 
chloride of silver. He experimented to make his 
paper more sensitive, and in 1835 produced a 
picture of his home, Lacock Abbey, near 
Chippenham, Wiltshire. He used silver chloride 
paper to copy botanical specimens, lace, en- 
gravings and manuscripts. The announcement 
of Daguerre’s invention in January, 1839, led 
Talbot to describe his “Photogenic Drawing” 
to the Royal Society in London on the 31st 
January, 1839. The manipulation was made 
known to the Royal Society three weeks later. 

Soon afterwards he also discovered the 
great light-sensitivity of silver bromide paper 
and also made use of Herschel’s discovery of 
the fixing powers of sodium thiosulphate 
(hypo). He next investigated the sensitivity of 
silver iodine and discovered that a latent image 


was produced which could be developed with 
gallic acid. The exposure needed for this new 
calotype process (1840-1) was less than one- 
hundredth of that for the old (“Photogenic 
Drawing”) process. The paper negatives were 
made transparent by waxing, and positive 
prints were obtained by contact copying on to 
silver chloride papers. In 1844 to 1846 published 
The Pencil of Nature, the first book illustrated 
with photographs (showing many applications 
of photography, e.g., document copying). In 
1852 patented Photoglyphy, having inde- 
pendently discovered the light-sensitivity of bi- 
chromated gelatin ; this was a method of helio- 
graphic etching on steel as well as on copper. 
This developed into his production of half-tone 
photogravure plates. 

Talbot patented most of his inventions, 
and demanded licence fees from those using 
them. In 1852 he publicly permitted the non- 
commercial use of his patented inventions. 

See also: Discovery of photography. 

TALBOTYPE. Original paper negative pro- 
cess patented by Fox Talbot in 1841. It soon 
became obsolete after the introduction of the 
collodion process in 1851. 

See also : Calotype; Discovery of photography. 


TANKS 


Many different types of tank have been 
produced for processing films and plates. 
Some are intended for use entirely in the dark- 
room, others must be loaded in the darkroom 
but may be used in daylight. A third type is 
intended for full daylight loading and operation 
without the need for any darkroom. 

ROLL AND 35 MM. FILM TANKS 

Tanks used for roll and 35 mm. film differ 
in design according to various requirements — 
e.g., daylight loading, wet loading. Some may 
not even allow processing in daylight at all. 
Darkroom Tanks. The simplest, intended for 
use entirely in the darkroom, are straight, flat 
trays, sometimes provided with a lid, in which 
the film is held stretched out flat along the 
bottom. These are just slightly modified 
forms of a developing dish. 

For processing roll film by the see-saw 
method, special dishes are available which 
have a roller or a pair of “ dimples ” under 
which the film passes to keep the loop of film 
under the processing solutions. 

Even more elementary is a trough-like dish 
in which the film is developed by rolling and 
unrolling the strip of film upon itself. 

The earliest type of tank for 35 mm. film 
was simply a long tubular container holding a 
straight length of film. Then came the 
developing drum consisting of a glass cylinder 
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supported on a pair of “ spiders ” and turned 
by a handle. The film was wrapped around 
the drum and the ends secured to it with clips. 
The drum was supported over a developing 
dish and rotated so that the lower part of the 
drum dipped into the processing solution. 
This equipment is still used for developing cine 
film and long lengths of positive film for film- 
strips. 

Daylight Processing Tanks. Daylight processing 
tanks are of two types: apron and spiral 
loading. Probably the earliest of the apron- 
type tanks was that made by Kodak. It 
consisted of two main parts: a loading box, 
and a developing tank. In the loading box, 
the film and its backing paper were transferred 
from the camera spool to a special developing 
spool. 

The film was eventually wound on to this 
developing spool along with an apron which 
had corrugated edges. The apron itself was 
opaque to light but was permeable to processing 
solutions ; so, when the film and apron had been 
wound on to the developing spool, the whole 
thing could be removed from the loading box 
and placed in the developing tank for pro- 
cessing in daylight. 

Since the back of the film was in contact with 
the apron during the whole time of processing, 
it was only possible to develop films which had 
no coloured backing. Such tanks are useless 
for present-day films. 
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The Correx type tank is much used for 
processing 35 mm. film. The Correx system, 
originally used for processing 35 mm. pro- 
fessional motion picture negatives in lengths 
of several hundred feet, uses a celluloid band 
with dimples along its edges. 

The film and celluloid band are together 
wrapped around a spool and loaded into* a 
light-trapped tank into which processing solu- 
tions can be poured without danger of light 
leaks. The dimples along the edge of the 
apron keep it away from the film and allow 
the solutions to circulate freely between the 
layers. 

Two lengths of 35 mm. film can be loaded 
on to a spool, back to back, thus doubling the 
effective developing capacity of the tank. 

A more recent tank uses a special apron with 
very shallow dimples to save space. This will 
take a full 36-exposure length of film yet its 
capacity is little more than 4 ounces. 

Correx type tanks are also made in sizes 
suitable for developing films of V.P. size and 
2i x 31 ins. size. The capacity of these tanks 
is about 25 ounces. 

The spiral loading tank has a spool with 
continuous spiral grooves moulded on the 
inside faces of the cheeks. The spool is loaded 
by first removing the film from its backing 
paper (or cassette) and then threading it into 
the spiral track, the leading end passing round 
the spiral until it comes to the end of the track 




FILM DEVELOPING TANK. Top: The ports of an amateur roll 
or 35 mm. film tank are: A, stirring rod for agitation; B, lid 
with light-trapped fit on body; C, pouring lip in body; D, body; 
E, film reel. Bottom left: Spiral groove reel; the film is fed 
into the groove from the outside. Bottom right: One half of 
the spiral reel may be adjustable to take diff erent film widths. 



APRON REEL. The film is wound up on the tank reel together 
with a celluloid or plastic* band (the apron) carrying embossed 
projections in both directions along the edges. These keep the 
turns of film apart and permit access of solutions. 


near the core of the spool. The loaded spool 
is then placed in the tank and covered with the 
light-tight lid, after which processing can be 
carried out in daylight. 

Another type of spool is designed to be self 
loading once the end of the film has been in- 
serted. Spools of this construction have one 
cheek which can be turned independently 
on the spindle for part of a revolution. The 
spiral groove has ratchet-shaped studs moulded 
along one side or some other one-way device 
to draw the film into the groove when the loose 
cheek is oscillated backwards and forwards. 

In some models of the spiral loading tank 
the width between the two cheeks may be 
adjusted to suit any of the standard sizes of 
film between 35 mm. and 4J ins. wide. 

The contents of both apron-type and spiral 
loading tanks are agitated by a separate spindle 
which is inserted through h light-trapped hole 
in the lid of the tank and engages with the core 
of the spool. This makes for even develop- 
ment. A thermometer may be inserted in 
place of the turning spindle to check the tem- 
perature of the tank contents. 

One spiral loading tank is constructed 
entirely of stainless steel. The spool is made 
up from a spider which supports a spiral made 
of heavy gauge wire. In the centre of the 
spool there is a wire clip which anchors the 
end of the film. A special guide which curves 
the film laterally feeds the film into the spiral 
from the centre outwards. The final result is 
the same as with the other spiral tanks except 
that loading proceeds from the centre outwards 
instead of from the outside to the centre. 

A spiral loading tank working on the same 
principle is used for processing lengths of 
35 mm. film up to a maximum of 24 feet. It 
has a large plastic spiral spool which is loaded 
on a special stand. The film is fed from its 
container through a long spout which reaches 
right into the centre of the spool. By rotating 
the spool, the full length of 24 feet of film 
automatically winds into position between the 
spiral grooves from the centre outwards. 

The loading spout squeezes the edges of the 
film inwards, making the film narrow enough 
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to slip between the cheeks of the spool until it 
reaches the inner end of the groove where it is 
released and allowed to spring into place. 
Processing is carried out in circular darkroom- 
type dishes and, when washing is complete, 
the film still on its spool is rapidly dried in a 
current of warm air, on a rotary dryer. 

Daylight Loading Tanks. A number of roll 
film tanks have been designed for daylight 
loading and processing. In one type the film 
is separated from its backing paper inside the 
tank. The paper is pulled out through a 
light-tight slot and the film is led into a separate 
vertical compartment in which it is stretched 
taut and developed. A similar type of tank 
of much more simple construction had a 
horizontal developing compartment. 

One popular tank has a spiral spool into 
which the film is fed from the centre by a 
special built-in guide. Loading and developing 
of the film are conducted completely in day- 
light. The tank needs less than the usual 
quantity of developer because the spool 
rotates about a horizontal axis and is only half- 
immersed in the processing solution. In this 
type of tank the spool must be kept rotating 
continuously throughout processing. 

Several manufacturers have produced 35 mm. 
daylight-loading developing tanks. In these the 
film is placed in the tank in its cassette and the 
loading end of the film is connected to the 
centre of the spool. The film is drawn into 
the spiral and then cut off at the mouth of the 
cassette. The cassette is removed and pro- 
cessing is completed as in a darkroom-loading 
type of tank. 

The difficulty of persuading a length of film 
to traverse the spiral groove of the ordinary 
reel has been overcome in at least one make of 
tank by a self -feeding device. This is produced 
by allowing one cheek of the reel to turn 
slightly on the centre spindle. The grooves of 
the spiral are moulded to give the effect of a 
ratchet, so that when the end of the film is 
started in the spiral and the cheeks of the reel 
are rotated backwards and forwards in opposite 
directions, the film is automatically drawn into 
the grooves. 



DAYUGHT LOADING 35 mm. TANK. The film cassette is 
loaded into a special chamber, and the film transferred to the 
reel while inside the light-tight tank. 
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PHOTO-FINISHER’S TANK. Developing tanks for large-scale 
processing at D. & P. establishments are usually tall con- 
tainers taking the films suspended by clips from hangers or 
rods. A tank may have a capacity of anything up to 150 films 
suspended in rows on their hangers. Separate containers are 
used for developer, stop bath, fixer, etc., the films being moved 
from one tank to the next in batches on their hangers. 

This type of loading is particularly useful 
for developing colour film which must be 
removed during processing and fed back on 
to the wet reel. 

Colour Film Tanks. For processing colour 
film there are elaborate stainless steel tanks. 
These may consist of five or six individual 
tanks built into a thermostatically controlled 
water-bath, which keeps the processing solu- 
tions at the recommended temperature. Stain- 
less steel is not recommended for colour- 
processing solutions like Ektachrome bleach, 
for which a lead-lined tank is safer. Glazed 
porcelain tanks are very much cheaper than 
stainless steel and are suitable for all colour 
processing solutions. 

Transparent Perspex cheeks are fitted to the 
reels of some makes of daylight processing 
tank. This is so that when colour film is being 
reverse-processed, the necessary exposure to 
white light can be made without removing the 
film from the spool. 

Aero FUm Tank. Aero film is developed in 
daylight in a tank having two spools with 
winding handles. The film is wound back- 
wards and forwards, from spool to spool, 
through the developer. Development proceeds 
reasonably evenly and, if the film has been 
thoroughly wetted, adjacent turns of film do 
not stick to one another when wound on the 
spools. Some models of this tank were 


provided with an automatic electrical drive 
since to wind 200 feet of film backwards and 
forwards for half an hour is tedious work. 
Commercial Tanks. Wholesale photo finishing 
(O. and P.) establishments use large earthen- 
ware tanks of 12, 24, or 48 gallon capacity, 
deep enough to hold complete lengths of roll 
film. 

Films are unrolled, weighted at the bottom, 
and supported at the top on a special double 
clip, which carries an identifying tag. These 
top clips are suspended from rods which rest 
across the top of the tank. 

The tanks have two bung-holes at the 
bottom. One for a tap for draining the tank 
and the other to provide a lead-in for the 
immersion heater cable. 

These establishments have to handle films in 
large numbers and they usually employ six 
tanks. 

(1) Developing (10 minutes). 

(2) Rinsing. 

(3) First fix (10 minutes). 

(4) Second fix (10 minutes). 

(5) First wash (10 minutes). 

(6) Final wash (10 minutes). 

Since fixing and washing are the slowest parts 
of the process, taking twice the time of develop- 
ment, twice the number of tanks is used and 
the films spend the same time in each. Washing 
the films is usually carried out by leading water 
into the tank through the lower bung-hole and 
allowing it to flow to waste over the top of the 
tank. All tanks stand on a duck-board over 
a drain. 

The conveyor-band principle is used for even 
higher production. After films have been 
loaded, together with their control tickets, on 
to double clips, they are unrolled, stripped of 
their backing paper, weighted and hung on a 
travelling band, which conveys them, in batches 
of ten, through the developer. They remain 
there for a predetermined time, and then they 
pass through a spray rinse and into the fixing 
bath. When fixed, they pass through the 
washing tanks, get a rinse in wetting agent to 
make them dry evenly, then go through a 
current of warm air in a drying tunnel. 

PLATB AND SHEET FILM TANKS 

Plates and sheet films, in sizes commonly 
used by amateurs, can be developed in specially 
designed plate or sheet film tanks. These 
tanks are all of the same general pattern, 
holding up to a dozen plates in a grooved rack. 
The inside of the tank lid usually has a rubber 
gasket to make it solution-tight when clamped 
down. 

Processing liquids are poured into the tank 
through a light-trapped spout. When loaded 
and charged with solution, the tank can be 
safely tilted or completely inverted to agitate 
the contents. Films or plates are loaded into 
the grooved rack in the darkroom. Usually 
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the plates stand on edge, but in one pattern of 
tank they lie horizontally. 

Sheet films are held by the edges in special 
carriers or frames which slip into the grooves 
in the same way as a plate. After the tank has 
been loaded in the darkroom, all the normal 
processing operations can be carried out in 
daylight. 

Metal T anka . These plate t anks are, nowadays, 
usually made of stainless steel; formerly they 
were of nickel. Both these materials are vastly 
superior to plated brass which is sometimes 
employed in the cheaper types of tank. The 
plating soon wears or chips off the surface, 
leaving the brass exposed. Copper in the 
brass is readily dissolved by the developer and 
leads to chemical fog during development. 
Only a few parts per million of copper in the 
developer will cause severe fogging of any 
photographic material during development. 
Hence brass or other copper-containing 
materials are never used in photographic pro- 
cessing equipment. Porcelain and glass are 
probably the best materials, though they are 
readily broken. 

Stainless steel has the advantage of being 
unbreakable and if correctly treated during the 
manufacture of the equipment, can give 
excellent service. It cannot be used in con- 
junction with certain solutions (e.g., bleaching 
baths) used in colour processing. All stainless 



PLATE TANK. The plates are carried in a stainless steel rack 
which in turn fits inside the tank. The latter has provision for 
filling and emptying. It closes hermetically, and is turned upside 
down for agitation. Sheet film may he accommodated in 
special stiff frames of plate size. The racks also serve for 
washing, and even drying. Alternative plate tanks may have 
grooves In the tank body to take the plates. 
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steel equipment must be thoroughly washed 
after use to prevent chemicals (particularly 
hypo) from crystallizing out on the surface, 
otherwise it soon corrodes. Stainless steel 
also corrodes if it comes into contact with 
steel wool. 

Ebonite Tanks. Hard rubber (ebonite) is often 
used in the construction of processing equip- 
ment for professional use and gives very satis- 
factory service in temperate climates. But 
prolonged exposure to heat softens it and may 
distort its shape. Hard rubber tanks cannot 
be manufactured with the same precision or 
finish as the moulded plastic types. 

Plastic Tanks. One type of moulded plastic 
tank holds four plates in closely-spaced grooves 
formed in the walls of the tank. Tanks of 
this sort have a remarkably small solution 
capacity but the spacing between plates is so 
narrow that efficient agitation is difficult. 
Film Pack Tanks. Film packs are usually 
developed in special tanks because the film 
base on which they are coated is thinner and 
less rigid than that of sheet film. 

One of the earliest film pack tanks made use 
of a partitioned cage into which the individual 
films were loaded in the darkroom. The cage 
was divided into twelve sectors by radial parti- 
tions and the individual film pack sheets were 
folded lengthways, emulsion inwards, to fit into 
the compartments. The loaded cage was 
placed in the tank, which had a water-tight lid, 
and processing took place in the darkroom. 
Darkness was only necessary when pouring 
solution into or out of the tank. 

A more recent tank for film packs contains 
a spool with rectangular ends which have 
curved grooves moulded on their inner faces. 
Film pack sheets are loaded into the spool by 
sliding them along the grooves from the open 
end so that they lie on edge and slightly 
curved, facing the core of the spool. Up to 
twelve films can be loaded and developed at one 
time. The tank is fully light-trapped and a 
darkroom is needed only for the actual loading. 
Commercial Plate Tanks. Tanks for develop- 
ment of plates and sheet film of sizes used in 
commercial photography are a good deal 
larger than those commonly used by amateurs. 
They are intended entirely for darkroom use 
and are not adapted for daylight loading or 
manipulation. They are mostly made of hard 
rubber, although stainless steel is becoming 
steadily more popular, in spite of its higher 
cost. These tanks are usually employed in sets 
of two or three; one each for developer, fixer 


and, possibly water rinse or acid stop-bath. 
They are provided with close-fitting covers and 
a floating lid to preserve the developer from 
oxidation whilst the tank is not in use. 

Since these tanks are used to develop films 
or plates up to 8 x 10 ins. or larger — and several 
plates may have to be developed simultaneously 
— they are usually of several gallons capacity. 
Three-gallon tanks are widely used and the 
principal photographic manufacturers supply 
developers ready weighed in the form of packed 
chemicals for this size. These developers have 
a good keeping life and, if the air is kept away 
with a floating lid, they last for weeks. 

X-ray Film Tanks, Still larger tanks are used 
for X-ray film. These tanks must be able to 
take films up to 14 x 17 ins. They are sold in 
sets of four tanks, one for developer, one rinse 
tank, one fixing tank, and one washing tank. 
All four tanks are supported on a strong 
wooden stand, and the developing tank has a 
lid to protect the film from the darkroom 
illumination during development. 

Special stainless steel hangers support the 
plates or films in the solutions in the tanks. 
Films are usually held taut in a frame provided 
with spring-loaded clips which grip the film 
firmly at each comer. Plates slide into a frame 
of channel-section. 

For processing X-ray films in quantity (up 
to 60 per hour in the largest sizes), as in the 
radiographic department of a hospital, special 
processing units are available. These have a 
stout tank, divided into two compartments; the 
larger holds the solution tanks and the smaller 
serves as a washing chamber. The processing 
tanks stand in water which is maintained at a 
constant temperature by a thermostatically 
controlled heater. 

Three processing tanks are provided, one for 
developing and two for fixing; between the 
developing and first fixing tanks there is a 
spray-rinse compartment where a water spray 
removes surplus developer from the film and 
prevents it being carried over into the fixer. 
Two fixing tanks are provided because fixing 
takes about twice as long as developing and to 
prevent congestion in the fixing tank each film 
spends the same length of time in each tank. 

Washing takes place in a strong current of 
water in the washing compartment, and a small 
tank in the washing compartment holds wetting 
agent into which the washed films are briefly 
dipped to assist even drying. G.B.M. 

See also : Processing machines. 

Book: Developing, by C. I. Jacobson (London). 


TANNIC ACID. Tannin. Hardening agent in 
scratch-proofing solutions. 

Characteristics: Brown powder. 

Solubility: Very slightly soluble in water at 
room temperature. It is best dissolved in 
boiling water, cooling the solution afterwards. 


TANNING DEVELOPER. Type of developer 
which tans or hardens the gelatin in a sensitized 
emulsion. This tanning action is proportional 
to the silver forming the image in the emulsion. 

Tanning developers are necessary for 
certain processes in which a relief image is 
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required — e.g., dye transfer. The effect can also 
be employed to prevent excessive highlight 
densities in a negative. 

TAUPENOT, J. M., 1824-56. French pro- 
fessor of chemistry and physics. Invented in 
1855 the Taupenot Dry Plates. These were glass 
plates coated first with silver iodide collodion 
and then with albumen ; they were prepared in 
advance and required only supplementary sen- 
sitization in a silver bath before use. They 
produced good images and were convenient 
for outdoor work, but required longer expo- 
sures than wet collodion plates. 

TAYLOR, HAROLD DENNIS, 1862-1943. 
English lens designer and manufacturer of 
optical instruments. In 1893 designed and 
patented the Cooke triplet lens which, owing 
to its simple construction and outstanding per- 
formance, became very popular. The Cooke 
design provided a foundation on which many 
subsequent advances in photographic lens 


design have been based. In 1896 suggested the 
use of thin coatings on lens components to 
diminish reflections. Patented in 1885 an 
exposure meter, the first of many patents for 
which he was responsible. Also wrote on 
optics; his book A System of Applied Optics 
(1906) was the first important English book on 
applied optics to have been published for 
nearly 100 years. Another of his books. The 
Adjustment and Testing of Telescope Objectives, 
is still a current reference work. H. D. Taylor 
was not related to the firm of Taylor, Taylor 
and Hobson Ltd., although they manufactured 
his triplet lens. Received the Progress Medal of 
the Royal Photographic Society in 1935. 

TAYLOR, JOHN TRAILL, 1827-98. English 
writer on photography. Editor (from 1864 to 
1898) of the British Journal of Photography and 
the British Journal Photographic Almanac. The 
Royal Photographic Society instituted in 1898 
the Traill Taylor Memorial Lectures in his 
memory. 


TECHNICAL CAMERA 


The old type of field camera with its full 
range of adjustments and movements of lens 
and camera back was the ideal photographic 
instrument for an appreciable number of static 
subjects requiring extensive image control. The 
field camera principle has accordingly sur- 
vived to the present day in a more modem 
version, the technical camera. This is used for a 
variety of subjects in technical, commercial, 
and even medical photography. 

Negative Material. Technical cameras almost 
invariably take plates or sheet film in single or 
double plate holders. They are made in various 
sizes from 2£ x 3J ins. (6-5 x 9 cm.) to 8 x 10 
ins. (20 x 25 cm.). The most commonly used 
sizes are 4x5 ins. (10 x 12-5 cm.), the 
continental 9 x 12 cm. format, half-plate 
(4J x 61 ins. or 12 x 16 cm.), 5x7 ins. 
(continental equivalent 13 x 18 cm.), and 
whole-plate (61 x 8J ins. or 16 x 21 cm.). 

Film packs can be used in film pack adapters 
in the same way as sheet films or plates, but are 
rarely economical or convenient for the type of 
subject covered with a technical camera. 

Removable roll film holders may be fitted in 
special circumstances, but rarely otherwise. 
Similarly, there exists even a technical camera 
taking 35 mm. film, but this is very much an 
exceptional model. 

The Monorail Camera. Many modem technical 
cameras are built on the principle of an optical 
bench. The basis is a single or double rail unit 
with the lens panel and the camera back on 
movable carriers. The rail itself may be square 
or round in section. 

The single or monorail design is the more 
widespread of the two, and is particularly 


versatile. It will caiTy not only the front and 
rear unit, but can if necessary take a centre 
frame as well, thus providing extra long bellows 
extension with two bellows. All the units move 
independently on the main rail, which in some 
cameras can even be extended by additional 
sections. The focusing range is thus almost 
infinite, permitting close-ups down to a few 
inches and macrophotographs with a con- 
tinuously adjustable magnification up to 
several times natural size. 

The independent movement of the front and 
back units (i.e., the lens standard and the 
focusing screen holder) on the rail further pro- 
vides a choice of rear or front focusing methods. 
This permits very precise control of sharpness 
as well as image scale. 

The whole rail unit is usually mounted on a 
tripod or stand by means of a tilting head, 
providing a full range of inclinations and tilts 
in all directions. Sometimes the rail itself can 
also be racked forwards and backwards, carry- 
ing the whole camera with it, for fine control 
of subject distance without changing the lens- 
film separation (e.g., when a fixed scale of 
reproduction is required). 

All the movements along the rail are usually 
controlled by rack-and-pinion drives operated 
by means of suitably placed knobs. Once the 
position or adjustment of any component is 
settled, the movement in question can generally 
be locked by appropriate clamping nuts or 
levers. 

Orthodox Designs. A number of technical 
cameras, however, still favour the more tradi- 
tional field camera design, with a baseboard 
hinged to the camera back. The baseboard 
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contains sets of extending runners which in 
turn carry the lens standard. Movement along 
one set of runners provides the normal focus- 
ing range. This set in turn moves within one or 
more further runners for extra-long lens-to- 
film distances. With all the runners themselves 
fully pulled out the camera takes close-ups at 
double and triple extension up to a magnifica- 
tion of twice natural size. Macrophotographs 
on still larger scales of reproduction are possible 
with short focus lenses. 

The movement of the bottom unit of runners 
is generally linked to a rack-and-pinion drive 
or a pivoted lever movement for fine focusing. 
The second set of runners is adjustable by hand, 
as is the movement of the lens standard on it. 
These adjustments control the over-all exten- 
sion and coarse focusing. 

Normalfy the baseboard, when opened, is 
fixed at right angles to the camera back, being 
held rigid by means of struts. The baseboard 
can also drop down at a greater angle so as to 
be out of the way when using wide angle 
lenses; otherwise the front end of the baseboard 
might intrude in the field of view of the lens. 
Camera Movements. The technical camera 
carries more extensive adjustments than any 
other photographic equipment, to permit a 
high degree of control over proportions and 
perspective of the image. It is the ideal camera 
for the various techniques of corrective photo- 
graphy, including compensation and deliberate 
introduction of distortions in various directions. 

The main adjustments are vertical and side- 
ways movements of the back and the lens 
standard, and horizontal and vertical swings of 
botl\ units. 

For vertical movement of the lens unit (rising 
front), the lens panel itself, or a frame carrying 
it, slides on runners in the main support of the 
lens standard. On some models this movement 
is controlled by a screw gear or rack-and- 
pinion gear worked by a small knob for fine 
adjustment. In most cases a clamping screw 
fixes the position after adjustment. 

For horizontal movement (cross front) the 
whole lens standard slides sideways. This again 
may be controlled by a screw gear. A plainly 
visible . locating mark (often with a catch) 
Indicates when the lens is correctly centred. 

On some technical cameras (especially the 
monorail type) the back unit provides similar 
movements. 

The swinging movement of the back takes 
place around a vertical as well as a horizontal 
axis. Several designs are in use. 

On many monorail cameras the frame carry- 
ing the plate holder swings around a horizontal 
axis at the centre of the rear standard. The whole 
standard in turn rotates about a vertical axis on 
the bad or support which rides on the rail. Both 
movements can be clamped at any point. Alter- 
natively, the whole standard may tilt forward 
or back on its support, being hinged at the 
bottom. Some or all of these movements may 
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be controlled by screw or similar gears for fine 
adjustment. 

For specially accurate and reproducible 
work the camera movements may be fitted with 
vernier scales to indicate the exact angle of 
swing in any direction. Again a positive stop 
or catch permits quick aligning and centring of 
all components in their basic position. 

The front unit of a monorail camera fre- 
quently duplicates the adjustments of the rear 
unit. In some models the two are interchange- 
able, with removable bellows. 

The more orthodox technical cameras of the 
field camera type usually have an extending 
back. This is connected to the main rear unit 
by a second set of bellows, and can be extended 
at the top or at the bottom only if required, 
thus providing the swing movement about a 
horizontal axis. Sliding brackets carry the 
extending back, and are clamped in position 
when the required adjustment has been carried 
out. Swing movements about a vertical axis 
follow a similar principle, with in some cases a 
second extending frame to make the two move- 
ments independent of each other. 

An alternative design has the extending back 
connected by ball joints to four sliding rails 
which move in and out of the main rear unit. 
The rails can be extended unequally if re- 
quired. 

In all these cases the extending back takes 
the ground glass screen and plate holders. 
Sometimes the screen mounting rotates for 
changing over from a horizontal to a vertical 
image format without moving the camera. This 
rotation also makes for accurate framing of the 
image on the screen and permits sideways tilts 
of the image frame. Accurate framing is parti- 
cularly important with large plate sizes, since 
the negatives are frequently printed by contact 
and thus will not stand cropping. 

Optica] and Shutter Equipment. The lens of a 
technical camera is invariably mounted in an 
interchangeable lens panel. Lens changing thus 
involves simply unclipping one panel and 
replacing it by another one. 

The lens panel may also carry a between-lens 
or behind-lens shutter. Many technical cameras 
do not, in fact, include a shutter at all, as 
exposures are often long enough to be made by 
uncapping the lens. Alternatively a front-lens 
roller-blind type or diaphragm shutter is used 
as an accessory unit. 

A long bellows may be somewhat unwieldy 
when used with a wide angle lens, since the 
weight of the bellows when compressed may 
make it sag. Monorail cameras with inter- 
changeable bellows therefore usually provide 
a set of specially short wide angle bellows. 

Technical cameras are always used on a 
tripod and the picture is arranged and focused 
on the ground glass screen. Operation is slow, 
but the subjects photographed with a technical 
camera are nearly always static. L.A.M. 

See also: Camera movements; Field comer 4. 




MONORA/L TECHNICAL CAMERA. Derived from die older types of field camera , the present-day technical camera is built 
on the lines of an optical bench based on the monorail. All the units are individually adjustable in every direction to give the 
maximum operational flexibility. The lenses and shutters are interchangeable, and plates or sheet films are invariably used. Nega- 
tive sizes range from 2$ x 3J ins. to 8 X 10 ins., the most popular formats being 4x5 and 4J x 6| ins. Top left: General view 
of 4x5 ins. technical camera against a I in. grid. Top right: Front view. Bottom: Side view. 

A, front panel carrying lens panel and front end of bellows. B, bellows ( usually interchangeable). C, rising and falling f ront adjust- 
ment. D, front standard, swings horizontally. E, horizontal front swing adjustment. F, front bracket with cross front movement and 
swing about vertical axis. G, carrier of front unit with front focusing adjustment. H, monorail base, I, centre support with centre 
focusing adjustment (for moving whole camera forward and back). J, pan and tilt head mounted on camera stand. K, interchange- 
able lens panel. L, flash-synchronized shutter. M, lens. N, shutter release. O, camera back (swings about horizontal axis). P, 
rotating screen carrier. Q, plate holder guides. R, ground glass focusing screen. S, back swing control. T, rear bracket with 
vertical swing. U, rear focusing adjustment ( for occasions where the lens-subject distance has to be kept constant). 
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TECHNICOLOR. Colour process in which 
positive prints in colour (generally cine- 
matography films) are made by dye transfer or 
imbibition. 

The basic principle of the process lies in 
the use of separate matrices which super- 
impose yellow, cyan, and magenta dye images 
in register on the final support. 

The matrices are made from three colour 
separation negatives which may be produced 
in a number of ways. There is a special Techni- 
color three-strip camera which exposes three 
separate films at once; most integral tripack 
materials can be used directly or indirectly 
to produce the separate matrices. Coloured 
cartoons can be photographed on a single 
strip of film, the three separations for each 
frame being initially photographed on to three 
frames, each through the appropriate tri- 
colour filter. 

The outstanding feature of the system is its 
flexibility; often several negative making 
methods may be used in shooting the same 
picture and all are subsequently printed in 
Technicolor. 

A great advantage of Technicolor is that 
large numbers of identical prints can be made 
at a relatively low cost because the raw stock 
used in the final prints is very similar to 
ordinary black-and-white stock, whereas most 
other processes call for highly specialized and 
expensive materials. 

See also : Dye transfer colour prints. 

TELEPHOTOGRAPHY. Long-distance photo- 
graphy depends on having the right apparatus 
and on knowing how to exploit it. 

Technically, we can employ a long focus lens 
to magnify the image on the negative, or we 
can enlarge a small portion of a negative when 
printing, or we can combine both methods. 
Physically, the enlargement from a small 
portion of a negative is controlled by the grain 
size of the photographic emulsion. Sharpness 
is measurable and, within reason, the larger 
the negative image, the greater the resulting 
sharpness. The effect of perspective must also 
be considered because, although quite correct, 
it can appear to be falsified. 


Rigidity. When using long focus or telephoto 
lenses on any camera, absolute rigidity is 
essential. When highly magnified images are 
recorded, the slightest camera movement will 
also be magnified and blur the image. 

A reflex camera is particularly suitable for 
use with long focus lenses, firstly because most 
reflex cameras have provision for considerable 
camera extension, and secondly because the 
magnified image can be examined on the top 
focusing screen up to the actual moment of 
making the exposure. However, heavy lenses 
used with a long camera extension upset the 
point of balance when the camera is attached to 
a tripod. For this reason it is often helpful to 
mount the camera on a long baseboard which 
offers a direct support for the lens and can be 
mounted on the tripod at the point of balance. 
Some very long focus lenses have a tripod bush 
on the mount, and the camera (as the smallest 
part of the assembly) is attached at the end of the 
lens barrel. With miniature cameras, telephoto 
lenses are often set in very light alloy mounts to 
reduce the tendency to overbalance. 

Prism monoculars (one half of a prism 
binocular) can also be mounted in front of the 
camera lens for telephotography. They act as 
afocal attachments, increasing the focal length 
of the camera lens 8 or more times; certain 
models are marketed specially for this purpose 
with provision for rigid mounting. 

The whole question of rigidity becomes very 
acute when long-distance photographs are 
taken from high viewpoints and exposed posi- 
tions subject to strong winds. 

Lens Hood. When a very long focus lens is 
adapted to a small camera, only a compara- 
tively small centre portion of the image is 
recorded on the negative. 

Unless extraneous light is effectively trapped 
it will be reflected off the inside of the lens 
barrel and impinge on the film as a general 
diffused light causing all-over fog. The hood 
may have to be exceptionally long and well 
designed to obtain a brilliant negative image 
free from diffused light. 

In expensive miniature outfits these stray 
reflections are not so obvious because the 
lens has a mount or barrel which is well matted 





TELEPHOTOGRAPHY. Left: Camera with standard lens comparatively near to subject yields image with normal perspective 
rendering. Right: Camera with telephoto lens will yield normal size image at much greeter subject distances. Perspective Is 
however, flattened, and the subject appears to have little depth In the picture. 
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inside and acts as a light trap. With such lenses 
a good lens hood of more normal proportions 
is effective. 

Filters. Light coming from distant objects is 
apt to be “scattered” on the way. The maximum 
scatter is at the blue end of the spectrum and, 
in particular, in the ultra-violet. The human eye 
is especially sensitive to green and it is not 
nearly as sensitive to ultra-violet light as a 
photographic film. This is why distant objects 
seen clearly by the eye so often appear unsatis- 
factory when recorded in a photograph. To 
add to this effect, the intense brilliance of many 
distant views in comparison with the dullness 
of the immediate foreground may lead to over- 
exposure. This makes matters worse by expos- 
ing the emulsion to even greater amounts of the 
diffused near-ultra-violet rays. 

With panchromatic film, a pale filter de- 
signed to eliminate the ultra-violet band of 
the spectrum may be helpful without affecting 
the general colour balance of the subject. A 
green filter — i.e., a so-called full correction 
filter — will do the same thing to a greater 
degree and also improve the general colour 
balance. Much greater distant detail can be 
recorded by the use of a red filter, but only at 
the expense of the natural colour rendering. 
The maximum haze-penetrating effect (and 
greatest falsification of tones) is obtained on 
infra-red film used in conjunction with infra- 
red filters. By this method it is often possible 
to record distant detail not detectable by the 
human eye. 

At the same time, light scatter in the shorter 
wave bands is produced by the presence of 
haze in the atmosphere. This can be penetrated 
by infra-red rays. But where dirt or carbon 
particles (smoke and dirty fog) are present 
it is impossible to obtain a clear result even 
by the use of infra-red technique. Therefore 
long-distance views in manufacturing areas 
are often disappointing. As a rule the best 
effects are obtained after the air has been 
washed by heavy rain, when clear visibility 
follows f or a short period. 

Perspective. Because of the abnormal focal 
length used in a telephoto picture, the natural 
perspective appears falsified if the picture is 
viewed from the usual distance of 10 ins. The 
nearest object in the picture may be a building 
about a quarter of a mile away, whilst the most 
distant object is some ten or fifteen miles 
beyond. In the resulting picture the two objects 
will appear comparatively close. This effect is 
further emphasized where deep filters or infra- 
red technique has removed even the natural 
haziness of the distance. Falsified tone values 
are then added to the flattened perspective to 
exaggerate the unfamiliar effect. 

The great variation in the technique avail- 
able when photographing long-distance views 
makes it possible to exercise considerable per- 
sonal taste. Unless the photographer is deli- 
berately sacrificing everything else to record the 
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maximum detail, the various alternatives at his 
disposal can be adapted to produce creative 
effects far beyond the scope of mere topo- 
graphical records. Many distant views are en- 
hanced by the pictorial subject matter either in 
the foreground or middle distance. To narrow 
the view by means of a long f ocus lens may be to 
eliminate much of the charm. But if some nearer 
objects are included, the problem is usually 
how to compress the tone scale to obtain 
sufficient exposure in the foreground whilst 
not over-exposing the distance. The solution 
^ usually to be found in using suitable colour 
filters and taking care not to over-expose the 
negative. B.A. 

Book: Photographic Optics , by A. Cox (London). 

TELEPHOTO LENS. Lens that gives a 
bigger image than a normal focus lens without 
moving the camera closer to the subject and 
without using more than the usual normal 
camera extension. 

This is especially useful with miniature and 
‘cine cameras taking interchangeable lenses, 
where long focus constructions are apt to be 
disproportionately heavy and bulky compared 
with the size of the camera. A telephoto lens 
under those circumstances yields images of 
equal magnification for only a fraction of the 
size of the unit. 

The optical construction of a telephoto lens 
comprises two groups of lenses. The front 
group acts as a converging lens system, while 
the rear group — often separated by an appre- 
ciable distance from the front on# — acts as a 
diverging lens unit. 

Each group may be quite complex, com- 
prising up to three elements per group to 
correct aberrations. 

The front unit converges the rays from the 
subject, while the rear unit partly cancels this 
convergence. As a result the cone of light 
reaching the film appears to converge from a 
point some distance in front of the front unit. 
In other words the rear nodal point of the 
complete lens system is not inside the lens at all, 
but in front of it. 

The distance from the rear glass of the lens 
to the film or plate is the back focus and is 
important when mounting the lens in the 
camera. In this instance the back focus is much 
shorter than the equivalent focal length (i.e., 
the distance from the rear nodal point to the 
focal plane) — a characteristic feature of all 
telephoto lenses. 

Power of Telephoto Lens. The equivalent focal 
length divided by the real distance of the back 
of the lens from the film (the “back focus") 
gives the power of the telephoto combination. 
If the equivalent focal length is say, 12 ins. 
and the back of the lens is 4 ins. away from 
the film when focused on an object at infinity, 
the power of the lens is 12/4 = 3, usually 
written 3 x . The power is approximately equal 
to the magnification produced by the lens. 
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TELEPHOTO LENS. Top* fKe lens consists of a front converging, and a rear diverging element. Both nodol points are in effect 
in front of the lens system. Bottom: The back focus of o telephoto lens Is shorter than its focal length. A. front element. B, rear 
element. N, and N|, nodal points. F, equivalent focal length of whole system. BF, back focus. 


Early telephoto lenses were made to give 
magnifications up to 10 x, and the power of 
9ome types could be varied by adjusting the 
distance between the back and front com- 
ponents. A few lens makers supplied an acces- 
sory that turned the normal camera lens into 
a telephoto. This was simply a diverging lens 
group mounted at the back of a tube. The tube 
was fitted in place of the normal lens, and the 
normal lens was then mounted at the front 
of the tube, giving a conventional telephoto 
combination. 

Modem telephoto lenses for still cameras 
have a fixed magnifying power, generally of 
not more than 2x or 3x and are made in 
apertures up to/3-5 and greater. 

Telephoto lenses of greater magnification 
and aperture than this are made for motion- 
picture photography and press work. Variable 
focus lenses are used to-day on movie cameras 
to give distance-to-close-up transition effects 
without moving the camera. 

Inverted Telephoto Lenses. The telephoto 
principle is used in reverse to give longer 
instead of shorter back focus distances. This 
extra distance between lens and film is neces- 
sary in cameras like those used for Technicolor 
work where prisms and other mxhanism have 
to be accommodated between the lens and the 
film. A diverging component in front of the 
normal converging camera lens in this case 
gives a short-focus combination with a long 
back focus. 

Variable Focus Types. Variable focus tele- 
photo lenses have some means of altering the 
distance between the front converging and rear 
diverging elements. 

Lenses of this type can be made to give 
magnification from 2x to lOx and over, but 
they are not easy to correct for aberrations 
over the whole range. 

Increasing the focus of the lens by moving 
the back component automatically lowers the 


relative aperture: if the magnification is 
doubled, the light falling on the film has only a 
quarter of its original intensity and the relative 
aperture of the lens f alls two stop values. 

This type of lens was popular in the days 
when all cameras had to be focused on a focus- 
ing screen, and they are still sought by owners of 
old type single lens reflex cameras. But they are 
generally unsuitable for use with scale focusing 
cameras. This and the need for correcting for 
change of /-number at every change of magni- 
fication, has resulted in their becoming almost 
obsolete. 

Film studios use a special type of variable 
focus lens to give a quick transition from a 
distant to a close-up shot. In this lens the 
change of relative aperture and the effect of 
aberrations is automatically compensated for 
as the handle is turned to alter the focus. F.P. 

See also: Lens history; Telephotography; Variable focus 
lens; Wide angle lens , 

Book: Photographic Optics , by A. Cox (London). 

TELEVISION CAMERA. The camera used 
for taking the television picture is similar in 
principle to an ordinary photographic camera — 
i.e., it consists of a light-tight box with a lens 
in a focusing mount at one end, and a light 
sensitive surface at the other. The light re- 
flected from the scene to be televised is collected 
by the lens and focused on to the light sensitive 
surface. Here the similarity between the two 
types of camera ends. 

In the photographic camera, the optical 
image is transformed into a negative consisting 
after it has been processed of metallic silver. 
The density of the silver at any point is roughly 
proportional to the brilliance of the optical 
image; the brighter the image, the denser the 
deposit. 

Principle. In the television camera, the optical 
image is transformed into an electrical signal. 
It is the electrical potential of the signal in 
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this case that is proportional to the brilliance 
of the optical image. 

In place of the plate or film of the photo- 
graphic camera, the television camera has a 
special type of light sensitive surface consisting 
of over 2 million light sensitive elements 
deposited on a sheet of insulating material, 
usually mica, with a continuous coating of 
metal on its reverse side. 

The sheet holding the mosaic of light sensi- 
tive cells, with its metal backing plate, is 
mounted in a tube somewhat similar to the 
cathode ray tube in a television receiver. 

The camera tube is mounted inside the body 
of the camera in such a position that the optical 
image formed by the lens is thrown on to the 
screen of light sensitive cells. Wherever light 
falls on one of the light sensitive cells, it 
generates a minute local electric charge. 
Brighter portions of the picture produce charges 
of a higher potential, so the distribution of 
potential over the whole mosaic constitutes an 
electrical analogy of the visual image. 

Scanning the Image. The electrical image is 
converted into a continuous electrical signal 
by scanning the mosaic with a narrow beam of 
electrons emitted by an electron “gun” in the 
neck of the tube. This beam covers the whole 
picture in a pattern of horizontal parallel 
lines. (In the B.B.C. cameras the beam scans 
the mosaic with 405 lines 25 times a second; 
American and some European systems scan 
525 lines, 30 times a second.) 

As the beam strikes each light sensitive 
element, it discharges the potential built up 
by the image at that point. The sudden dis- 
charge of the individual elements produces a 
corresponding change of potential in the metal 
backing plate due to the electrostatic field 
existing between the elements and the plate. 

The changes in potential of the backing plate 
are amplified and transmitted in the form of a 
short wave radio signal. This signal is picked 
up by the receiver and transformed into a 
visible picture. 

Special Cameras. In addition to the camera 
described above, special types have been 
developed for colour transmission and under- 
water shooting. These function on similar 



TELEVISION CAMERA. Any one of the three lenses In the lens 
turret can be brought to focus the image on the photo-sensitive 
cathode of the image tube . The viewfinder is mounted on top. 
The whole unit is on a sturdy tripod or camera crane. 


principles to their photographic counterparts, 
although are not yet in common use. Experi- 
mental stereoscopic transmissions have also 
been attempted. F.W.G. 

TELEVISION SCREEN PHOTOGRAPHY. 
It is a fairly easy matter to take reason- 
ably well defined photographs of pictures on 
the screen of a television set. Within limits any 
camera can be used. 

The S<xeen Picture. The image on the television 
screen is produced by a very narrow beam of 
electrons generated in the cathode ray tube. 
The screen consists of a coating of fluorescent 
material on the end of the tube. 

When the electron stream (the cathode ray) 
strikes the screen, the fluorescent material 
glows visibly producing a bright spot on the 
end of the tube. This spot glows more or less 
brightly according to the strength of the cathode 
ray which in turn is controlled by the signal 
received by the set. When the set is working, 
the spot is made to “scan” the whole area of 
the screen — i.e., it is made to travel very rapidly 
in a pattern of horizontal parallel lines. As the 
spot traverses the picture space it is “modu- 
lated” by the incoming signal and generates 
an image. 

Minimum Shatter Speed. In the present B.B.C. 
television system, the receiver picture is the 
sum of two sets of lines, one set occupying the 
spaces between the other. Each scans the 
picture space in 1 /50 second, so it takes 1 / 25 
second to produce a complete picture. It 
follows that an exposure of less than 1/25 
second will show only part of the screen image. 
This limits the shutter speed to not less than 
1/25 second. American systems with a scan- 
ning time of 1/60 second call for a shutter 
speed of 1 /30 second. 

Definition. There are 405 lines across the width 
of the picture, and this number is the same no 
matter what the size of the screen. This figure 
governs the definition of the picture. 

If the screen is 10 ins. high, then the image 
will have 40-5 lines per in. A photograph 
of the image 5 ins. high would therefore have 
81 lines per in. So the lines are always more 
obvious than the grain of the fastest film or the 
shortcomings of the cheapest lenses. The figure 
of 40-5 lines per in. limits the rendering of detail. 
On American screens the number of lines is 
525 and a few European systems use this 
number or a still higher one. 

Taking the Photograph. The camera should be 
set up on a steady tripod with the lens opposite 
the centre of the screen and the back parallel 
to its surface. For a 12 ins. screen, the camera 
should be about 3 feet away — if it is closer 
than this, the depth of field of the lens will 
not be sufficient to allow for the curvature 
of the end of the tube. When measuring the 
distance it is necessary to add an inch or so for 
the space between the end of the tube and its 
protective glass window. 
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TELEVISION SCREEN IMAGE: The picture is built up by a 
scanning beam which in one cycle covers the screen with a set of 
scanning lines, followed by a second interlaced set ( starting 
top right). The camera exposure must cover at least one, or 
a whole number of, complete image cycles. 

As the screen image tends to be over-con- 
trasty, the receiver controls should be set to 
give a soft picture. Tube characteristics vary 
so the best exposure must be found by trial 
and error (an exposure meter is useless). 
With the lens stopped to /4, test exposures of 
1/5, 1/10, 1/20 second should give one satis- 
factory negative. A shutter speed less than 
1/20 second will not give a complete picture. 

Such exposure times can only be used when 
there is little or no movement on the screen. 
So it is advisable to choose a programme that 
is going to be repeated and to use the first 
transmission for making notes of the moments 
where the action is suitably restrained. 

As grain is unimportant it is as well to use a 
high speed panchromatic film. 

Care should be exercised in the use made of 
pictures taken from the television screen. 
While generally the television companies 
would have no objection to photographs being 
taken for personal use, it should be remembered 
that copyright may exist in their productions and 
no commercial use should be made of the 
photographs without first obtaining their 
consent. 

Television Monitor for Press Recording. A 
television unit is made by at least one firm 
specially for photography of the televised 
picture. It is intended principally for use in the 
news departments of the daily press. 

The unit has a camera with electrically 
operated shutter release. Operation of the 
release automatically blacks out the picture 
tube, opens the camera shutter, brightens the 
picture tube for one or two complete frames, 
blacks out the picture tube, closes the shutter 
and then restores the television picture. This 
complete operation takes approximately i 
second. 

The advantage of this system is that there is 
no possibility of recording a fraction of a 
complete frame on the screen — as might occur 
with slight shutter speed variation. In other 
words the television screen and not the camera 
shutter controls the exposure. F.W.G. 

See also: Cathode ray tube traces. 


TEMPERATURE COEFFICIENT (DEVEL- 
OPER). Factor by which the development time 
of a developer must be multiplied to com- 
pensate for a fall in temperature of 10° C. 
(18° F.). The figure varies according to the 
developer — usually from 1-25 to 2-8. 

TEMPERATURE OF SOLUTIONS. The 
temperature at which a processing solution is 
used is important because it affects the rate 
of action of the chemicals involved and the 
gelatin of the emulsion. 

Effect on Rate of Action. The warmer a solu- 
tion, the quicker it works, but it always works 
at the same rate at any given temperature. 

Development times are therefore always 
quoted at a standard temperature (usually 
about 65-68° F., or 18-20° G). So long as the 
temperature of the developer is kept constant 
its rate of action will remain constant (other 
things being equal). For temperatures above 
and below the normal, the rate of action can 
be found by multiplying the standard time of 
development by the temperature coefficient. 

At low temperatures special rapid acting 
developers must be used, as otherwise pro- 
cessing times are inconveniently long. At very 
low temperatures anti-freeze agents may be 
necessary. 

Certain developing agents are almost inac- 
tive below 55° F. (13° C.). 

Fixing baths, intensifies, reduces, etc., all 
work faster at high temperatures than at low. 
Effect on Gelatin Layer. The higher the 
temperature of a processing solution, the more 
water the gelatin layer absorbs, and the more it 
swells. At the same time it becomes increasingly 
soft and sensitive to scratches and other injury. 

In its swollen state the emulsion must there- 
fore be handled very carefully. The surface 
should never be touched with the finges, or 
they may leave permanent marks. The extra 
warmth of the fingers on the swollen emulsion 
may even cause it to melt. 

At temperatures above 75° F. (24° C.) 
special hardeners must be used to counteract 
this softening and all solutions should contain 
neutral chemicals to prevent excessive swelling. 

Sudden changes in temperature from one 
solution to the next cause the gelatin layer to 
expand or contract irregularly. It then forms 
tiny wrinkles all over the surface, which look — 
and print — like very coarse grain. This effect 
is known as reticulation. The emulsion may 
also frill or form blisters by locally leaving the 
support as a whole. 

So all processing solutions must be at the 
same temperature, particularly in hot weather. 
There should be no more than one degree 
difference between developer and rinse or 
between rinse and hardening fixer, and no 
more than two degrees between the hardening 
fixer and the washing water. If the water is 
considerably colder than the fixing bath, the 
temperature must be lowered in stages by 
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passing the film or plate through successively 
colder baths down to washing temperature. 

The various solutions can be kept at a uni- 
form temperature throughout by standing all 
bottles, tanks, and dishes in a large dish of 
water. This should be a few degrees warmer 
(or, in hot weather, colder) than the processing 
temperature. The solutions should be left there 
for about half an hour before processing. Hot 
or cold water may be added from time to time 
to keep the temperature of this water bath 
constant. 

A more convenient method of warming up 
cold solutions is to use some form of heater, 
with or without thermostatic control. 

Emulsions coated on paper are less sensitive 
to temperature changes than films or plates, 
as the gelatin layer is much more intimately 
bonded to the paper grain. Most printing papers 
can safely be transferred from cold to hot 
solutions at up to 100° F. (35-45° C.) without 
harm. 

Optimum Processing Temperatures. The best 
temperature for developing, fixing, and after- 
treatment is the highest at which the material 
can be handled without risk of damage to the 
emulsion. 

The normally useful range of processing 
temperatures for films and plates is about 
60-75° F. (15-24° C.), with 65-68° F. (18- 
20° C.) as the optimum. Above this range there 
is a real danger of excessive softening of the 
gelatin, below it the development and other 
times become very long. 

In regions where extreme climatic condi- 
tions make it impossible to observe these 
temperatures (e.g., tropics, arctic, etc.) special 
processing solutions and procedure may be 
required. 

For papers, the safe range of temperatures 
extends up to about 85° F. (30° C.), and even 
higher. It is quite usual to process printing 
papers at 70-75° F. (21-24° C.). 

Special Processes. Certain processes, especially 
colour development and print toning, have very 
sharply defined optimum temperatures. 

Proasses which are based on dissolving away 
part of the emulsion layer, such as carbon, 
carbro, bromoil, gum-bichromate, etc., need 
temperatures round about 110-120° F. (45— 
50° C.). Most of the printing methods involving 
the reduction of chromates or bichromates in 
contact with gelatin or other organic materials 
fall into this category. 

A few special toning methods such as hypo- 
alum are worked at about 140° F. (60° C.). 
At such temperatures even paper emulsions 
must be hardened. L. A.M. 

See also: Cold weather; Hot weather processing; Polar 
photography; Tropical photography. 

TEMPLATES. Exact, full-scale patterns used 
as guides in cutting out or machining some 
part of a manufactured article or mechanical 
structure in quantity. 


Templates (which have been in use for over 
1 50 years) are usually flat, made of metal, wood 
or plastic, and carry constructional details to 
aid quick assembly. Although photographic 
production of such templates was suggested as 
early as 1910, this method was not applied on 
any scale until 1940, when it was adopted for 
use in the aircraft industry. A modem aircraft 
contains thousands of parts cut from tem- 
plates, and if templates laid out manually 
from data derived from blueprints are replaced 
by templates marked out photographically, 
thousands of pounds per prototype aircraft 
can be saved and the time between design and 
test flight shortened by months. 

In a typical photographic system, the 
working drawings are laid out on white 
painted metal in the drawing office (in the case 
of small parts), or on the loft floor in the case 
of the larger sheets (up to 5 x 10 feet) used in 
aircraft, boat and automobile drafting. The 
drawings are made on a dimensionally stable 
material, so it is practical to transfer the 
finished layout photographically to the metal 
from which the part is to be made. 

For small parts the original drawing may be 
made on ground glass or copied by reflex 
printing from metal to a glass plate — the reflex 
negative being then used for printing on to 
metal sheets coated with photographic emul- 
sion. For larger parts the original drawing is 
photographed on to glass plates and the nega- 
tives are subsequently projected at the required 
magnification on to sensitized metal. It is 
possible to use special sensitized materials 
from which the photographic emulsion can be 
transferred from a paper support to metal or 
wood surfaces. 

The metal prints are then cut out and be- 
come the templates or patterns. This projection 
process not only facilitates the production of 
scale models, but permits the correct allow- 
ances to be made for the shrinkage of castings 
when dies in other metals are required. 

In addition to the transfer sensitizing 
technique, some use has been made of metal 
sensitized by spraying with liquid emulsion. 

The demand for such processes has fallen 
appreciably since 1945 and, despite forecasts to 
the contrary, the system does not appear to 
have been widely used in other than the air- 
craft industry. D.A.S. 

TESSAR LENS. Lens related to the triplet 
type lens. Like the latter, it was one of the 
early forms to break away from the symme- 
trical type of lens which suffered from zonal 
aberrations and which was therefore limited 
to medium relative apertures of / 5 or/ 6. 

The Tessar utilizes collective and dispersive 
lens elements separated by air spaces to correct 
curvature of field and achieves wider relative 
apertures and useful angular fields. The change 
from a single rear collective element in the 
triplet to the cemented doublet at the rear of 
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the Tessar was a logical step forward which 
provided further improvements of zonal 
aberrations. 

The presence of a cemented contact surface 
in the rear component provides a useful con- 
trol over higher order aberrations and, since 
the expiry of the original Zeiss patents of 1902 
and later, this form has been modified for 
various purposes by nearly every lens manu- 
facturer. In the shorter focal lengths covering 
medium angular fields the relative aperture has 
been extended up to about / 2-8. The Tessar 
form has been used extensively in medium 
price and expensive cameras for all focal 
lengths at apertures of /3-5 and / 4-5 covering 
angular fields between 50° and 60°. 

The Tessar form has been found particularly 
useful for front-cell focusing since it can be 
designed so that variation of the front separa- 
tion between lens elements provides the re- 
quired change of f ocal length whilst the correc- 
tion of aberration suffers only small departures 
from the ideal balance. Inevitably there is a 
certain loss of definition and, generally, the 
lens is adjusted on the camera in such a way that 
the separation yielding best definition will 
focus objects at a medium distance. This 
ensures that focusing for infinity or short dis- 
tances does not demand considerable varia- 
tions from the ideal separation. 

With the introduction of new types of optical 
glass in recent years the Tessar type of lens 
has undergone further development and, 
whilst its general shape and construction 
remains unchanged, the modem lens attains a 
standard of performance superior to that of 
the earlier forms. G.H.C. 

See also: Lens history. 

TEST PAPERS. Strips of absorbent paper 
impregnated with indicators for testing the 
acidity, silver content, etc., of solutions. 

See also: Indicator chemicals. 

TEST STRIP. Narrow strip of sensitized 
material which is used to find by trial the most 
suitable exposure — generally for a contact 
print or enlargement, but also occasionally for 
a negative. 

The strip is exposed to light section by sec- 
tion in such a way that each section receives 
a constant multiple of the exposure given to 
the one preceding. The right exposure is 
determined by examining the developed image. 

It is quicker and cheaper to find the correct 
exposure with test strips than by trial and 
error. The disadvantage of the method is that 
each section of the strip shows a different part 
of the picture — and not always a characteristic 
part. 

There are special test-strip holders designed 
to overcome this disadvantage. The holder 
usually takes a strip of paper about 1 in. 
wide and 6 ins. long in a flat metal sheath. 
Only a small rectangle of the paper — about 



TEST STRIP HOLDER. Movement of the test strip by fixed 
distances indicated by notches brings successive portions of 
paper under same aperture. It thus records identical subject 
portions side by side on one strip of the paper. 

1 in. by J in. — is exposed, the remainder being 
covered by the metal mask that forms the top 
of the holder. The edge of the holder is marked 
to indicate how much the paper must be 
moved after each exposure step to give a con- 
tinuously exposed strip. 

The holder is laid on the enlarging easel so 
that the open section lies under a typical part 
of the negative. It is then pinned or weighted 
in position, and the paper strip is given the 
desired series of exposure. In this way the same 
part of the negative image is used for each step 
along the test strip. 

TEXTURE. Strictly, the arrangement of the 
constituent parts of a material — e.g., the weave 
of a fabric, the fibrous composition of wood, 
or the granularity of sandstone. 

In art — and by extension, photography— the 
term refers to the structure of the material in so 
far as it is apparent on the surface. The charac- 
teristic surface texture — e.g., of cloth, skin, 
brickwork — can be made more obvious by the 
use of hard lighting from the side. 

See al<o: Lighting the abject. 

TEXTURE SCREENS. A special pictorial 
purpose is sometimes served in breaking up the 
image by printing the enlargement through a 
texture screen. Such screens usually consist of 
a transparent film or plate, printed or engraved 
with a fine background pattern. This pattern is 
projected with the negative or printed by con- 
tact on the picture. 

The texture relieves the monotony of large 
areas of tone in much the same way as rough 
or textured paper surfaces. The effect is mainly 
suitable for subjects consisting of broad tone 
masses rather than a lot of intricate and dis- 
tributed detail. 

The range of patterns obtainable in texture 
screens is very much wider than that provided 
by paper surf aces. 

Screened Print Method. One way of giving a 
texture to the image is to lay a suitable screen 
on the printing paper. Screens for use in this 
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way may consist of an open fabric like silk, 
muslin, etc. There are also special screens sold 
which imitate the effect of etchings, gravures, 
etc. 

The screen is laid on the enlarging paper 
and pressed down with a glass plate to keep it 
in good contact. The print is then exposed in 
the normal way with possibly some adjustment 
in exposure. 

The screen is not often left in position during 
the whole of the exposure. With large patterns 
in particular, only a partial exposure is given, 
so that the real image can be seen even in the 
texture pattern. 

Screened Negative Method. The other way of 
using a texture screen is to place it in contact 
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with the negative in the negative carrier of the 
enlarger. 

The screen used may again be thin fabric 
like silk or muslin, or it may be a special texture 
negative made by photographing any desired 
pattern (e.g., textures of wood, stone, cloth, 
leather, etc.) for use as background to the 
picture. 

Where the screen is in contact with the 
negative, the texture effect may be diffused by 
the normal soft-focus methods. When very 
fine texture patterns are diffused in this way, 
they disappear in the shadow areas being over- 
laid by the spreading of light on the paper, and 
show through only in the highlights. L.A.M. 

See also: Soft focus; Tricks and effects. 
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There are two main approaches to theatre 
photography — the professional and the ama- 
teur. The professional is chiefly concerned 
with taking commissioned pictures of the 
production on the stage, and taking portraits 
of the actors either on the stage or in the studio. 
In practice the field is restricted to a handful 
of specialists who possess an intimate acquaint- 
ance with the needs of both the theatre manage- 
ments and the artists, and who are experienced 
in working tyithin the peculiar limitations of 
the stage itself. 

The amateur is mostly interested in taking 
photographs of the actual performance from 
the auditorium. This branch of photography 
has been made possible by the advent of the 
modern 35 mm. camera with its wide aperture 
lens equipment and the extremely fast pan- 
chromatic films which are available today. 

ON STAGE 

Stage photography involves taking photo- 
graphs on or around the stage itself, usually 
of a complete production. The management 
of the show, or their press representative, 
commissions the photographer, who is usually 
given the fullest co-operation by the actors and 
technicians. A period of one to four hours is 
set aside for this photo-call, usually on a day 
just before or shortly after the show opens. 
The prints are used for display in frames out- 
side the theatre, and for issue to the newspapers 
and magazines from whom editorial publicity 
is sought. (Editorial use of pictures means 
their reproduction in the parts of a publication 
under the direct control of the editor and his 
contributors. This type of space cannot be 
purchased and, whilst it is given free of charge, 
there is always the possibility that the com- 
ments of the critic will be unfavourable. Any 
photographs supplied by a theatre for editorial 
use are usually expected to be made available 
free of charge.) 


To be of value the whole procedure must be 
rapid from submitting proofs to completing 
the press and display prints. In addition, as 
the photographer does not know which press 
copies may be sent to newspapers with coarse- 
screen blocks and which to weeklies with the 
highest standards of reproduction, every print 
must be very carefully finished. In close-ups, 
the stage make-up and wig or false hair lines 
require a lot of discreet retouching if they are 
to be acceptable. For this reason most of the 
best stage photography has been done on 
quarter-plate or larger negative sizes. 

Cameras. Theatre time is expensive, and some 
forty different pictures may have to be made in 
about three hours. So some stage photographers 
prefer a quarter-plate single-lens reflex because 
it allows them to see the image right up to the 
moment of exposure, which makes for rapid 
working. Others, however, work almost as fast 
with the half-plate view or technical camera. 
Their familiarity with their instrument enables 
them to judge visually the effect of minor 
variations which may occur — or have to be 
made — between closing the shutter and drawing 
the dark slide ready for the actual exposure. In 
either case, at least two interchangeable lenses 
are carried: one of about 45°-50° angle of 
view, for groups and full-stage shots; and one 
of about 30° angle of view for close-ups and 
small group shots from a box or the circle 
of the auditorium. 

A plentiful supply of loaded plate holders is 
also necessary, as there is no time to spare for 
reloading. 

Oddly enough, the ruthless time limits, far 
from being a handicap, actually benefit the 
photographer who does not let himself get 
flustered by the pace and difficulties of theatre 
life. These conditions tend to produce interest- 
ing and lively pictures, because the actors can 
build up and retain the character and tempo 
of the piece much more effectively when they 
are not kept waiting about with little to do. 
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This is especially so in very light farces or 
revues, and for such shows a 6 x 6 cm. twin- 
lens reflex may well be used, as occasional 
minor defects in make-up and d6cor are of 
secondary importance to the capturing of some 
of the sparkle and animation of the show. It is 
also possible to use this type of camera for 
character plays or unglamorized dramas in 
small theatres, as such pictures also require 
little or no retouching. 

Emulsions. High-speed (but not super-speed) 
panchromatic films or plates are the usual 
negative material. (Several specialists prefer 
plates because they are easy to handle and can 
be enlarged without using a glass carrier.) 
Plates with a high sensitivity at the red end of 
the spectrum require the photographer to ask 
for darker lip make-up before his photo-call, 
unless he sacrifices some of the speed by using 
a pale blue filter. 

Colour is not much used because of the cost 
and because very few periodicals will accept 
publicity material for colour-reproduction. 
Colour prints for display are again too costly. 
Occasionally oil hand-colouring is used; but 
its cost and artificiality combine to limit its 
value. 

Lighting. Most experienced stage photo- 
graphers carry lighting equipment of their own. 
This simplifies exposure estimation and reduces 
loss of time in handling unfamiliar and often 
heavy stage lamps. The portable equipment 
usually consists of two or more 500 watt spot- 
lights on telescopic stands with rubber wheels, 
and at least one 1,500-2,000 watt floodlamp, 
similarly mounted. One or two hand-floods 
and ample cables and distributors feeding from, 
and interchangeable with the standard theatre 
plugboards, complete the outfit. Every advan- 
tage is taken of the apparatus of the theatre 
itself, and, in general, the basic lighting is 
arranged to retain the atmosphere of the pro- 
duction. It is usual, however to employ the 
footlights or a portable floodlamp to give more 
fill-in illumination than would be desirable at a 
public perf ormance. 

For ballet and acrobatic performances, but 
seldom for other work, two or more flash- 
heads, mounted on stands and used as if they 
were spotlights, are connected by synchronizing 
leads to the shutter. In view of the modest fees 
current in stage work, flash bulbs are less 
frequently used than electronic flash. 

Exposure. The stage photographer must see 
earlier rehearsals of the play so that he can 
prepare notes of the points in its progress 
which will make good pictures or which are 
essential to his collection of record shots (not 
always the same thing). Where possible, he 
notes down the actual spoken words to 
identify particular moments in the action. From 
these notes he prepares a photo-plot giving, 
scene by scene, the moments selected, with a 
note of the characters involved and other 
essentials. This is given at the photo-call to 


the stage director, whose job it is to call and 
check costumes of the actors and to supervise 
the changing of settings and props as the 
photographer works through the play. 

Each picture is roughly grouped and lit, 
the actors do a brief rehearsal of that particular 
passage of the play, and the photographer 
decides at which precise point the movement is 
to be arrested for the exposure. Then the 
grouping is improved by rearrangement of the 
characters, the lighting finally adjusted and 
the camera positioned exactly and made ready. 
Now, the actors go through the scene — acting 
as if in a public performance — until the deter- 
mined moment arrives. At this point the photo- 
grapher tells them to “hold it”, and while 
they “freeze” the action for an instant, he 
makes his exposure. Then he goes right on to 
the next picture; there is no time for retakes, 
unless the need is recognized immediately. 

Properly handled, more feeling of movement 
can be compressed into such a picture in this 
way than in any taken during a performance. 
Exposures vary widely; but average conditions 
will permit i second at /II on medium-speed 
panchromatic material. With high-speed pan- 
chromatic material and development for 
maximum speed, the 2i x 2J ins. roll film 
camera may use 1/50 second at /II under 
equivalent conditions. 

Processing. The larger cameras produce nega- 
tives of suitable quality for enlargement if 
they are developed in a soft working M.Q. 
formula. Development by time and temperature 
at tank strength is standard practice if only 
because of the large number of negatives 
made at each session. 2i x 2i ins. roll film 
users will need a fine grain formula giving full 
speed rating. 

Printing. The whole-plate or 8 x 10 ins. 
glossy prints for issue to the press must be 
made rapidly and in quantities, but the grain 
and quality must be good enough to permit any 
of them to be reproduced full-size in good 
quality magazines. It is impossible to know in 
advance which may be selected for this pur- 
pose from the dozens made. The display publi- 
city prints, 12 x 15 ins. in size and frequently 
larger, must be equal to any salon prints in 
quality, yet some thirty or forty of these 
must be produced within two or three days 
of taking. These prints will hang outside the 
theatre if the play is a success for a year or 
more, in all weathers, flooded with sunshine 
for hours each summer day, becoming humid 
in wet weather. Prints exposed to such condi- 
tions rapidly deteriorate unless they are given 
really thorough fixing and washing. For the 
same reason, only artists' quality water-colour 
may be used for print finishing. Dye is apt to 
fade or diff use into the surrounding image areas. 
Portraiture. Although at first sight a stage 
portrait is not essentially different from any 
other portrait, it is. in fact, a highly specialized 
type with its own very strict set of require- 
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ments. Portraits of stage personalities are 
needed for three main purposes : publicity and 
fan-mail, theatre display frames and job- 
getting. One portrait can seldom fulfil the 
requirements of all three purposes. 

Deceptive retouching or “rejuvenation” has 
now more or less passed out as a fashion in the 
theatre. The average actor has found that inter- 
views based on such pictures waste the time of 
casting directors and his own time. Neverthe- 
less, no one wishes to draw attention to facial 
defects which make-up can successfully dis- 
guise. Rather large features look well on the 
stage, at audience distance. They may not look 
so well, or so co-ordinated, in a close-up, unless 
the photographer is very clever in his choice of 
viewpoint and lighting. 

The aim in a job-getting portrait is to obtain 
a true likeness with some hint of the range of 
character types and “style” which are the 
special talent of the actor. For publicity, there 
must be some pictures which do this and which 
are also suitable for reproduction on a small 
scale in coarse-scTeen newspaper columns. 
Fan-mail pictures in postcard size usually 
show the star in more casual and informal 
poses and surroundings than would be em- 
ployed for normal display and publicity. 
For theatre display, in the actor's private 
frames, pictures may be somewhat more 
imaginative, and are certainly more successful 
if they have some artistic merit. For display 
exciting photographs can be used, even if 
unsuitable for newspaper reproduction or 
casting records. 

The retouching of all theatre portraits must 
be impeccable and the quality and permanence 
of the prints themselves must conform to the 
same standard. Many actors and actresses 
work exclusively for the theatre and radio 
without appearing before film or television 
cameras in their customary stage roles. It is 
legitimate in such cases to use retouching to 
make the close-up portraits of such artists 
appear as they would do to a theatre audience, 
but to go f urther is undesirable, and discretion 
is more important than skill in applying arti- 
ficial glamour. J.V. 

FROM THE AUDITORIUM 

Modem high-speed emulsions in conjunction 
with lenses with an aperture of /3-5 or wider 
make it possible to take fully exposed pictures 
with a hand camera from the auditorium by 
normal stage lighting. 

Lens. The minimum speed for a hand-held 
exposure is 1/25 second, and under favourable 
stage lighting and with the fastest panchromatic 
films this speed calls for an aperture of about 
/4. So this is the smallest aperture that can be 
considered for this branch of photography. But 
a lens of this class leaves no margin for action 
or for shooting scenes with a low level of 
illumination, and anyone who wishes to take 
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stage photography seriously should be pre- 
pared to work at / 2. 

The focal length of the lens is as important as 
the aperture, because it decides ho w much of the 
stage will be included from a given position in 
the auditorium. It is obviously wise to arrange 
for the width of the stage to fill the negative 
so as to keep the amount of enlargement down 
to a minimum. 

There are three ways of tackling the problem : 
to choose a seat from which the camera with a 
particular lens will just include the width of 
the stage and cover the depth of the stage 
sharply at its maximum aperture; to accept 
whatever seat is available (as one must in a 
heavily booked show) and use a lens of a suit- 
able focal length to give the necessary cover; 
or to choose the position that gives the best 
view of the particular stage and let it dictate 
the focal length of the lens. 

The answer, in any case, will depend on the 
dimensions of the auditorium and stage. In a 
typical theatre with a stage 30 feet wide, 20 feet 
deep and 50 feet away from the front of the 
dress circle, the approach in each case would 
be along these lines : 

(1) A camera equipped with a normal angle 
lens would cover the stage from a distance of 
30-35 feet — i.e., from about the 6th-8th row 
of the orchestra stalls (allowing for the depth of 
the orchestra pit and a sparing of about 3 feet 
per row). A camera with no provision for 
interchanging lenses will get the biggest picture 
from this position. From a photographic point 
of view, however, this may be a poor choice — 
i.e., the feet of the performers may not be 
visible and the camera may have to be tilted 
unduly. 

Under these conditions most hand cameras 
with the lens at/3-5 will cover the whole depth 
of the stage sharply with the focusing scale 
set at 50 feet. 

(2) If the only seat obtainable is closer than 
about the 6th row of the orchestra stalls, there 
would be no point in using a wide angle lens to 
get the whole of the stage into the picture 
because the perspective would be unpleasant 
and the viewing angle too steep. But if the seat 
is very much farther away, then a long focus 
lens can be used to put matters right — e.g., from 
the back of the stalls or the front of the dress 
circle, a lens of about double the normal focal 
length will be satisfactory. And even at / 3'5 
the lens will cover the depth of the stage com- 
fortably. 

(3) In most theatres the best view of the 
stage is to be had from the front of the dress 
circle. From this position a normal angle lens 
will use only about one half of the width of the 
negative. To keep the scale of enlargement 
down, the camera should have a lens of one and 
a half to two times the normal focal length. 

A long focus lens is also useful at closer 
range for taking individual pictures or small 
groups. If the photographer is at liberty to 
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move about — e.g., during an amateur per- 
formance or at a photo call — a long focus lens 
will therefore be most useful. But when working 
from a seat in the stalls, the camera should also 
have a normal angle lens for shots of the whole 
stage. 

Lighting and Exposure. The stage lighting — and 
therefore the exposure — varies with the scene, 
the size of the stage, and the nature of the 
scenery. It is impossible to guess the combined 
effect of these things in advance. Once the 
curtain has gone up, the experienced photo- 
grapher can make a reasonable estimation of 
the light value. An exposure meter is difficult 
to read in the darkness of the auditorium and 
even then it will probably give either an un- 
reliable reading or none at all. 

While the lighting may range from dim to 
dazzling and from white through all the 
colours of the spectrum — all in the course of 
a single performance — extreme lighting effects 
are generally reserved for special scenes. The 
average set is lighted to give reasonable visi- 
bility all over the stage with extra lighting on 
the principals from spots high up at the sides 
and front of the house — e.g., from the sides of 
the gallery, and the front of the circle or upper 
circle. 

Tests have shown that in a London theatre 
with a very small stage, the exposure under full 
stage lighting might be 1 /SO second at /2 for 
a fast film developed in a non-solvent developer. 



THEATRE PHOTOGRAPHY. Suitable camera positions for 
taking pictures during a performance are shown shaded. They 
are the centre stalls (about sixth row onwards), and the front 
row of the dress circle. Avoid seats dead centre of the stage. 
Seats In the boxes will give good angle shots, but may take in 
the wings at the far end of the stage. 
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Under the same conditions, the exposure for 
another theatre with a very large stage is about 
1/250 second at/2. 

For average stages with full lighting the 
beginner should start with a trial exposure of 
1 /50 to 1 /100 second at / 2 on f ast pan film. 

Predominantly blue or pink lighting will 
call for 1/25 second; and green, yellow, mauve 
or red, 1/10 second. 

Amateur companies cannot command the 
banks of high powered lights available on the 
professional stage, but on the other hand the 
stage is generally smaller and the lights have a 
proportionately greater effect. So for a well- 
lighted scene, there will not be a great deal of 
difference between the exposures for an amateur 
or a professional show. 

The important thing is to expose for the 
highlights and let the less strongly lighted areas 
of the stage look after themselves. Any attempt 
to produce good shadow detail will leave the 
highlights as staring white areas, right in the 
most important part of the picture. This 
technique may give a picture of which two- 
thirds of the area are under-exposed, but this is 
infinitely better than one in which the principal 
feature is a patch of blank paper. 

Viewpoint. The best position for the amateur 
is a seat on a level with the stage or slightly 
above it — i.e., in the dress circle or balcony — 
and about a quarter of the way across; not 
exactly in the centre. A viewpoint away from 
the centre conveys a better impression of the 
depth of the stage and avoids the formal appear- 
ance of a fully frontal picture. Photographs can 
be taken from a seat in the front row without 
interfering with the view of the people behind, 
whereas a photographer sitting in the body of 
the audience may be considered a nuisance. 
However, in most theatres the angle of view 
from the front row is too low. 

Types of Show. The actual technique varies 
with the type of show; only the broad differ- 
ences can be indicated here : 

(1) Plays. The lighting is usually moderately 
good and not coloured. Normally an exposure 
of 1/25 second at /3-5 or /2 will give a 
reasonable print. It is as well to study the 
action of the play beforehand and choose a 
dramatic moment. Photographs taken during 
the ordinary course of the play are unin- 
teresting. The normal angle lens will include 
the whole of the stage, so the exposure should 
be made when the action is spread out. 

(2) Musicals. The lighting here ranges from 
excellent to impossible and to make matters 
worse it is generally changing colour. The 
principals, however, are usually spotlighted 
and can be' taken with a relatively short 
exposure. One good time to shoot is on the 
entrance of the star. There is usually plenty 
of warning and when she or he makes the 
traditional entrance and pauses for effect there 
is plenty of time to give the exposure required 
even with a modest lens. When taking sketches. 
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the grouping should be watched and the 
exposure made when the players are mutually 
occupied — not when action is disintegrated. 

(3) Pantomime. The conditions here are 
similar to the ordinary music hall but the 
changes of scene, performer and lighting are 
apt to be more abrupt. On the whole it is better 
to use the fastest lens and film and take pic- 
tures of everything that comes along in the 
hope that some at least will be worth printing. 
The fun is so fast and furious that planning in 
advance is impossible. Any really worthwhile 
pictures that fail to come up to expectations at 
the first attempt can always be made the 
subject of a second visit. 

(4) Opera. On the whole this is an easier 
and more rewarding subject than the straight 
play. So far as the opera is a play set to music, 
the two techniques are the same, but the expres- 
sion, gestures and grouping generally are more 
dramatic and sustained. Anyone with the most 
elementary musical sense can anticipate the 
instants of climax and crisis. But the singers 
should never be taken when they are singing 
open-mouthed right at the camera. The time 
to photograph a singer is when he is singing to 
another member of the cast. 

Permission. Photography in the theatre is not 
as a rule permitted, and there is usually a 
notice printed on the programme to this effect. 

And while provincial theatre managers will 
often allow a local photographer to take 
pictures, this permission can be overruled by 
the manager of a touring company. 

Amateur and repertory companies, on the 
other hand, are generally very pleased to allow 
a certain amount of photography at their dress 
rehearsals provided they are supplied with some 
prints for the outside of the theatre. 

At a Performance. When the photographer has 
permission to take photographs during a per- 
formance, he should take care not to let his 
actions inconvenience other members of the 
audience. He will be less likely to cause annoy- 
ance if he can arrange to have a seat at the end 
of a row. He must on no account stand up, in 
spite of the strong temptation to do so. 


It is a mistake to try for pictures at the first 
visit to a show. Wherever possible two visits 
should be made. The first should be given up 
entirely to taking notes of the shots to be made 
later. There should be a note of the point in the 
action that is going to be taken together with 
an indication of any suitable cue that heralds 
its arrival. There should also be a note .of the 
lighting of the scene, the proposed exposure and 
the type of lens, normal or long focus. This 
information must then be memorized since 
it will not be practical to try to refer to it 
during the performance. When the photo- 
grapher makes his second visit, this time with 
his camera and a plan of action, he is much 
more likely to get correctly exposed and well- 
timed pictures. 

Amateur Theatrkals. There is always more 
freedom for the photographer at an amateur 
show than in a professional fheatre. Most pro- 
ducers are eager to co-operate with anyone 
who wants to take photographs and will usually 
afford special facilities at dress rehearsals for 
the purpose. Even during an actual perfor- 
mance, the photographer will be permitted to 
roam around and shoot from several viewpoints 
— even in the centre of the gangway, so long 
as he does not obstruct anyone’s view of the 
stage. 

Under these conditions he can place him- 
self at the right distance to fill the field of 
view of his lens from whatever angle he is 
shooting. This means less subsequent enlarging 
and better picture quality. 

At a rehearsal, things are easier still. The 
photographer can have the action of the play 
arrested or repeated and he can have the 
lighting modified to give the best photograph 
without reference to the dramatic aspect. (This 
means calling for plenty of general white light- 
ing from above and cutting down side and foot- 
lights to a safe, fill-in light level.) This avoids 
the characteristic harsh contrasts of photo- 
graphs made by stage lighting. L.V. 

See also: Circus; Dancing; Ice rink. 

Books: All Ab ut Photographing Sh ws , by A. Wilson 
(London); My Way With The Miniature by L. Vining 
(London). 


THERMOMETER. Instrument for measuring 
temperature. 

The commonest form consists of a liquid 
filling a bulb connected to a long and very 
narrow glass tube which is sealed off at the 
other end. As the temperatifi-e around the glass 
bulb rises or falls, the liquid expands or con- 
tracts, and fills more or less of the tube The 
position of the liquid level is therefore a 
measure of the temperature, and the tube may 
be calibrated in degrees of the scale used. 

The liquid is most commonly alcohol (with 
a blue dye added to make it more easily visible) 
or, in more accurate thermometers, mercury. 
The latter, owing to its high boiling point, 


can also be used at much higher temperatures. 
Such mercury or spirit thermometers are 
available in various sizes for darkroom use. 

Amateur developing tank thermometers have 
to be sufficiently thin to go down the central 
opening of the film reel. In addition the useful 
part of the scale, i.e., about 50-80° F. must 
protrude well outside the tank for easy legi- 
bility. 

Some developing tanka have a hollow and 
partly transparent agitating rod which takes a 
thermometer. The latter is thus permanently 
immersed in the solution, yet protected. 

Dish thermometers often incorporate a clip 
or similar fitting to hang or fix the thermometer 
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THERMOMETER SCALES. Left: Fahrenheit. Centre: Centigrade 
(Celsius). Right: Riaumur. The boiling points of water are 212®, 
100°, ond 80° respectively, the freezing points 32°, 0*, and 0°. 
Usual processing temperature is 68° F., 20° C., or 1 6° R. 


on the edge of a developing dish out of the way, 
but easily seen. Certain types of dish ther- 
mometer may have a bent stem to ensure that 
the bulb is always fully immersed in the solu- 
tion. 

Large-scale professional processing tanks 
may have built-in thermometers. Alternatively 
a normal glass thermometer can be fitted in a 
floating holder, or suspended in a cage near the 
top of the tank. 

Other forms of thermometer may consist of 
a strip consisting of two layers of metal with 
different coefficients of expansion* the strip 
therefore changes its shape at different tem- 
peratures, and is connected to a pointer moving 
over a scale. Many dial thermometers are of 
thistyRe. 

There are three common scales of thermo- 
metry, called after their inventors: Fahren- 
heit, Celsius and Riaumur. The Celsius scale is 
better known in Britain as the Centigrade. 
The freezing and boiling points of water on 
the various scales are given below. 


COMPARISON OF SCALES 


Scale 

Freezing point 

Boiling point 

Fahrenheit 

32 

212 

Centigrade 

0 

100 

Riaumur 

0 

80 


To convert Centigrade degrees to Fahren- 
heit degrees, multiply by 9/5, and add 32 to the 


result. Thus 20° C. = (20 x 9/5) + 32 = 68° 1 
Conversely, to convert Fahrenheit degrees t 
Centigrade, subtract 32 and then multiply th 
remainder by 5/9. For instance 50° F. = 
(50 - 32) x 5/9 = 18 x 5/9 = 10“ C. 

To convert to and from Riaumur degree 
proceed in the same way, but multiply t 
9/4 or 4/9 instead of 9/5 or 5/9 (as for cent 
grade) respectively. 

To convert Centigrade degrees to Riaumi 
degrees multiply by 4/5 (without adding or sul 
trading anything); to turn Riaumur degree 
into Centigrade multiply by 5/4. 

The Fahrenheit scale was invented in 171 
and has been used exclusively in Britain unt 
the present century when Centigrade tempers 
tures have been increasingly used. 

The Centigrade scale was invented in 174 
and has been used on the Continent and i 
many other parts of the world since then. 

The Riaumur scale, dating from 1731, hs 
been nowhere popular with the exception t 
Russia. 

See also: Weights and measures. 


THIOCARBAMEDE. Thiourea. Used in cei 
tain warm tone developers, clearing baths an 
toners. 

Formula and molecular weight: CS(NHi) 
76. 

Characteristics: White crystalline powder. 

Solubility: Fairly soluble in water at root 
temperature. 

THIOUREA. Chemical used in some wan 
tone developers and toning baths. It may als 
be used in clearing baths. 

See also : Thloarbamide. 

THIRTY-FIVE MM. CAMERA. Miniatui 
camera using perforated cine film 35 mm. wid< 
Generally 35 mm. cameras are regarded as th 
true miniature cameras, and are associated wit 
the special techniques developed for makin 
normal photographs from very small negative 
with an area of 24 x 36 mm. or less. 

THORIUM NITRATE FOREBATH. Fon 
bath which produces a soft print from a hars 
contrasty negative. It consists of a 10 per cei 
solution of thorium nitrate, with enoug 
nitric acid added (if necessary) to clear th 
solution of any turbidity. 

Prints to be treated in this forebath must t 
given two to three times the normal exposun 
They are then immersed in the solution fc 
two to three minutes, rinsed, and developed i 
the normal way. 

The thorium nitrate forebath does not d< 
crease the over-all contrast in the same way i 
the Sterry process, but mainly effects th 
shadows, extending their tone range. It do< 
not change the image colour. 

See also : Contrast confroJ. 
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THREE-BATH DEVELOPMENT. In warm- 
tone development of chlorobromide papers, 
it is possible to make satisfactory pictures 
from very much over-exposed prints as long as 
the exact tone colour is not important. This 
type of paper has a wide exposure latitude when 
developed in diluted and restrained developer, 
but the tone varies with the exposure. 

This latitude can be fully exploited by three- 
dish development. 

Three dishes of developer are required : 

Dish No. 1 contains full strength developer 
with no added potassium bromide. 

Dish No. 2 contains quarter-strength 
developer with one part 10 per cent potassium 
bromide in every 50-100 parts of developer. 

Dish No. 3 contains even more restrained 
developer: diluted eight times, with one part 
10 per cent potassium bromide added to every 
20-30 parts of working developer. 


The approximately correct exposure is first 
found for an average negative to produce 
prints of the right density when developed in 
Dish No. 2. This development time is noted. 

The exposures for other negatives are then 
guessed and the development of each exposed 
print is started off in Dish No. 2. If the image 
appears much sooner than it ought to for a 
correctly exposed print, the print is imme- 
diately transferred to Dish No. 3 and developed 
there to the right depth. 

If the image appears much later than it would 
do with a correctly exposed print, the print is 
rinsed and transferred to Dish No. 1, which 
contains no restrainer and can produce images 
of the right density with shorter print exposures. 

The total exposure latitude made available 
by this method may be as much as 4 : 1 . Image 
tones will vary from warm black to brown, 
depending on the paper and the developer. 


THREE DIMENSIONAL PROJECTION (3D) 


A number of new techniques have been 
developed in the cinema for the purpose of 
creating or helping to create the sensation of 
depth in the projected picture. Thus screens 
may be curved and made wider than usual with 
the object of making the viewer feel that he is 
in the scene rather than outside it. Other “en- 
gulfed” systems utilize stereoscopic projection 
— e.g., by actually projecting two pictures, 
roughly in register, and viewing them through 
special spectacles. 

Wide Screen Technique. It has been found that 
increasing the picture width beyond the 
normal aspect ratio of 1 -33 to 1 helps to create 
a feeling of depth. There are four ways of 
making the picture fill a wider screen: a 
normal picture can be enlarged to fill the width 
of the wider screen if some of the foreground 
and the top of the picture can be sacrificed; 
the camera can be adapted to embrace a wider 
field; a film wider than normal can be em- 
ployed ; the screen may be filled by running two 
or more projectors side by side. 

(1) Wide screen with standard picture. The 
first system is the one generally referred to as 
Wide Screen projection. In this case the term 
indicates projection of a standard film on to a 
screen with an aspect ratio which is increased 
above the standard figure of 1 -33 to 1 by re- 
ducing the height of the projector aperture, and 
installing a lens of shorter focal length. The top 
and bottom of the picture are thus masked off 
and wasted. Aspect ratios of 1 -66, 1 '75 and 
1 -85 are commonly used, i.e., a typical size of 
screen might be 1 6 x 28 feet, aspect ratio : 1 '75. 

Because of the increased magnification of 
the image, loss of definition inevitably occurs 
in projection. This is due primarily to the 
limited resolving power of the negative. A 
method designed to overcome this fault con- 
sists in substantially enlarging the area of the 


negative frame by running the negative hori- 
zontally in the camera and exposing an area 
greater than two normal frames. This enlarged 
image is then reduced in printing to the 
standard frame size so that the release prints 
can be shown in standard projectors. 

(2) Wide screen with wide picture. This 
system is based on the use of an anamorphic 
lens on the camera which doubles the angle of 
view in the horizontal direction only so that the 
resulting image on the film is “squeezed”. In 
projection, a similar anamorphic optical 
attachment “unsqueezes” the picture to fill a 
screen of 2 -55 tol. 

In many cinemas this ratio cannot be accom- 
modated without reducing the height of the 
picture — e.g., a cinema whose normal screen 
measures 18 x 24 feet may have to reduce the 
height of the picture to 15 feet in order to 
install a screen of 38 foot width, to accommo- 
date a picture of this aspect ratio. 

In view of the width of the screen, a special 
sound installation is desirable. The standard 
35 mm. film gauge is modified to provide space 
for a number of magnetic sound tracks carrying 
records made by microphones spaced across the 
whole width of the scene. These tracks feed 
speakers positioned to the right, centre and 
left of the screen, and an effects track feeds 
speakers distributed around the auditorium. 
The audience is thus given the impression of 
hearing sounds coming from the actual sources 
on the screen. 

(3) Wide screen with wide film. Proposals 
for using film of increased width are now being 
implemented. A film 70 mm. in width carries 
a picture of 2 : 1 aspect ratio, as well as five or 
six magnetic sound tracks to produce stereo- 
phonic sound. 

(4) Wide screen with multiple pictures. In 
a typical multiple projection system, the 
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WIDE SCREEN PROPORTIONS. Top: Projection of a wide 
screen Image on to a normal size screen wastes the top and 
bottom of the screen area. Bottom: Ideally a Wider than 
normal screen should be used. 

taking camera has three lenses, positioned at 
angles of 48° with their axes crossing. These 
lenses expose three separate .films which, al- 
though upon standard 35 mm. stock, have 
frames six perforations in height instead of 
four. The sound is recorded upon six or seven 
magnetic tracks. 

In projection, three projectors, two of them 
at an angle of 48° either side ' of the axis, 
cover a large and deeply curved screen, which 
may measure 50 or 60 feet in chordal width. 

This type of projection is only possible in 
specially equipped halls. 

Curved Screen. To secure adequate picture 
brightness with the increased screen sizes of 
the new projection systems, highly directional 
screen surfaces must be used. A. more even 
distribution of reflected light, and hence a 
more even brightness of the picture as viewed 
from the side seats, results if the screen is 
slightly concave to the audience. 

The radius of curvature is often made equal 
to the projection throw. 

An audience seated close to a deeply curved 
picture experiences a sensation of participation 
referred to as “engulfment”. This happens 
when the angle subtended by the picture to the 
viewer approximates to the normal angle of 
view of the eye. The illusion may be further 
strengthened by the use of directional sound. 

Normally there is a black mask around the 
cinema picture. But many people feel that a 
faintly illuminated surround tends to enhance 
the depth and contrast. This is introduced in 
one popular system by surrounding the 
screen with a bevelled frame of light-coloured 
material. The f rame reflects stray light from the 
picture, so that the colour and intensity of the 
illuminated surrounds vary with the picture. 
Stereoscopic Projection. The above systems 
cannot give more than an approximation to the 
real sensation of depth created by true bino- 
cular viewing in which each eye sees a different 
picture. This requires that the subject should be 
photographed from two separate viewpoints, 
spaced 2iV inches apart, and the resulting films 
must be projected on to a screen in such a way 
that each eye sees only the picture made through 


the corresponding taking camera lens. The 
two impressions then fuse in the brain to 
produce the characteristic feeling of depth and 
solidity. 

Numerous truly stereoscopic methods have 
from time to time been worked out, but many 
of these are of only academic interest. The 
number of practical projection methods re- 
duces in effect to three, and the underlying 
principle can be stated as follows. 

We can project two images only on the screen, 
and use special viewing devices to separate 
them at the eyes, or we can dispense with 
viewing apparatus altogether if we accept the 
complexity and expense of providing multiple 
images and a special screen. 

(1) Anaglyph method. Each pair of images is 
produced in complementary colours. These are 
superimposed by projection, and spectacles 
also in complementary colours are used to 
separate the images. This method can of course 
only be used for monochrome, and apparatus 
used to be sold for converting a viewing 
cabinet into a projector for use with this 
system. The method was devised by d’ Almeida 
in 1858. 

(2) Polarization methods. As a result of the 
popularity of colour stereoscopy, this is at 
present the most usual, although not neces- 
sarily the best method. The pair of images is 
projected through lenses fitted with polarizing 



MULTIPLE IMAGE SYSTEM. Three projectors project three 
images side by side on a curved screen, with slight overlap at the 
edges. The three films are taken by a corresponding three- 
camera set-up and must remain accurately synchronized 
during projection. A, loudspeakers behind screen and in 
auditorium for stereophonic sound effects. B, screen. C. 
optimum viewing area. D, projectors. 
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THREE DIMENSIONAL PROJECTION . Two projectors project 
matched stereo films (or stereo images on one film projected 
with a beam-splitter twin-lens projector) on Co the screen 
through polarizing filters. The audience have to wear polarizing 
spectacles with the viewing filters for the left and right eyes 
oriented with their planes of polarization parallel to the cor- 
responding left and right hand projection filters. 

screens. The images are polarized in planes at 
right angles, and are superimposed on the 
screen. The viewers are provided with spec- 
tacles of similar polarizing material, which 
separates the images at the eyes. Circular 
polarization is claimed to possess advantages 


over the usual plane polarization method. All 
polarization methods of projection have the 
disadvantage that considerable loss of light 
takes place at the polarizing screens. 

(3) Special screens. In the special screen 
systems, the screen is constructed in such a 
way that the viewers see the separate images 
of the stereoscopic pair without spectacles. 

Raster screens consist of an arrangement of 
vertical wires interposed between the screen 
surface and the audience. Two types are in use: 
one in which the wires converge to a point 
below the screen, and the other in which the 
wires form the surface of a truncated cone, 
within which the projection screen is situated. 
There are also patented screens in which the 
projection surface is composed of vertical 
lenticular prisms, or of spherical lenticular 
elements graduated in size. 

These methods make possible the viewing of 
stereoscopic films without spectacles or other 
optical aids, but the apparatus is expensive, 
and the stereoscopic picture can only be seen 
from certain positions in the auditorium. 

It is usual to rotate, or to impart horizontal 
reciprocating motion to the raster screen to 
reduce the eff ect of the vertical wires. 

In all systems the projector axes must be kept 
parallel to avoid geometrical distortion, so the 
images are superimposed by offset of the 
lenses. Depolarization of the images in polarized 
light systems may occur at wide viewing 
angles, resulting in the appearance of a double 
image. 

In a more advanced system in develop- 
ment, the polarizing materials are embodied in 
the actual film coating, one image being carried 
on either side of a single film. R.H.C. 

See also: Cine history; Stereoscopic photography. 

Book: Stereo Photography, by K. C. M. Symons 
(London). 


THRESHOLD EXPOSURE. Smallest expo- 
sure given to a sensitized material that will 
just produce a visible density above the fog 
level on development. 

See also: Characteristic curve; Speed of sensitized 

materials. 

TIME BASE. Time scale photographed along 
the edge of cinematograph films recording 
high-speed phenomena. The scale — generally a 
wave form or a succession of dots — is produced 
by impulses from an electrically excited tuning 
fork or an oscillatory circuit of known con- 
stant frequency (in electronics, also called a 
time base). By referring the action in the film 
to the time base, the period taken up by any 
particular incident can be accurately measured, 
irrespective of any speed variations in the 
camera motor. 

See also: High speed cinematography ; Timers. 


TIME EXPOSURE (T). Exposure made with a 
device fitted to most shutters whereby an initial 
pressure on the release opens the shutter - and 
a second pressure closes it. ^Tiis method of 
exposure is used when the shutter is to be left 
open for more than a second or two. The 
shutter setting is indicated by the letter T, or, 
on Continental shutters, Z (Zeit). 

For short-time exposures — up to two or three 
seconds — the B (Brief or Bulb) setting is used 
in which the shutter stays open only as long as 
pressure is maintained on the release. Cameras 
with double exposure lock have only a B 
setting; there a long time exposure must be 
made with a locking cable release. 

TIME GAMMA CURVE. Graph of change of 
gamma with time of development. The slope 
of the curve varies with the sensitized material 
and the nature of the developer. The usefulness 
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d such curves lies in the guidance they give on 
the length of time a sensitized material should 
be developed in a given formula under certain 
conditions to produce a desired gamma value 
in the negative. 

See also: Developing negatives. 

TIME LAG. With most photographic electric 
light sources there is a time lag between the 
initial switching on and the arrival at full 
working brilliance. 

In filament lamps the lag may be as long as 
a second. This is not serious in normal photo- 
graphy, but in automatic recording camera 
systems — e.g., for time lapse work or for instru- 
ment dial recording — it must be taken into 
account. The mechanism that operates the 
shutter in such cases must be arranged to 
switch on the lamp in advance so that when 
the shutter opens the illumination is at its 
normal brilliance. (Under these conditions it is 


advisable to keep a small residual current 
flowing in the filament to protect it from the 
shock of repeated switching from cold.) 

With flash bulbs, the time lag from closing 
the contacts to the peak brilliance of the flash 
varies from two or three to ten or more milli- 
seconds. Where the whole light output of the 
bulb is being used — i.e., in open flash working 
— the time lag is unimportant, but if the expo- 
sure is so short that it occupies only a fraction 
of the burning time of the bulb, it becomes 
important to know the exact period. The shutter 
synchronizing mechanism must then be ad- 
justed to allow for the time lag or it will open 
before the bulb has reached its peak brilliance. 

Certain types of compact source lamps as 
used for projection and in film studios have an 
appreciable time lag on first switching on, and 
once they are switched off they must be given 
time to cool before the arc can be started again. 

Se« also: Flash synchronization. 


TIME LAPSE PHOTOGRAPHY 


Technique of taking a series of photographs 
at set intervals, so that the changes in an object 
that slowly alters with time are recorded for 
future study. 

For its simplest form, a still camera is used 
and exposures are made manually by an 
operator. The resultant photographs will form 
a series from which comparisons or measure- 
ments can subsequently be made. 

More usually, however, a motion picture 
camera is employed so that the separate 
exposures form a motion picture film. On pro- 
jection at a normal speed, this will synthesize 
the changes in the object which will show as 
movement at a greatly accelerated rate. 

For work of this type, involving hundreds or 
perhaps thousands of exposures, manual opera- 
tion is impossible and a mechanism must be 
provided to operate the camera automatically. 

Time lapse photography is a technique that 
can be applied to an enormous variety of 
subjects, but some fundamental require- 
ments are common to all, and the principles 
can be applied to any particular circumstances. 

In its simpler applications, the technique 
presents no serious difficulty, particularly if 
the user has some degree of mechanical ability, 
though in the more specialized fields of work, 
highly complicated equipment is necessary. 

Time lapse cinematography is usually carried 
out with botanical subjects such as germination 
of seeds, growth of plants and development of 
flowers and fruit. The beginner should start 
on an easy subject such as the opening of a 
well-developed flower bud, cut and kept in 
water. Work can be carried out in a' darkened 
room and exposures made with artificial light. 
The flower will open in a reasonably short 
time, usually without any difficulty. 


Precautions. As a general rule, slow growth is 
much more difficult to record than rapid 
changes, such as flowering, because the plant 
must be kept growing under favourable condi- 
tions and this may be difficult over long periods 
of time. 

All plants require warmth, moisture, air and 
light for active growth, and if the arrangements 
for photography interfere with their proper 
requirements, either by reducing or increasing 
them, serious trouble may be encountered. 

Incandescent lighting is usually not suitable 
for long periods owing to the large proportion 
of heat present and the complete absence of 
ultra-violet radiation. The plant will probably 
wilt sooner or later. Fluorescent lighting can, 
on the other hand, be used successfully over 
quite long periods but several fluorescent tubes 
will be needed in order to get sufficient illu- 
mination, particularly with colour film. 

For the maintenance of good growing con- 
ditions over periods in excess of, say, one month, 
daylight is probably essential and this necessi- 
tates the provision of some arrangement of 
shutters to exclude light at the times of expo- 
sure. The shutters must be arranged to open 
and close automatically and with complete 
reliability, which introduces further mechanical 
complications. 

It is not generally appreciated that many 
growing plants require better ventilation than 
human beings. For example, a box of germinat- 
ing seeds may fail to grow in a closed room. The 
damp soil tends to go “sour” and moulds may 
develop. An open door and window will 
prove beneficial. Care, however, must be taken 
that the plant is not disturbed by draughts as 
even slight movements are distressingly appar- 
ent on the screen. 
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MERCURY SWITCH. Switch short-circuits resistance in series 
wtl h Continuously underrun Photofloods, and brings them up to 
full brilliance whenever required for exposing one frame. 

Watering must be sufficient and not over- 
done. Water may darken the colour of the soil, 
which may be undesirable. The watering of 
seeds in soil is difficult as the water must not 
distilrb either the seeds or the soil. A very fine 
spray, frequently applied, is often the best 
method. 

The most important point in this field is to 
provide suitable conditions for growth and 
development of the plant and to avoid any 
interference with these conditions. The balance 
is not always easy to maintain but this pro- 
vides at least some of the interest in the work. 
Stfll Camera: Manual Operation. Simple types 
of time lapse photography can be undertaken 
with almost any type of camera provided an 
operator can carry out the required sequence of 
operations. 

The basic operations will be as follows: 
load the camera or transport film, set the 
shutter, turn on lights (if used), make the 
exposure and turn off the lights. 

Still Camera: Automatic Operation. If condi- 
tions make manual operation of the equipment 
impracticable, some mechanism has to replace 
the operator. 

The automatic mechanism of any equipment 
for time lapse photography can be divided 
into two main parts: the timing unit and the 
operating unit. 

The timing unit can be of any type, mechani- 
cal clock, electric clock, electronic timer or 
any other device whereby at the conclusion of 
any suitable interval of time, an event occure 
that causes the next photograph to be taken. 
The operating unit replaces the human operator 
and must perform the sequence of operations 
for taking a photograph. 

In some simple types of equipment both 
functions may be carried out by a single 
mechanical unit but, even so, this unit con- 
sists of these two essential parts, the timer and 
the operating unit. 

e. — PP 


Certain types of miniature still camera with 
built-in or accessory spring motor drive lend 
themselves to simple time lapse work. All they 
need is some elementary form of timing 
mechanism which will trigger the camera at 
ascertained intervals. Cameras of this type are 
quite often used to record the readings of a 
bank of instrument dials; they are known as 
dial recording cameras. 

Cine Camera: Manual Operation. Many motion 
picture cameras have provision for taking 
single exposures either when spring driven or 
by means of the single tum handle. The scope 
of such simple equipment is limited mainly by 
the patience and endurance of the operator. The 
method has the advantages that the equipment 
is portable and that electric supplies are not 
necessary. 

Many films have been made manually in 
circumstances when automatic operation would 
be impossible. 

Cine Camera: Automatic Operation. For work 
over long periods, automatic operation is 
clearly essential. But as practically no apparatus 
of this type is available commercially, the 
user will have to design and construct his own 
equipment to suit his requirements. 

Complete reliability of operation is of para- 
mount importance. If the apparatus should fail 
to function during a run, not only is film stock 
wasted, but also time. On long runs, waste of 
time may be much more important than waste 
of film stock and, in any case, breakdowns are 
always annoying. 

In designing any equipment for time lapse 
work, every unit should as far as possible be 
the most reliable of its kind. For example, 
mercury switches control electrical circuits 
more reliably over longer periods than ordinary 
switches and contacts. Springs should be 
avoided and gravity control used instead. 
Electric motors should be of generous propor- 
tions and rated for continuous operation. 



SIMPLE TIMING UNIT. A geared-down synchronous motor 
operates a cam which closes the mercury switch once during 
each revolution of the cam and starts the control unit. Intervals 
of closing the switch determined by motor gearing. 
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COMPLETE OPERATING UNIT. A geared down motor drives five cams, each operating a mercury switch. Four switches in turn 
switch on lights, start camera drive motor, release shutter, and operate an electric counter. The fifth switch controls the motor 
driving the sequence switch, so that the camshaft makes one revolution only at a time. 


When considering reliability, the frequent 
switching of lamps will often lead to early 
failure. This can be largely overcome by using 
a considerable number of lamps and providing 
supervision. If one of a number of lamps 
should fail the result may not be very notice- 
able, whereas with only a few lamps the result 
will be spoilt. 

The better solution, however, is to use a 
normal lighting arrangement and to arrange 
for the lamps to be on continuously but very 
much under-run, and only brought up to full 
brightness when an exposure is to be made. 
This is very easily arranged by means of a 
resistance (which itself may be a lamp of suit- 
able rating) wired in series with the lamps so 
that the lamps are normally fairly dim. Closing 
a mercury switch across the resistance then 
applies full voltage and brings the lamps up to 
f ull brilliance for the exposure. Since the lamp 



SINGLE TURN CLUTCH. Motor drives single-picture shaft on 
camera through slipping clutch. Driven shaf t held by pawl and 
notched disc. To make an exposure, the electromagnet raises 
the pawl to release the driven shaf tfor one revolution. 


filaments are never allowed to cool down and 
are only run at full brightness for a few 
seconds per exposure, their life is very much 
prolonged. 

The Timing Unit. It is not a difficult matter to 
construct a simple and reliable timing unit 
using the movement of an electric clock. Such 
movements are available commercially and 
consist of a small synchronous motor and a 
train of gears, the final shaft of which makes 
one revolution in one minute. By means of 
suitable gears or pulleys a cam-shaped disc 
can be made to tum, say, once every 5 minutes 
and tilt a small mercury switch. Closing the 
switch initiates the automatic cycle of opera- 
tions leading up to exposure. 

The Operating Unit. This agaiD can be con- 
structed in simple form to do whatever is re- 
quired by anyone with mechanical aptitude. A 
suitable arrangement may consist of a single 
shaft carrying, say, five cam-shaped discs each 
operating a mercury switch as in the timing 
unit. 

A small electric motor with worm gear 
reduction drives the camshaft so that it makes 
one rotation in about five seconds (12 r.p.m.). 
Four of the switches can then be arranged to 
carry out the following: tum on lights or bring 
them up to full brilliance; start camera 
drive motor (if used); release camera shutter 
to make exposure; operate an electric counter, 
if required. 

The fifth cam and mercury switch are used 
to control the motor driving the sequence 
switch so that the camshaft can make only one 
revolution each time. 

This is accomplished by shaping the cam of 
the timing unit so that the mercury switch is 
only closed for a short time. The fifth cam of 
the sequence switch is shaped so that it closes 
the mercury switch immediately the motor 
starts and holds it closed for almost the whole 
revolution. Both mercury switches are wired 
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COMPLETE TIME LAPSE SET-UP. A, lamps. B, subject. C, frame counter. D, quick discharge circuit. E, single turn clutch. F, 
camera. G, camera motor. H, cams and switches operating the lamps, camera motor, single turn clutch through quick discharge 
circuit, couhter, and sequence switch in turn. I, Motor. J, timing unit 


in parallel and are in series with the supply to 
the motor of the sequence switch. 

If the timer motor is running, both switches 
will be in the off position and the sequence 
switch will be stationary. Immediately the 
timer switch closes, the sequence switch motor 
will start. The timer switch opens quickly, but 
the other switch is still closed and the sequence 
switch motor continues to run. When the 
sequence switch has made, say, three-quarters 
of a turn, the switch opens and the sequence 
switch motor stops in a position to operate 
again as soon as the shaft starts to revolve. 

Tie Camera Release. The motion picture 
camera must be arranged to take a single 
exposure when required. The details will 
depend upon the type of camera to be used. 

If the camera is spring-driven it must have a 
single-frame release button and some form of 
electro-magnetic tripping mechanism will have 
to be constructed to operate the button. Ordi- 
nary spring-driven cameras without a single- 
frame button are not suitable as they would 
require considerable modification which would 
be difficult and expensive. 

Nearly all motion picture cameras which are 
not spring-driven have a single frame shaft, one 
complete turn of which makes one exposure. 
This type of camera is ideally suited for time 
lapse operation. 

Single Turn Clutches. To use a motion picture 
camera fitted with a single picture shaft, pro- 
vision must be made to drive this shaft at a 
suitable speed for one revolution only. This 
usually involves the use of some form of clutch 
in the drive transmission. 

The simplest method is to provide a slipping 
disc clutch. The driving shaft is driven at low 
speed, say 120 r.p.m. or one tum in half a 
second; and the driven shaft is held back by 
means of a pawl and a notched disc. To make 
the exposure, the pawl is raised by an electro- 
magnet to release the driven shaft. 


This type of friction clutch is fairly satis- 
factory but remains reliable only if carefully 
supervised and maintained. The chief difficul- 
ties are that with insufficient friction between 
the two discs the clutch will slip when it should 
be operating the camera. On the other hand, 
when the friction between the two discs is 
high, considerable power will be required from 
the motor which may slow it down. On releas- 
ing the pawl, the motor speed will then increase 
and the time of exposure may be somewhat 
variable. 

In addition, the faces of the discs become 
either polished or scored with use, which may 
lead to further unreliability in the operation of 
the clutch. 

More involved designs exist for a clutch that 
runs quite freely but is capable of transmitting 
the full power of the motor to the camera. A 
clutch of this type can be made without much 



QUICK DISCHARGE CIRCUIT. A, mercury switch. B, mains 
metal rectifier. C, high resistance. D, capacitor. E, magnet 
coil of single picture clutch. Mains voltage through rectifier 
charges capacitor. On closing switch, capacitor momentarily 
energizes coil, and camera takes one picture. 


1183 



TIM 


difficulty but must be more of a precision job 
if it is to operate satisfactorily. 

Quick Discharge Circuits. If the single turn 
clutch is driven by a motor so as to make one 
revolution in a quarter of a second or less, 
the electrical impulse to operate the clutch 
must be brief enough to avoid taking more than 
one picture. 

An impulse of short duration cannot be 
expected from the tilting mercury switch of 
the sequence switch and a quick discharge 
circuit will be necessary. 

This may consist of a simple resistance- 
capacitor circuit supplied with direct current 
so that the capacitor charges up and is then 
discharged through the magnet coil of the 
single turn clutch. 


Selecting the Tlme-Interra). Selecting a suitable 
time interval should not present any difficulty 
when all the factors are known. 

Supposing it is desired to photograph the 
opening of a flower and it is known that this 
takes ten hours. If this is to be shown on the 
screen in 20 seconds, the total number of 
exposures required will be 1 6 (for a silent film) 
or 24 (for a sound film) multiplied by 20, say 
480 frames. Ten hours is 600 minutes, in which 
time 480 pictures have to be taken. The time 
interval is thus 600/480 minutes or li 
minutes. R.McV.W. 

Sec also: C hr o nop holography; High speed cinemato- 

graphy; Picture series; Quick-fire camera. 

Book : How to Do Tricks in Amateur Films, by J. Caunter 
(London). 


TIME PAYMENTS. American term denoting 
what in Great Britain is called hire purchase. 
The two are the same in principle, though there 
are differences in detail in the legislation. 

TIMERS. Some form of timing device is always 
needed in the photographic darkroom to time 
the processing of negative materials and to 
measure exposure times in printing. While an 
ordinary clock with a seconds hand, or a 
wrist-watch with a sweep-second hand, will 
suffice, they are often inconvenient. A specially 
designed timer is more easily observed and 
places less strain on the photographer's atten- 
tion. 

The design of a timer will vary according to 
the precise requirements of the instrument — 
i.e., it may function solely as a clock or stop- 
watch, it may include an audible alarm, or it 
may automatically operate a printing light. 
The type of drive or timing mechanism involved 
— pendulum, clockwork, electric motor, or 
electronic circuit — will also, of course, affect 
the design. 

According to their intended application, 
timers are designed to function primarily 
within a range of minutes or of seconds. A 
timer calibrated in minutes is usually intended 
for negative processing and one calibrated in 
seconds is designed for timing printing expo- 
sures. 

The main features required in a timer are 
that it should give an audible alarm at the end 
of a variable pre-set period and should have a 
bold, easily observed dial. This latter feature 
is of particular importance in seconds timers 
which are normally operated in a subdued safe- 
light. 

Automatic interval timers provide a con- 
venient way of controlling enlarging exposures 
in particular. They consist of some form of 
timing device incorporating a switch. An indi- 
cator, which is usually a rotary pointer (or 
sometimes a telephone-type dial), is first set to 
the length of exposure required. Starting the 


timer running (generally by means of a push- 
button) switches on the exposing light and 
allows the pointer or dial to rotate back to its 
initial position. When the required time has 
elapsed, the switch is automatically opened and 
the light extinguished. 

The chief characteristics of the various types 
of timers are listed below. 

Pendulum. This type of timer is based on the 
fact that the time of swing of any given pendu- 
lum depends only upon its effective length and 
is always the same, no matter how great the 
swing. The commonest example of this 
principle is a musician’s ordinary metronome. 
A simpler form comprising a hanging pendulum 
has been marketed for photographic use. This 
gives audible signals at 1 second intervals for 
5 minutes or so after being set in motion by the 
touch of a finger. Both forms are especially 
useful in “dodging" since the audible ticks can 
be counted mentally leaving the photographer 
free to keep his eyes on the work while shad- 
ing, or dodging intricate shapes. The main 
disadvantage is the inconvenience of counting 
long exposure times. 

Clockwork. Spring-driven, gear-train mechan- 
isms are used as a source of power for driving 
a wide variety of popular timers. There are two 
basic types, normal clock movements and short- 
time movements. 

The first type is wound up once only, before 
commencing operations. It includes the con- 
tinuously running darkroom clock, with a 
large seconds hand, and the stop-clock which 
can be stopped and started at will by the move- 
ment of a lever and is usually provided with a 
simple control for returning the indicating 
hand to zero. This type has the advantage of 
easy resetting for subsequent operation and 
often has a loud tick to serve as an audible 
timer in a manner similar to the pendulum 
type. 

Theabsenceof an audible alarm at the end of a 
desired period is, however, a disadvantage as 
the operator has to keep one eye on the dial. 
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The second type of clockwork timer is 
similar to that found in many kitchens, in 
which the action of setting the indicating 
pointer to the required time interval also winds 
the spring. On pressing a release button the 
pointer rotates steadily back to zero, where- 
upon a bell or similar alarm is sounded. This 
audible alarm is an advantage but resetting is 
a two-handed job which can become tiresome, 
particularly in repetition work. 

Automatic clockwork timers are usually 
based on the second type of movement above, 
the alarm being replaced by a switch which 
closes when the release button is pressed 
and opens at the end of the set period. 

To obtain a high degree of accuracy over 
timed periods from a second, or less, to several 
minutes, some automatic clockwork timers are 
made double range clocks. The whole of the 
setting dial is used for both ranges and two 
separate escapements are used. 

Electric. These are basically clockwork timers 
in which the spring is replaced by a synchronous 
electric A.C. motor. The continuous running 
form is no more than a standard electric clock 
with an extra large seconds hand, while more 
powerful types operating an alarm or auto- 
matic switch are available. The advantage of 
the really accurate time-keeping provided by 
the synchronous motor is somewhat offset by 
the absence of a tick for audible timing. 
Electronic. Electronic timers work on the 
principle that an electrical condenser takes a 
definite time to charge to a definite voltage (or, 
alternatively to discharge) through a fixed 
resistance. The actual time depends upon the 
capacity of the condenser, the value of the 
resistance, and the applied voltage. The time 
may be controlled by varying any of these 
factors but usually it is the resistance that is 
made variable in relation to a scale calibrated 
directly in seconds. The condenser capacity or 



ELECTRONIC TIMING CIRCUIT. A, lamp. B. variable resis- 
tance. C, neon tube. D, condenser. E, switch. F, magnet 
holding switch closed during exposure, released on flashing of 
neon tube. G. mains supply (must be D.C.). 



NEON FLASHER. A, resistance. B, neon tube. C, condenser. 
D, D.C. supply. The supply charges the condenser which dis- 
charges when the striking voltage of the neon tube is reached. 
This cycle repeats itself, making the tube flash at regular 
intervals as long as the supply is connected. 

the working voltage is sometimes also changed 
to alter the range covered by the variable 
resistance. 

The most elementary form of electronic 
timer is simply a relaxation oscillator. This is 
arranged by connecting a neon lamp across a 
condenser which is being charged from a D.C. 
supply through a high resistance. The voltage 
across the condenser terminals builds up until 
it reaches the breakdown potential of the neon 
lamp. At this point, the lamp flashes and 
discharges the condenser. This sequence 
repeats automatically as long as the voltage 
is applied, causing the neon lamp to flash at 
regular intervals. By suitable adjustment of the 
condenser or resistance the neon may be made 
to flash at any desired intervals — e.g., 1 second. 
Since the light emitted by a neon lamp of this 
type does not fog printing paper, the flashes 
may be counted as a means of timing exposures 
in enlarging. The flashes are readily observed 
without the visual concentration required by a 
clock dial and the device has advantages 
similar to the pendulum timer. 

Such a simple arrangement, however, is 
rather unreliable where great accuracy is 
essential. In practice, more complex circuits 
are employed, generally incorporating a ther- 
mionic valve which operates a relay at a 
particular point on the charge or discharge of 
the condenser. This relay may be made to 
operate a signal lamp, an audible alarm, or a 
switch, so electronic timers are especially suited 
for automatic operation. These timers have the 
advantage that they operate by pressure of a 
button, and repeat the timing, without resetting, 
as often as the button is pressed. 

Electronic timers may be designed for 
A.C. or D.C. supplies but most makes are 
available for A.C. . operation only. The main 
disadvantages of electronic timers are their 
relatively high cost, large bulk and limited time 
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range. Few models provide for intervals greater 
than 1£ minutes, although at least one expen- 
sive make will time up to 35 minutes. 

Special Timing Devices. Highly specialized 
timers are used in the various departments of 
scientific, industrial and commercial photo- 
graphy. These are usually complex equipment 
beyond the scope of this article, but the follow- 
ing brief comments cover a few of the uses of 
such special timers. 

In instrument recording by cinematography 
it is often essential to have a time record in 
addition to the readings of the various scienti- 
fic meters; for this reason a clock is often 
included in the field of view. This takes up 
valuable picture space, however, and it is not 
always convenient to keep the clock in focus. 
To overcome both these disadvantages, edge- 
mark time impressions may be made on the 
film by a small neon lamp. This lamp shines on 
the edge of the film through a slit inside the 
camera and is flashed by an accurate pulse 
generator. 

A time scale is also included in the photo- 
finish pictures of racing events. There are two 
systems in use. Both rely on the fact that the 
horizontal dimension of a photo-finish picture 
is a function of time and not distance along the 
race track. One system reproduces a series of 
short white vertical lines, looking something 
like a fence in the background of the picture. 
The white lines mark off fiftieths of a second 
and each represents a flash from a beacon on 
the finishing post opposite the camera. They 
enable the time difference between any two 
runners to be accurately estimated. 

The other system prints small numbers along 
the base of the picture which indicate the time 
elapsed from the start of the race in minutes, 
seconds and hundredths of a second. The timer 
in this case is built into the photo-finish camera 
and has a separate optical system through which 
a revolving drum counter is photographed on 
to the moving film. The speed of rotation of 
the counter drums is electrically controlled by 
an extremely accurate quartz oscillator, and a 
synchronized shutter is used to produce a 
record every fiftieth of a second. 

Electronic timers, in particular, lend them- 
selves to adaptation for special purposes. Two 
timers may to: linked to repeat a chosen expo- 
sure continuously and automatically, with any 
desired interval between operations. This is of 
use in some forms of D. & P. work. Another 
modification of electronic timer for printers 
provides automatic compensation for changes 
in developer temperature by using a resistance 
thermometer in the basic condenser charging 
circuit. An automatic timer for mass-produced 
enlargements has been designed in which the 
condenser charges through a photo-electric 
cell. The cell detects the brightness of the 
image on the enlarger baseboard, so the expo- 
sure time is automatically compensated for 
degree of enlargement, negative density, lens 


aperture and lamp brightness. This timer needs 
resetting only on change of paper speed, and 
this can be readily done by switching in different 
capacitors or changing the scanning aperture of 
the photo-electric cell. 

For commercial contact printing one form of 
timer has been devised to speed up output by 
avoiding long exposure times. A synchronous 
electric motor rotates a make-and-break cam 
giving a fixed exposure time of only five- 
eighths of a second. To compensate for the 
short exposure, a relatively powerful lamp is 
used and its brightness is controlled by a 
variable resistance. Printers of this type can 
turn out 750 to 1 ,200 prints an hour. 

For blue-sensitive materials, such as bromide 
paper, the effective intensity of a tungsten 
filament is proportional to the fifth power of 
the lamp voltage. In order to make printers 
that are independent of supply voltage fluctua- 
tions, electronic timing circuits have been 
developed which effect changes in exposure 
intervals which are inversely proportional to 
the fifth power of the changes in the supply 
voltage. The result is that the exposure (inten- 
sity x time) given will be substantially constant 
irrespective of any alterations in the mains 
voltage — provided that the timer and lamp are 
run off the same supply. 

Time lapse photography is performed by a 
special timer which switches on the lamps to 
illuminate the subject, operates the camera 
shutter and switches off the lamps in the 
correct sequence at the required (pre-set) 
intervals. 

This method reduces the power consump- 
tion of the lights and makes constant attention 
to the apparatus unnecessary. R.E. 

TIME-TEMPERATURE DEVELOPMENT. 
Method of developing exposed sensitized 
materials. The material is immersed in a 
developer of a particular activity, maintained 
at a constant temperature and given a definite 
amount of agitation. Under these conditions 
the same material will always develop to the 
same gamma in the same length of time. The 
makers of the film or plate publish a table of 
recommended development times for different 
temperatures (and, sometimes, concentrations) 
of the developer for each type of material. In 
practice, the photographer soon learns to 
make any allowances necessary to produce 
the particular type of negative he prefers and 
to modify the times to suit special subject con- 
ditions — e.g., flat or contrasty lighting. Where 
the negative material is a length of film or a 
tank of plates covering a range of subjects, it 
is not possible to make allowances for indivi- 
dual subjects in development, but any dis- 
crepancies can always be put right at the 
printing stage — e.g., by choosing a paper of the 
correct grade to suit the contrast of any indi- 
vidual negative. 

See also: Developing negatives. 
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TINTING. Term for colouring prints and 
lantem slides by applying suitably coloured 
dyes with a brush. Tinting cannot change the 
greys and blacks of the silver image and is 
mostly effective only over the highlights; 
nevertheless the results often succeed in being 
pleasing. 

TINTYPE. Another name for a ferrotype— a 
photograph made on a wet collodion emulsion 
coated on a japanned metal plate and de- 
veloped in an iron developer. Popular in the 
earlier part of the century for “while-you- 
wait” photography. 

TISSUE. Very thin and loosely textured soft 
paper. One type, known as Japanese tissue, is 
used as a texture screen to give enlargements a 
bromoil print appearance. 

The term is also applied to : 

(1) Dry-mounting tissue. This is a shellac 
impregnated tissue paper used for mounting 
prints. The shellac in the tissue, laid between 
print and mount, melts on application of heat, 
bonding the print to the mount. 

(2) Carbon and carbro tissues. These are 
somewhat thicker paper with a pigmented 
gelatin coating which is rendered partly in- 
soluble on sensitization with bichromate and 
exposure to light or chemical interaction with 
a silver image. Used for producing pigment 
images by the carbon or carbro process. 



TITLES. It is often necessary to print a title or 
signature upon a photograph — e.g., of a view — 
to record the place and sometimes the date of 
taking. The easiest way is to print the title 
on the negative so that the picture and the 
title are printed at the same time. 

Titles on Negatives. Titles may be applied to 
negatives by hand or by photographic means. 
The first is quick, but it demands some skill. If 
the work is done neatly it can be quite satis- 
factory but anyone not accustomed to hand 
lettering is unlikely to make a good job. On the 
other hand the photographic title is easier and 
generally neater, although it takes more time. 
Whichever method is employed, titles should 
be used on negatives when only contact prints 
are required ; subsequent enlargement will 
make all but the finest lettering appear ragged 
and imperfect. For enlarging it is generally 
better to apply titles directly on to the print — 
either by hand or photographic methods. 

If the photographer is capable of producing 
good lettering, the easiest method of titling 
negatives wifi be by hand. Photographic 
methods, although suitable for the inexperienced 
artist, generally take much more time to prepare. 
Hand Titles. If the negative is on film the title 
can be lettered on the celluloid side in block 
letters or script. The lettering is best done with 
a very fine mapping pen. 

Ordinary writing ink is not suited to this 
purpose; the opaque medium used for 




PHOTOGRAPHIC PRINT TITLES. To print a black title on to on 
enlargement, proceed as follows. I. Photograph a white card, 
bearing the title lettering in the correct position, on a high- 
contrast negative material. 7. Process in the usual way, making 
sure that everything except the lettering is as dense as possible. 
3. After setting the enlarger far magnification and focus of the 
picture negative, place the title negative in the carrier, position 
the enlorging paper, and expose. A. Without disturbing any- 
thing else, replace the title negative by the picture negative, 
and expose again to print the picture. 5. Final combination 
print with black title on light background. 
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blocking out negatives and indian ink used by 
draughtsmen are both satisfactory. If either 
medium is too thick, or it is thought the 
lettering will print too white, it can be thinned 
with water. 

The dyes used for retouching — red, grey, 
or black — are also suitable. These also may be 
diluted and one of their advantages is that they 
can be removed at any time by soaking in cold 
water. 

When the title is put on the celluloid side of 
the film there is some slight diffusion in print- 
ing owing to the thickness of the film, but this 
is not objectionable. 

Those who are not skilled in the art of letter- 
ing can use printed typescript as a guide for 
tracing the title in this way: 

First cut out a sufficient supply of letters or 
words from some suitable source— e.g., old 
magazines or Christmas cards. Then paste 
them on a sheet of thick paper or card, using 
the negative as a guide for spacing and size, 
and starting at the left hand side of the picture. 
The title is then fixed to the negative with trans- 
parent adhesive tape to keep it in the same place 
during tracing. It is now easy to copy the out- 
line of each letter on the celluloid side of the 
film. 

There must not be too much of the medium 
on the pen. It is best to work with a pen nearly 
dry, and to make two or three applications of 
the medium to build up the letters. 

If the title is printed on the emulsion side of 
the negative, the lettering must be reversed. 
This can be done by first tracing the letters on to 
a sheet of transparent material such as an old 
film negative bleached in Farmer’s reducer. 
This is placed in position on the glass side of the 
plate and the title can then be traced on the film 
side. Alternatively the title may be traced on, a 
strip of clear celluloid and attached to the 
negative with cellulose tape. 

Black lettering is often preferred as being 
less glaring than white while being just as easy 
to read. The lettering is scratched on the film 
side of the negative with a sharp point — e.g., of 
a darning needle — mounted in a cork and 
pressed into a pen holder. The lettering in this 
case must be drawn reversed as for titles on 
plate negatives. The clear lines left on the nega- 
tive come out as black lines on the print. 

Another way of introducing black lettering 
is to write on the negative with a small brush 
dipped in Farmer’s reducer. This is not an easy 
method as the solution is not easy to control, 
and there is some risk of spoiling the negative. 
It is not suited to small negatives. 

Photographic Methods. Although these involve 
rather more work they give more pleasing 
results especially in the hands of beginners 
and they avoid risk of damage to the negative. 
Moreover if the title is no longer needed it can 
easily be removed. 

For black lettering the title should be let- 
tered in indian ink on stiff white paper or card. 


The characters should be li to 2 times the final 
size as this makes the work easier and helps to 
minimize any small imperfections. It is possible 
to build up a title using typescript cut out and 
pasted on paper or card or to have it set up by 
a printer, and the “pull” used. 

Another alternative is to build the title with 
the card or plastic letters used for titling cine 
films. The title is set up in front of the camera 
and photographed. The negative should be 
used as a guide to see that the title is in the 
correct position and of the correct size. 

High contrast film of the process type and a 
contrast developer should be used. This com- 
bination will ensure that the lettering is sharp 
and clear against an opaque background. Any 
slight veil can be removed by treatment (for a 
few moments only) with Farmer’s reducer. 

The title is printed as follows: expose the 
picture negative under the enlarger or in the 
printing frame; remove it, and replace with 
the title negative, taking care that the title 
comes in the right place; expose through the 
title negative and develop the print. 

If white letters are preferred it is only neces- 
sary to make a contact positive from the first 
negative and print it simultaneously with the 
picture negative. Title strip negatives may be 
made in this way and attached to the film or 
plate in the correct position with transparent 
adhesive tape. 

Titles on Prints. If the print is on matt or rough 
paper, the title may be written on the surface in 
indian ink of a colour to match the tone of the 
print. Ordinary writing ink is not suitable and 
pencil should not be used as it gives a glossy 
surface that reflects the light and makes the 
lettering difficult to read. 

The dyes used for print spotting and retouch- 
ing can be used for titling and are in fact the 
only suitable medium for use on glossy surface 
prints. They should be diluted to match the tone 
of the print. 

These dyes may also be used to tone down 
too obtrusive white lettering. Black or brown 
dye is generally used, but grey and even red 
are sometimes effective. 

To print a title on the photograph without 
interference with the negative, the necessary 
data may be written upon a separate sheet of 
celluloid and attached to the negative with 
transparent adhesive tape. An old film negative 
with the emulsion cleaned off with hot water 
can be used and the data written or printed 
upon this using one of the opaque liquids 
employed for blocking out. These will take 
easily upon celluloid by using a hard pen nib 
with a fair amount of pressure. A small trace 
of liquid gum added to the medium helps. 
Alternatively the celluloid may be given a matt 
surface by rubbing with valve grinding paste 
or fine emery paper. The data may then be 
written on the surface with ordinary pencil. 

For black lettering, fog a sheet of film, place 
it in a developer until opaque, and fix, wash and 
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dry. The title or reference can be scratched on 
the film side with a darning needle. The title 
is then mounted over a hole in a sheet of opaque 
paper and placed over the exposed print. A 
white light is then shone on the title for a 
second or two and, when the print is developed, 
the title appears in black lettering. R.M.F. 

See also : Greeting cards; Lettering. 

TOMOGRAPHY. Special method used largely 
in medical radiography to reveal details of in- 
ternal structure normally shielded by other 
parts. During exposure the X-ray tube is swung 
in an arc of a circle which is centred on the 
point of interest. Meanwhile the film cassette, 
which is connected to the tube by a lever, is 
slid in the opposite direction. In the resultant 
radiograph, all structures above and below the 
pivot plane will be blurred, leaving a relatively 
clear impression of the selected object. 

TONE. Area of uniform density in a positive 
or negative image which can be distinguished 
from darker or lighter parts. A picture may 
consist of two tones — e.g., a black and white 
woodcut; or a number of tones — e.g., a 
photograph. 

TONE RENDERING. The human eye is most 
sensitive to yellow-green light, least to blue and 
red, and completely insensitive to ultra-violet 
and infra-red rays. When considering the 
sensitivity of the eye to light of different 
colours, amounts of light energy are measured 
by their ability to heat up a heat measuring 
instrument. 

The colour sensitivity of photographic 
materials does not in any way resemble that of 
the human eye. This means that a photograph 
does not reproduce the tone values of coloured 
objects in the same brightness as they appear 
to the eye. 

The early photographic materials were sensi- 
tive to ultra-violet radiation and blue light 
only. To a material of this sort any blue objects 
appear very bright and any green, yellow, or 
red objects appear dark by comparison. White 
clouds and blue sky seem to have equal tone 
values with hardly any differentiation. 

Late last century it was found that certain 
dyes would extend the sensitivity of photo- 
graphic emulsions towards the green and red 
and in certain cases even infra-red parts of the 
spectrum. 

The resulting emulsions are known as ortho- 
chromatic, panchromatic, and infra-red sensi- 
tive emulsions. 

Ortbocbromatism. Orthochromatic emulsions 
are sensitive to blue and green light and give a 
much better tone rendering than the earlier 
blue-sensitive emulsions. But they are insensi- 
tive to orange and red and tend to make them 
too dark in the print. Even so, orthochromatic 
emulsions are widely used for general photo- 


graphy and their performance is much im- 
proved if they are used with a yellow filter 
which cuts off some of the excessive sensitivity 
to blue. 

Pancbromatism. The colour sensitivity of pan- 
chromatic emulsions is nearest to that of the 
human eye. Nevertheless they are still exces- 
sively sensitive to blue and somewhat too 
sensitive to red light. So correction filters 
have to be used to give correct colour render- 
ing. 

Fairly accurate rendering of colour in terms 
of different tones of grey can be obtained 
with a panchromatic emulsion and a yellow 
filter which cuts out the excessive sensitivity to 
blue and ultra-violet light. 

Even more exact colour rendering is obtained 
by using a greenish filter which corrects the 
excessive sensitivity to red light as well as 
cutting down the blue. 

Contrast Filters. The photographer does not 
necessarily want to reproduce every colour 
according to its brightness to the eye. The 
human eye distinguishes between different 
objects in a scene not only by their different 
brightness, but very largely by the contrast in 
colour. 

Unfortunately, the colour contrast cannot 
be captured by the normal photographic 
material and it is quite possible for the effective 
contrast between two objects to be lost entirely 
in a black-and-white photograph. For instance 
red poppies in a green meadow may become 
quite inconspicuous. In such cases the photo- 
grapher often resorts to contrast filters to 
suppress one colour and increase the contrast 
between it and another colour. Filters can be 
used in this way to give striking, though un- 
natural effects. 

Orange and red filters, for instance, turn a 
blue sky almost black in suitable lighting 
conditions, and are often used to add drama to 
sky and cloud scenes. 

Infra-Red Emulsion. Infra-red sensitive materials 
give completely unnatural tones but they have 
a number of specialized applications in which 
truthf ul tone rendering is not important. Thus 
to an infra-red sensitive material the green of 
meadows and trees appears a brilliant white 
since the chlorophyll responsible for their green 
colour reflects the infra-red light. So that an 
aerial reconnaissance photograph of enemy 
territory, if it is taken on infra-red material, 
will clearly show up otherwise perfect camou- 
flage. 

Infra-red material is also used for photo- 
graphs of distant objects. This is because 
atmospheric haze tends to allow infra-red rays 
to pass while it scatters blue light. Therefore if a 
photograph is taken with an infra-red sensitive 
material and a filter which cuts out blue light, 
haze is much less noticeable than it would be 
with ordinary photographic materials. W.F.B. 

Sec also: Monochromatic illumination; Negative materials; 
Spectral sensitivity. 
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TONERS 


Toners change the colour of the black silver 
image of a print. They are commonly used for 
giving a black-and-white print a colour more 
suited to the subject of the photograph — e.g., 
for making a sepia-coloured print of a portrait 
or a subject in sunshine, or for making a blue 
or green coloured print of a sea study. Most 
toners can be used equally well on lantern 
slides or other positive transparencies. 

There are four general types of toner: 

(1) Sulphide and selenium toners, which 
convert the silver image into silver sulphide 
and/or selenide. These usually give a range of 
reddish brown tones. 

(2) Metal toners which convert the black 
silver image into a compound of the desired 
colour. This compound may be an insoluble 
coloured silver salt or a double salt with an- 
other metal. 

(3) Dye toners, which act by depositing a 
dye image on top of the silver image. The 
silver image can, if necessary, be removed com- 
pletely in a suitable reducer. 

(4) Colour developers, which form a dye 
image as well as a silver image. The dye is 
formed during development by oxidation 
products. 

SULPHIDE AND SELENIUM TONERS 

In indirect sulphide toning, the image is 
bleached out in a halogenizing bleacher, washed, 
and then darkened in a sulphiding solution. 
The Bleacher. The standard bleacher is a 
solution of 1-5 per cent each of potassium 
ferricyanide and potassium bromide. A per- 
manganate or copper sulphate halogenizing 
bleacher containing sodium chloride will work 
equally well. 

Variations in tone can be obtained by using 
an alkaline potassium ferricyanide and potas- 
sium iodide bleacher. There are several alterna- 
tive bleachers which give slightly different 
tones from those obtained by the standard 
process. One of these is a solution of 0-5 per 
cent potassium bichromate containing 4 per 
cent hydrochloric acid. 

The Darkener. In sulphide toning the standard 
darkener is a 1-5 per cent solution of sodium 
sulphide — usually made by diluting a 20 per 
cent stock solution, since dilute sodium sul- 
phide solution does not keep well. Those who 
object to the smell of sulphide toning with 
sodium sulphide solutions may use a darkener 
containing 0-25 per cent each of thiocarbamide 
and caustic soda, with or without up to 2 per 
cent potassium bromide. It is possible to 
control the tone to some extent by varying the 
proportions of thiocarbamide and caustic soda. 

For selenium toning the darkener may be a 
1 per cent solution of sodium sulphide con- 
taining 0-05-0 -1 per cent selenium — dissolved 
in the hot solution. Those who object to the 


smell of the sulphide may use the thiocar- 
bamide darkener (above) containing 0-1 per 
cent of selenium. 

With most bromide papers, sulphide toners 
give a warm sepia image colour. There are some 
papers, however, which cannot be made to 
yield anything better than an unpleasant yellow- 
brown. Such papers are unsuitable for sul- 
phide toning. 

Selenium toners give a colder purplish tone. 
Controlled Sulphide Toner. The image tone 
obtained by sulphide toning can be varied to 
colder brown or even warm-black by adding up 
to equal parts of 2-5 per cent mercuric chloride 
solution to the standard ferricyanide and bro- 
mide bleacher. The higher the proportion of 
mercuric chloride, the colder the tone obtained. 
At the same time, the more mercuric chloride 
there is in the solution, the more the print will 
be intensified. 

After any bleacher containing mercury, the 
prints should be rinsed in several baths of 1 -5 
percent hydrochloric acid, before being washed 
and toned. 

Warmer tones (to brownish-red) follow the 
use of the standard bleacher with a darkener 
containing a proportion of 1 per cent sodium 
thioantimonate (Schlippe’s salt) solution. This 
adds orange-yellow antimony sulphide to the 
image. The warmest tones of all are given by the 
thio-antimoniate solution only as a darkener. 
Direct Toning. For direct sulphide toning the 
print or transparency is immersed in the toner 
without previous bleaching. The bath converts 
the image into silver sulphide or selenide. 

The solutions take rather longer to act than 
in indirect toning — some 10-20 minutes in- 
stead of 3-5 minutes. The prints are taken out 
of the solution just before they reach the 
required tone, because the action continues 
slightly during washing. 

Most direct sulphide toners are of the poly- 
sulphide type. A suitable direct toner can be 
made by adding powdered sulphur to boiling 
50 per cent sodium sulphide solution until no 
more will dissolve. When cold, the solution is 
diluted ten times for use. A I per cent solution 
of liver of sulphur (potassium polysulphide) is 
equally satisfactory. 

On the same principle, a direct selenium 
toner can be made by dissolving powdered 
selenium in hot 10 per cent sodium sulphide 
solution. This toning solution tends to stain 
the prints, but it can be improved by mixing 
3 parts of it with 20 parts o f a 1 5 per cent sodium 
thiosulphate (hypo) solution containing 5 per 
cent of potassium metabisulphite. 

An odourless selenium toner can be prepared 
by dissolving 1-2 parts of selenium powder in 
150-200 parts of 15-20 per cent sodium sul- 
phite, and adding 30-40 parts solid ammonium 
chloride. This solution may be diluted with an 
equal volume of water. 
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Hypo-Alum Toners. Hypo-alum toning is an- 
other method of direct sulphide toning. The 
prints are first hardened in a formalin or 
similar hardener and then immersed in a hot 
solution of 20 per cent sodium thiosulphate 
(hypo) containing 2-5-5 per cent potash alum. 
The tone obtained depends on the temperature 
of the bath: the hotter the solution, the colder 
the tone. About 120-130° F. (50-55° C.) is the 
optimum temperature. Toning usually takes 
10-15 minutes. 

A fresh hypo-alum toning bath has a slight 
reducing action on the image. This action can 
be exhausted by immersing a few waste prints 
in it or by adding a small amount of 10 per cent 
ammoniacal silver nitrate solution (about 1 
part in 200). 

Because of the high temperature of the solu- 
tions, hypo-alum toning is not suitable for 
lantern slides or other transparencies. 


METAL TONERS 

With most metal toners the silver image is 
first converted into an insoluble silver salt in a 
bleaching bath. The silver salt is then acted on 
by a darkener which converts it into a coloured 
compound consisting of a double salt of silver 
and the metal contained in the darkener. The 
salts most commonly used in this double salt 
formation are ferrocyanides. 

Some toners contain both the bleaching and 
the darkening agent in one solution, so that the 
whole process takes place in one bath. 

In other toners — e.g., iron toners — the silver 
itself may even be removed altogether, leaving 
only the coloured metal salt in its place. 

A few metal toners deposit another metal 
directly on the silver image. The deposited 
metal has to be a metal nobler — i.e., of lower 
chemical activity — than silver, e.g., gold. 
Uranium Toning, In uranium toning the silver 
image is converted into silver and uranium 
ferrocyanide which is reddish-brown in colour. 
The image is not, however, as permanent as 
the original and tends to be destroyed by alka- 
line solutions. For this reason, all rinses and the 
final wash should take place in slightly acidi- 
fied water — e.g., 0-1 per cent acetic acid. 

For indirect uranium toning the image is 
bleached in a 3 per cent potassium ferricyanide 
solution containing a trace of ammonia. It is 
washed and then toned in a 2-5 per cent uranyl 
nitrate solution containing 1 per cent of acetic 
acid and 0-5 per cent of potassium bromide. 

For direct uranium toning the print or 
transparency is treated in a toner containing 
uranyl nitrate and potassium ferricyanide in a 
suitably acid buffer solution — e.g., the Kodak 
T-9 formula: 


Uranyl nitrate 
Potassium quadroxalate 
Ammonium alum 
Potassium ferricyanide 
Hydrochloric acid, cone. 
Water to make 


44 (rains 
44 grains 
105 grains 
10 grains 
10 minims 
40 ounces 


2-5 grams 
2*5 grams 
6 grams 
I gram 
0-5 c.cm. 
1,000 c.cm. 


The prints are toned to the desired colour, 
and washed in changes of 0-1 per cent acetic 
acid until all stain is removed. 

Uranyl nitrate solutions are slightly sensitive 
to light, and should be stored in the dark. 

Gold Toning. There are two methods: 

(1) A plain black-and-white print or trans- 
parency can be made to turn a rich bluish- 
black by immersing it in the gold toner. In 
the resulting image, each individual silver 
particle is gold-plated. This type of image is 
more permanent than the original silver image. 
The process can also be used to improve 
greenish-black tones caused by exhausted or 
excessively restrained developers. 

(2) A sulphide-toned print or slide can also 
be toned subsequently with gold. The effect of 
this is to turn the image chalk-red. 

The usual gold toner contains 0- 1 per cent of 
gold chloride and 1 per cent of potassium or 
ammonium thiocyanate. This can be made up 
by mixing the components as 1 per cent solu- 
tions in the appropriate proportion of 1 : 10. 

The image is toned to the colour required, 
and the print or transparency is then washed 
and dried in the usual way. 

Nickel Toners. In normal nickel toning the 
print is first immersed in the following bleach- 
ing bath, in which the toner converts the silver 
image into silver and nickel ferrocyanide. 


Nickel nitrite 
Potassium citrate 
Citric acid 

Formalin, 40% solution 
Water to make 


2 ounces 
12 ounces 
I ounce 
4 ounces 
40 ounces 


50 grams 
300 grams 
25 grams 
100 c.cm. 
1.000 c.cm. 


Just before use, 5 parts of this solution are 
mixed with 1 part 15 per cent potassium 
ferricyanide. 

After bleaching, the print is immersed in a 
5 per cent sodium thiosulphate solution for 
5-10 minutes. 

For bright red tones the print is then toned 
with a dimethyl glyoxime toner: 

Dimethyl glyoxime, saturated solution (7 — B per 


per cent) in alcohol 10 parts 

Ammonia solution, O'00O I part 

Sodium hydroxide, S% solution I part 

Water to make 100 parts 


Final washing in changes of 0-1 per cent 
acetic acid solution completes the process. 

For violet tones the nickel-toned print may 
be immersed in a 25 per cent solution of ferric 
alum containing 0-5 per cent of sulphuric acid 
and 10 per cent of potassium bromide. 

For bluish-green tones the original black- 
and-white image is bleached in the nickel 
bleacher, washed, and immersed for five 
minutes in 5 per cent ferric chloride, followed 
by hydrochloric acid diluted 1 : 6. The print or 
transparency is then washed in several changes 
of 1 per cent citric acid, fixed in 5 per cent 
sodium thiosulphate solution, and washed 
again in eight to ten changes of 1 per cent 
citric acid. 
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Lead Toning. In lead toning the silver image is 
converted into yellow lead chromate. 

The print or transparency is first bleached in 
a 2 per cent potassium bichromate solution 
containing 0-5 per cent of thiocarbamide. It is 
then washed and toned in 5 per cent lead 
acetate containing 0-5 per cent of acetic acid. 
After toning it is fixed in 5 per cent sodium 
thiosulphate and washed again. 

Cobalt Toning. Cobalt toning gives green tones. 
The image is bleached in a 3 per cent potas- 
sium ferricyanide solution containing 0-5 per 
cent of potassium bichromate, cleared in 3 
per cent potassium metabisulphite solution, 
and toned in a solution containing 2-5 per 
cent each of crystalline cobalt chloride and 
acetic acid, and 0-5 per cent of ferrous sulphate. 
Washing, fixing, and a final wash complete the 
process. 

Vanadium Toning. Vanadium toners have also 
been used to obtain green image tones. They 
are, however, uncertain in their action, and can 
now be considered obsolete. 

Iron Toning. Iron toners convert the silver 
image into a brilliant Prussian blue ferro- 
ferricyanide compound. These blue toners also 
intensify the image, so prints or slides should 
be made slightly lighter if they are to be toned 
blue afterwards. 

All iron toners consist essentially of a mixture 
of a ferric salt — usually a more stable double 
ferric ammonium salt like ferric alum or the 
double oxalate or citrate — and potassium 
ferricyanide, in acid solution. The silver is 
converted into silver ferrocyanide which imme- 
diately forms a ferro-ferricyanide. Various 
other substances may be added to stabilize the 
toner and improve its consistency and keeping 
qualities. 

A suitable formula is : 


Ammonium persulphate, 10% solution I part 

Ferric alum, 10% solution 3 parts 

Oxalic acid, S% solution 12 parts 

Potassium ferricyanide, 10% solution 2 parts 

Ammonium alum, 10% solution 10 parts 

Hydrochloric acid, diluted 1:9 2 parts 

Water to make 200 parts 


The solutions are mixed in the above order, 
and filtered if necessary. 

The prints or transparencies are immersed 
in the toning solution until they are completely 
blue, and washed in changes of slightly acidified 
water. 

For green tones the blue-toned image may be 
treated in a solution containing 0-5 per cent 
each of sodium sulphide and concentrated 
hydrochloric acid. It should afterwards be 
washed in slightly acidified water. 


DYE TONERS 

Mordant dye toning depends on the fact that 
certain dyes will not stain ordinary gelatin, 
but they will dye gelatin which has been im- 
pregnated with certain insoluble compounds. 


known as mordants, on which the dye can be 
adsorbed. Suitable mordants are the insoluble 
thiocyanates, ferrocyanides, and halides of 
some metals. 

For mordant dye toning the silver image is 
converted into a mordanting compound of this 
type and then dyed in a dye bath. 

The formula for copper thiocyanate mordan- 
ting bleacher is: 


Stock solution A 
Copper sulphate (blue 
vitriol) 

1 ounce 

25 grams 

Potassium citrate 

4 ounces 

1 00 grams 

Glacial acetic acid 

390 minims 

20 c.cm. 

Water to make 

40 ounces 

1,000 c.cm. 

Stock solution B 
Ammonium (or potassium) 
thiocyanate 

1 ounce 

25 grams 

Water to make 

10 ounces 

250 c.cm. 


For use 1 part of B is slowly stirred into 4 
parts of A. The solution must be clear, other- 
wise it is useless. 

The image is bleached until it is a dirty grey, 
soaked in several changes of still water, and 
dyed in a dye bath. 

The formula for a silver iodide mordanting 
bleacher is: 


Potassium iodide 
Iodine 

Glacial acetic acid 
Water to make 


2 ounces 
265 grains 
I ounce 
40 ounces 


50 grams 
15 grams 
25 c.cm. 
1,000 c.cm. 


The image is bleached in this solution, 
washed, and dyed. This mordant gives clearer 
colours than the copper thiocyanate because the 
silver iodide is practically colourless. 

Other mordanting bleachers can be prepared 
with uranium nitrate and potassium ferri- 
cyanide, or with potassium iodide, thiocyanate, 
and thiocarbamide. 

The following dyes are suitable for the dye 
bath: 


TONING COLOURS 


Colour 

Dye 

Violet 

Methyl violet, benzyl violet 

Blue 

Methylene blue, thionine blue 

Green 

Victoria green, malachite green, methylene 
green 

Yellow 

Auramine, thioflavine T. 

Orange 

Chrysoidine 3R 

Red 

Rhodamine, basic fuchsine, safranine A, neo- 
phosphine 

Brown 

Chrysoidine brown 


Most of these dyes can be mixed in any 
proportions to give intermediate shades. 

A suitable dye bath consists of 1 part of the 
dye dissolved in 500 parts of 1 per cent acetic 
acid. Higher dye concentrations dye the image 
more rapidly, but produce less contrast; weaker 
dye baths act more slowly, but produce a 
contrastier image. 

If the highlights tend to become stained, they 
can be cleared by adding more acetic acid to the 
dye bath. 
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When the dye image has reached its required 
density, the print is washed. This operation 
must be carefully watched, because prolonged 
washing may remove some of the dye from the 
image. 


COLOUR DEVELOPERS 

For colour development, the image is 
bleached in a normal halogenizing bleacher and 
re-developed in a chromogenic (colour genera- 
ting) colour developer. The oxidation products 
of the developing agent combine with the 
colour-formers in the solution to form a stain 
image at the same time as the developer 
develops the silver image. The silver image may 
be removed, leaving only the stain image. 

Suitable developing agents usually consist 
of derivatives of paraphenylene diamine or 
para-aminophenol. Proprietary compounds of 
this type are commercially available under 
various trade names. 

The colour obtained with each colour-former 
varies slightly according to the developing 
agent used. 

A suitable colour-coupling developer formula 
is: 


Diethyl para-phenylene 
diamine hydrochloride 
or bisulphite 

Sodium sulphite, anhydrous 
Sodium carbonate, 
anhydrous 

Potassium thiocyanate, 

10% solution 
Colour former solution 
Water to make 


44 grains 

2-5. grams 

44 grains 

2-5 grams 

265 grains 

15 grams 

190 minims 

10 c.cm. 

95 minims 

5 c.ciri. 

40 ounces 

1,000 c.cm. 


The developer should be made up imme- 
diately before use. 

The colour formers can be stored as solutions 
in alcohol (colourless industrial methylated 
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alcohol will do), acetone, or a mixture of equal 
parts of alcohol and acetone. 

COLOUR FORMERS 


Colour Colour Former Solvent Strength of 

Solution 


Blue 

Alpha-naphthol 

Alcohol 

1-2% 

Blue 

Blue- 

5-nitro-alpha-naphthol 
2‘- 4-dichloro-alpha- 

Alcohol 

1-2% 

green 

Green 

naphthol 

Pentabromo-alpha- 

Alcohol 

1-2% 


naphthol 

Alcohol 

3% 

Pale 

green 

Dichloro-ortho-cresol 

Alcohol 

2-3% 

Yellow 

2 - 5-dichloro-aceto- 
acetanilide 

Alcohol or 
acetone 

5% 

Yellow 

Ortho-chloro-aceto- 

acetanilide 

Alcohol 

5% 

Yellow- 

Cyanacetanllide 

Alcohol and 


brown 


acetone 

1% 

Orange 

Benzoylacetanilide 

Alcohol or 
acetone 

5% 

Red 

1:3: 5-phenyl-methyl 
pyrazolone 

Acetone 

3-5% 

Magenta 

Para-nitrophenyl aceto- 
nitrile 

Alcohol or 
acetone 

5-8% 


The above colour formers may be mixed in 
any proportion to produce intermediate tints. 

The silver image can be fully removed with 
Farmer's reducer, or, better still, it can be 
bleached in a ferricyanide and potassium 
bromide bleacher, followed by a plain 10 per 
cent sodium thiosulphate fixing bath. 

If the bleaching process is arrested before it 
is complete, leaving the silver image only 
partially removed, the colour tones will be 
darkened by a certain amount of black, silver 
deposit. If the bleaching bath is followed by a 
sulphiding solution, the colours will be com- 
bined with brown. L.A.M. 

See also: Colouring prints; Flextchrome process. 

Books: AH About Print Finishing , by R. M. Fanstone 
(London); Enlarging, by C. I. Jacobson (London); The 
Complete Art of Printing and Enlarging, by O. R. Croy 
(London). 


TONE SEPARATION. Since a paper print 
can at the best possess a tone range of only 
30:1, it can rarely record the true tones of the 
negative. On a soft grade of paper the tone 
gradation from high lights to shadows may be 
compressed to as little as one-tenth of the range 
of the negative — i.e., if the negative has a 
long scale of tones ranging from deep shadows 
to bright highlights, or if the negative in- 
cludes tones at both extremes of the density 
scale. While the darkest part of a negative may 
be 300 times as opaque as the thinnest section, 
the blackest shadow of the print cannot be more 
than about 30 times as dark as whitest paper 
tone. This means that the print will look flat, 
even if it includes a complete range of tones 
from black to white, simply because the separa- 
tion between the individual tones is not great 
enough. 

Selective Printing. One way out of the diffi- 
culty is to print only the medium tones and 
part of either the shadow or the highlight 


detail on a contrasty paper — i.e., some of the 
tones are deliberately sacrificed, so that the 
whole of the available tone scale of the paper 
can be exploited fully in reproducing a relatively 
narrow section of the negative tone scale. This 
method is satisfactory if the tones that are 
sacrificed are unimportant or even completely 
absent in any case. 

Separation Printing. The other way out is to 
print the highlights and the shadows separately, 
and to allow the tone scale of each to overlap. 
This method is called tone separation; it is 
particularly useful for subjects consisting of 
extremes of light and shade, with nothing much 
in between them. 

While tone separation falsifies the gradation 
of the subject, it is capable of giving a print that 
looks more natural than one made by normal 
printing procedure with its resulting com- 
pressed tone scale. The reason for this lies 
in the differing psychological reactions that are 
brought into play when we look at a real object 
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TONE SEPARATION. Reduces the contrast range of excessively 
hard negatives by separating and overlapping the highlight 
and shadow tone scales. I. Prepare positive transparency 
and mark registration crosses on opposite margins. 2. Make 
shadow negative of great contrast and almost opaque high- 
lights, but showing good shadow gradation. 3. From the same 
transparency make also a highlight negative with detail in 
highlights, but none in shadows. 4. Focus shadow negative in 
enlarger, and adjust paper position. Mark registration crosses 
on paper With pin pricks, then expose. 5. Replace shadow 
negative by highlight negative, register crosses on negative with 
pinpricks on paper, and expose. 


and a two-dimensioned representation of it in 
tones of grey. 

There are two steps in making tone separa- 
tion prints; making the highlight and shadow 
negatives from the original film or plate; 
printing the two negatives, one after the other, 
in exact register on to the same sheet of printing 
paper. 

The separation negatives can be made by 
direct printing and reversal processing, or via 
an intermediate transparency. In either case, 
they may be the same size as the original or 
enlarged to exactly the same degree. 

The highlight negative should be thin and 
soft, with sufficient detail in the highlights, but 
none in the shadows. The shadow negative 
should be dense and contrasty with the high- 
lights almost opaque, but full of detail in the 
shadows. 

The correct type of negative in each case is 
arrived at by suitably adjusting the exposure, 
development, or both. If the original negative 
is dense and contrasty, it may be used as the 
shadow negative. In this case it is only 
necessary to make the highlighit negative. 

The original negative is marked with a couple 
of crosses on opposite margins. These 
crosses are reproduced on the separation 
negatives and are used to bring the images into 
exact register on the printing paper. 

The shadow negative is printed first. When 
the negative has been focused, and just before 
it is exposed, the registration marks are marked 
on the paper with pin-pricks. The highlight 
negative is then printed on the same sheet of 
paper, after the registration marks have been 
made to coincide exactly with the position of 
the pin-pricks. 

The relative exposures are best found by test 
strips. The exposure for the shadow negative 
should be long enough to render the shadows 
satisfactorily. The highlight negative will need 
about one-twentieth to one-tenth as long; the 
highlights should just print through. 

The character of the result depends on the 
length of each exposure, as well as on the 
density and gradation of the separation 
negatives. 

Certain methods of processing — e.g., water- 
bath development — or aftertreatment of the 
original negative may also be employed to 
adjust the highlight and shadow gradation 
independently to give a measure of tone 
separation on printing. The control possible 
in this way is, of course, much more limited. 
Person Process. Another variation of the 
principle of tone separation was described in 
1930 by A. Person. His method was to expose 
and process the negative so that it embraced a 
range of densities much greater than the softest 
paper could reproduce. From this negative he 
made a positive transparency in which the 
highlights were printed in full detail and the 
shadows were allowed to block up completely. 
He then made a contrasty negative of the high- 
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light detail by printing the transparency with a 
very short exposure on contrasty material. 

The two negatives were then printed one 
after the other in register on the same sheet of 
bromide paper, and by varying the exposure 
given under each negative it was possible to 
produce a print in which the shadow and high- 
light tones were registered simultaneously. 
The fact that the middle tones are compressed 
by the process is not obvious, and the tone 
quality of the finished product can reach a 
very high level indeed. 

Posterization. By carrying the tone separation 
process still further it is possible to eliminate 
all but two or three tones of the subject, pro- 
ducing a broad poster-like effect. This is known 
as posterization. L.A.M. 

See also: Posterization; Tricks and effects. 

Book: The Complete Art of Printing and Enlarging, by 
O. R. Croy (London). 

TOURNACHON, GASPARD FELIX,(known 
professionally as Nadar), 1820-1910. French 
writer and photographer. Probably the first 
“camera journalist”; the first to take photo- 
graphs from a balloon (1858). Planned to 
use balloon photography for topographical 
survey work. Photographed catacombs in 
Paris, using electric light as illuminant (1862). 
A most successful portrait artist. Autobio- 
graphy : Paris, 1 900. 

TRADE IN PHOTOGRAPHIC GOODS. The 
photographic trade is herein taken to comprise 
the activities of British manufacturers, im- 
porters, wholesalers and retailers of sensitized 
materials, cameras, enlargers, projectors and 
accessories when supplying the general public. 
Retail. The earliest photographers had to coat 
their own plates as well as do their own 
developing and printing. The natural point of 
supply for photographic requisites therefore 
became the retail chemist. He stocked galenicals 
(after Galen, the second century a.d. Greek 
physician) or chemicals, or if he did not, he 
was the only retailer able to get them. Pre- 
packed, ready mixed photographic chemicals 
were unknown until about 1910. The optician 
was also early in the field, and in London there 
are records of specialist photographic dealers 
from surprisingly early days. The retail pattern 
of the photographic trade was already estab- 
lished by the time of the Franco-Prussian 
war and it has not altered very greatly since. 

Today, the most important retailer of 
films, chemicals and simpler cameras is still 
the chemist and in many cases — particularly in 
the provinces — when the interest of the manage- 
ment and the situation of the shop are favour- 
able, the chemist may become a genuine 
photographic dealer, carrying an extensive 
range of apparatus. One or two opticians have 
also become genuine photographic dealers 
operating a chain of retail shops. The purely 
photographic dealers, who sell nothing but 


photographic materials and apparatus, form 
the backbone of the better class camera and 
projector trade, but they are not often found 
outside the bigger cities. It is only in recent 
times that photographic dealing alone has 
yielded a big enough turnover to make such a 
business worth while elsewhere. Today, how- 
ever, a considerable number of retailers up 
and down the country are making a success of 
specialist photographic dealing. 

Other retail outlets for photographic equip- 
ment are professional photographers and big 
stores. In each case success depends largely on 
the interest which the management is prepared 
to take, and in 6ome cases it is considerable. 
There are also dealers who combine the sale of 
photographic equipment and radio sets. This 
type of business probably arose when the home 
cine projector first appeared, and the local 
electrical shop was better equipped for servic- 
ing it than the chemist. Nowadays, whether the 
photographic retailer is a chemist or specialist 
dealer, he generally supplies and services all 
home movie equipment while the electrical 
shop sticks to radio and television sets. 
Wholesale. The retailer draws his supplies 
from manufacturers or merchants, but even 
the largest can only place small orders for any 
one kind of article as he has to stock so many. 
Since modem manufacturing processes involve 
batches of many thousands while the retailer 
may order only a few at a time, some reservoir 
is necessary between the manufacturer and 
the retailer. This is provided either by the 
manufacturer himself or by merchants who 
may be either wholesalers, sole distributors or 
sole importers. The cost of the operation is 
considerable and whether it comes out of the 
manufacturer's overheads or the merchant’s 
gross profit makes little difference to the final 
price to the consumer. These services, whether 
they are carried out by the manufacturers or a 
merchant, make it possible for goods to be 
made and held in anticipation of seasonal 
requirements. The stockholder in the photo- 
graphic trade is exposed to the hazards of 
weather, fashion and competition just as in any 
other consumer goods trade. 

The clerical and physical work involved is 
considerable. Thousands of small orders come 
in from retailers, each for a mixed assortment 
of goods. It is first necessary to check that the 
sender of the order is entitled to a trade dis- 
count and that he is paying his account. The 
order must then be looked out, packed, dis- 
patched and invoiced. Returns and repairs 
must be received and dealt with, and in all 
these transactions a considerable correspon- 
dence is involved. All this is very costly in 
terms of labour and though tools like calcu- 
lators and accounting machines help, the 
basic operations cannot be mechanized. 
American Trade Organizaion. There are three 
main ways in which photographic goods reach 
the public in the U.S.A. 
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(1) Direct from the manufacturer to the 
retailer, through the manufacturer’s own dis- 
tributing and sales organization. This category 
includes certain big firms such as Eastman 
Kodak and Ansco, as well as smaller ones. 

(2) Via distributors or wholesalers. The 
manufacturer supplies the distributor who 
stocks the goods in his own warehouse and 
reaches the retailer through his own sales force. 
Most manufacturers in this category work 
through several distributors each of whom 
covers a given area, e.g.. North East, South- 
East, West Coast, etc. 

(3) Through manufacturers’ representatives. 
In this case the product is held in stock by the 
manufacturer who fills the orders and forwards 
them to the retailer. The representative simply 
calls on the retailer and relays his orders to the 
manufacturer. The manufacturer’s representa- 
tive does not as a rule keep stock on hand 
(except as samples) and usually handles the 
lines of several manufacturers. 

In addition to the above routes a certain 
amount of business is also done through mail 
order and discount houses, which buy the goods 
from the manufacturers and deal direct with 
the public. 

Marketing New Products. Before a new photo- 
graphic product — e.g., a camera — can be 
marketed by a manufacturer it must be ready 
to flow out of the factory, attractively packaged, 
with clear instructions and associated with 
suitable display and show material. The sales 
department of the manufacturer, the sole dis- 
tributor or sole importer then gets to work. 
The first step is to show the camera to the 
retailer. This is usually done by a traveller 
and it may take as much as two months 
for a country traveller to complete his round, 
covering the whole of his territory and showing 
the camera to all his retail customers. Mean- 
while the camera is advertised in trade papers 
circulating to retailers only as distinct from the 
members of the public. It is not advertised or 
reviewed in the photographic consumer press 
because the public would then expect the 
retailer to have it in stock. In fact, he may not 
even have seen it and may know no more 
about it than his customer. This situation is 
annoying for everybody concerned, so no 
competent supplier lets it arise if he can 
possibly help it. Everything possible is done 
to see that the new article reaches the sales 
department about three months before the 
season opens. 

The next stage is reached when all retailers 
of importance have seen the camera and their 
orders have accumulated. The supplier then 
sets out to deliver as many as possible all on 
the same day. If delivery is spread, one retailer 
may receive the camera and put it in his win- 
dow whilst the others in the same town, who 
ordered at the same time, do not get supplies 
till a week later. The press advertisements are 
timed to appear in papers read by the public 
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only after these initial deliveries have been made 
and sales leaflets have been distributed to 
retailers. 

Roll films and cheap cameras are the only 
photographic goods that justify the high cost of 
advertising in the national press. The advertis- 
ing of photographic equipment is thus largely 
restricted to specialized publications read by 
amateur and professional photographers. Their 
circulation is sufficient, however, to compel the 
retailer to stock those goods which they con- 
sistently advertise. It is more profitable for a 
retailer to stock the goods for which a demand 
has already been created by advertisements 
than those which he has to persuade the public 
to buy. 

Cost. One of the great difficulties of the photo- 
graphic trade in Britain is the disproportionately 
high cost of the better class cameras. For over 
25 years an import duty of 50 per cent has been 
levied on foreign cameras, while on all cameras 
there is a high level of purchase tax. The result 
is that the cost of a good foreign camera to the 
public may be well over four times the price 
ex works. In addition, an import quota which 
has been in operation since 1939 makes it 
extremely difficult for an ordinary citizen to 
buy a better class foreign camera at all. 

It is not surprising, therefore, to find that the 
trade in this country is somewhat undeveloped 
as compared with those countries which have 
a similar standard of life but a more liberal 
fiscal system. Comparing the number of 
retailers regularly stocking cameras with an 
ex-works value of about £5 (which means a 
price of about £22. 10s. to the British public), 
we get the following : 


DISTRIBUTION OF RETAILERS 


Country 

Estimated 
Number of 
Retailers 

Population 
( Millions ) 

Retailers per 
100,000 
Inhabitants 

Switzerland 

700 

47 

14 9 

West Germany 

3,000 

476 

63 

Franca 

2,500 

421 

59 

Holland 

600 

10-3 

SB 

Denmark 

250 

4-3 

SB 

Sweden 

400 

70 

57 

Belgium 

500 

B-7 

57 

U.K. 

1,000 

47-0 

21 


Though one must obviously accept with 
reserve estimates made by different observers 
in different countries as to the number of 
retailers of such and such grade, there is no 
reason to suppose that there are errors in the 
above table of more than about 50 per cent, 
and even such an error would still leave this 
country at the bottom of the list. 

However, if insistent demand is there, it 
will be met in one way or another whatever the 
difficulties involved. There is no doubt but that 
this is the position in the photographic trade. In 
spite of higher camera prices than in any other 
country in Western Europe, the British public 
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is taking up photography on an impressive 
scale and the trade is growing accordingly. We 
have from the Chancellor of the Exchequer the 
prophecy that, barring a war, the standard of 
life in this country is likely to double over the 
next 25 years. If this were to be realized, the 
hobbies, pastimes and the modest luxuries at 
present within the reach of, say, a million 
families would come within the reach of, say, 

15 million. If taxation were to become less 

repressive and if photography were to com- 
mend itself to this new group of spenders — and 
we have seen enough in recent years to know 
that it is very likely to — one can not un- 
reasonably forecast that the photographic 
trade will be something between ten and twenty 
times its present size before 1980. N.B. 

TRAINING FOR PHOTOGRAPHY. Any- 
body who has a camera is a potential photo- 
grapher. No formalities are required for selling 
photographic services. Success in photographic 
business is not dependent on diplomas or 
lettered qualifications. In these circumstances, 
it is hardly surprising that no established 
pattern of training for photography exists. 

According to a survey conducted by the 
British Institute of Public Opinion, 50 per cent 
of professional photographers served an 
apprenticeship, 22 per cent used to be amateurs, 

16 per cent drifted into photography through 
undefined ways and only 12 per cent graduated 
from schools. This only available survey, 
however, may not be conclusive as it was taken 
towards the end of the war (1944) when the 
greater proportion of the photographers 
questioned belonged to an older generation 
(33 per cent had worked in photography for 
35 years and longer). 

It is safe to assume that the proportion of 
those who went through a school or have 
benefited from some other organized method of 
training (e.g., in the armed services) is steadily 
growing as younger generations take over and 
as photography moves out from the small 
general purpose studio of the past into an 
ever-widening field of specializations. 

The general attitude of the photographic 
profession towards problems of training is pre- 
dominantly defensive. Those established in 
business are naturally less concerned with 
smoothing the path of newcomers, than with 
making sure that they will work to accepted 
standards. This is why recognized schemes of 
examinations exist without strictly corres- 
ponding means of acquiring the necessary 
qualifications for passing them. However, 
nobody is compelled to take these examina- 
tions. 

It is still quite usual to set out as an appren- 
tice to a professional photographer or to 
learn the trade in some other subordinate 
position. The normal period of formal appren- 
ticeship is four years. The apprentice may 
acquire supporting knowledge by going to 


evening classes, following correspondence 
courses, reading books or just mixing with 
other photographers. 

Methods Compared. Each method of approach 
— by apprenticeship or by schooling — has its 
particular merits and demerits: 

The advantages of workshop training are: 
it starts at the bottom, it goes straight on to 
real jobs, it pays for itself and it leads to 
business contacts. 

Its disadvantages are: it cannot be planned, 
it may end in premature specialization, it 
often substitutes rule of thumb for basic know- 
ledge and it leaves many people stranded in 
secondary occupations. 

The advantages of schooling are: it is 
methodical, it links practice with knowledge, 
it encourages experimentation and it creates 
a broader outlook. 

Its disadvantages are: it may be too theore- 
tical, in trying to cover too many subjects it 
cannot give enough on any of them, it is out 
of touch with business and it costs money. 

However, whilst the disadvantages of 
practical training are fundamental and hard to 
remedy, those of school training — with the 
exception of its cost — are only potential and 
not difficult to overcome later. 

Apprenticeship. As a place for training, a 
medium sized business handling a variety of 
jobs is best. There should be some paid assist- 
ants beside the trainee and no more than two 
trainees at a time. A studio with a great 
artistic reputation and, in particular, eccen- 
tricity of style is less likely to benefit the 
trainee than one offering all-round technical 
competence and business efficiency. Some 
masters expect an initial premium to be paid : 
in tum they will undertake to pay weekly 
wages at a very modest rate but rising every 
twelve months. There should be some educa- 
tional institution in the district where evening 
classes are available. 

Schools. With a school a methodical syllabus, 
well equipped premises and a teaching staff 
of reasonable size are the things to look for — 
not glossy prospectuses. One-teacher schools 
will teach less than studio apprenticeship. 
Great names do not necessarily make the 
best teachers; it is not what the man him- 
self can do that counts but whether he can 
show the way to somebody else. 

A complete full-time course in photography 
will take at least two years. A part-time course 
(evening classes) three to four years. 

A well-balanced syllabus will carefully 
divide up the time between photographic 
theory, camera practice and darkroom work. 
In the early terms theoretical subjects should 
take up more time than at later stages, when 
they may yield to extended practical work and 
specialized lectures. Attempts to teach theory 
after advanced practice are misplaced. 

Theoretical instruction should cover optics 
and chemistry. Some physics, psychology and a 
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little anatomical drawing are desirable addi- 
tions. Visual appreciation and print criticism 
make usef ul exercises. 

Camera work should extend to portraiture, 
still life as a basis for its commercial applica- 
tions, copying and, at later stages, outdoor 
practice ranging from architectural and in- 
dustrial photography to journalistic subjects. 

Darkroom work carries on from negative 
processing, contact printing and enlarging, 
to advanced methods of control, finishing and 
retouching. 

Techniques like lighting, flash and even 
colour are best taught at the proper phases of 
suitable fields of application rather than as 
subjects in their own right. They are means, not 
ends. 

The same is true about guiding the pupil’s 
pictorial approach. Young people are easily 
impressed by ideas of formalism and stark 
effects; they pick up fads more readily than 
they acquire craftsmanship. Thus schools 
deliberately cultivating individual techniques 
and styles often produce photographers who 
are handicapped by pictorial mannerisms. For 
obvious reasons schools with a technological 
background are less liable to show this bias 
than art schools. 

Private schools, in particular, sometimes 
use clever “progressive” methods to accelerate 
the pupil’s development in visualizing and 
making pictures. Basically it makes little 
difference whether image management or 
lighting is taught by photographing old- 
fashioned Greek plaster-casts or new-fangled 
abstract shapes. But there is always the danger 
that ideas and tricks that are quickly put over 
will fail to penetrate. Moreover the quick 
method courses of arty private schools almost 
inevitably cost more than (he longer and more 
deliberate training at public institutions and 
technical colleges. 

Abroad photographic schools are often 
financed by the State and/or the photographic 
industry of the country in question. In Great 
Britain, as a rule, photographic schools are 
run by county or municipal authorities. In the 
United States of America a number of uni- 
versities and colleges incorporate schools for 
photography. Many continental universities 
have photographic institutes or other alter- 
native high level facilities for training research 
workers and engineers to the requirements of 
the photographic industry. No comparable 
academic facilities exist in Britain. A.K.-K. 

See also : Careers in photography; Examinations. 

Book: Photography as a Career , ed. by A. Kraazna- 
Krausz (London). 

TRAINS. People photograph locomotives and 
trains either because they are interested in 
recording their technical features or because 
they want to make pictures of them. 

The pictorial photographer is usually content 
to work from a distance so that he can include 


the setting and exploit the appearance of the 
smoke and steam from the locomotive. He may 
be able to get all his pictures without being on 
railway property. But the technical enthusiast 
must be able to work close up to his subject. 
This means getting permission to take photo- 
graphs from line sides and in and around the 
locomotive sheds. As a rule, an application for 
permission addressed to the Public Relations 
Officer of the Region is willingly granted. When 
the photographer receives his permit he should 
regard himself as a privileged guest of the 
authority and behave accordingly. 

No permit is required for taking photographs 
from the railway platform or on railway 
property to which the public is normally 
admitted. 

The technical photographer must work to a 
plan if his prints are to be of any value as 
records. Generally the characteristic features 
of a particular class of locomotive or rolling 
stock call for at least two views (three-quarter 
front, and side) of each side and one or more 
views of engines of that type at work. 

The locomotive, in virtue of its shape, is an 
awkward problem for the photographer, as the 
tone range of the subject extends from brilliant 
reflections off the shiny boiler top to the dull 
black of dirt-grimed wheels and frames, usually 
deep in the shadows of the running plate. The 
smoke deflectors standing out at each side of 
the smoke box, like huge blinkers', produce 
deep shadows in which it is easy to lose the 
details of the black painted smokebox, especi- 
ally if there is back lighting. Under these con- 
ditions the only thing to do is to expose for the 
shadows or fill in the shadows with a syn- 
chronized flash bulb. 

It is important to photograph the engine or 
train from an angle that will show as many im- 
portant features as possible but which avoids 
awkward perspectives or depth of field prob- 
lems. Where it is only possible to get one record 
picture of a locomotive it is best taken with the 
subject at an angle of between 45° and 30° 
to the focal plane. This shows most of the 
side of the engine quite clearly and also most 
of the front detail. If more than one view 
can be taken then there should be at least one 
broadside view, a view showing the front, and 
another showing the cab and the arrangement 
of injector piping and so on, below the footplate. 
Moving Trains. The photographer should aim 
at taking pictures of moving trains with as 
little blurring of the subject as possible. Three 
things control the blur — the speed of the train 
(the f aster the train, the greater the blur will be) ; 
the direction of movement in relation to the 
camera position (movement towards or away 
from the camera gives least blur; movement 
broadside on to the camera gives most blur) ; 
for any given direction of movement, the faster 
the shutter speed, the less the blur. 

As a head-on view is very seldom required 
(and not very practicable) and a broadside view 
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is almost sure to be blurred (unless the camera 
is panned), moving trains are best taken with 
the fastest possible shutter speed when they 
are approaching at between 30° and 60° to 
the sight line of the camera. This way records 
the maximum amount of detail and shows the 
subject in good perspective. 

Photographing a train from the outside of a 
curve exaggerates the relative movement (and 
hence the blur) and also causes distortion, as the 
train is tilted away from the camera by the 
super-elevation of the outside rail. Pictures 
taken from the inside of a curve are much more 
satisfactory because the relative movement is 
less and the train leans towards the camera. 

The height of the camera in relation to the 
train also affects the appearance of the subject. 
Normal pictures are taken with the lens at the 
level of the footplate or a little higher and with 
the camera held level. The camera should not 
normally be tilted to include the top of the 
subject. If necessary, a more distant viewpoint 
must be chosen, or the photograph taken with 
a camera equipped with a rising front. When 
shots are made from above — e.g., from an over- 
bridge — the viewpoint should be far enough to 
the side to show the side of the engine and 
train. Low angle shots are best made with the 
camera on a level with the running rail. 
Background. In both train and locomotive 
photography, the background can make or mar 
the picture. Poles, wires, lamp-posts and so on 
that sprout out of a boiler, or confuse the out- 
line of chimney or safety valve should always 
be watched for and avoided when taking the 
picture. If it is impossible to avoid them they 
should be manoeuvred into the least offensive 
position by moving the camera one way or 
another. The unsightly objects may then be 
removed by painting them out on the negative. 
Subsequently the sky is reduced on the print 
until the white outline of the blanked-out 
object disappears. Iodine cyanide or iodine 
carbamide reducers are the best to use for this 
purpose. 

Camera. For photographing stationary loco- 
motives, almost any type of camera may be 
used, so long as the lens will give good definition 
over the whole field at the fairly wide apertures 
which are often needed in the murk and grime 
of a locomotive yard, especially in poor weather. 
It is also possible to photograph quite fast-mov- 
ing trains with relatively slow shutter speeds if 
the subject is kept well away from the camera 
and fairly head-on to it. But this technique 
cannot be expected to create outstanding 
pictures. 

The photographer who takes this subject 
seriously will not be satisfied with this kind of 
compromise. If he wants to get close enough 
to take impressively large pictures of moving 
trains he will need a more specialized type of 
camera. A shutter speed of 1/250 second is 
necessary for even slow-moving trains at normal 
angles of view, and speeds up to 1/1000 second 


are necessary for real action. A press camera 
with a focal plane shutter and an open wire 
frame finder has no equal for the work, although 
this type of shutter tends to distort fast-moving 
images. In the hands of the expert, the high 
grade miniature can be used to give nearly 
comparable results but it is not an ideal instru- 
ment for train photography. Generally, the 
simpler the controls the better, but a rising 
front and swing back are very useful; the latter 
enables the whole of a long train to be brought 
into focus when a wide lens aperture is used 
with the train oblique to the camera. 

The lens should have an aperture of at least 
/ 4-5 to permit the high shutter speeds neces- 
sary even in good light and be of normal focal 
length for the plate size. Some photographers 
prefer to use a slightly longer focal length from 
a more distant viewpoint in order to obtain a 
slight “bunching up” of the perspective of the 
train. This is the familiar telephoto effect and 
it avoids the drawn-out appearance of a long 
train tapering away to nothing across the whole 
width of the print. Special care in focusing is 
necessary when using such a lens as the depth of 
field is reduced. 

Materials. It is safest to use fast films and to 
stick to one make. In railway work it is often 
necessary to act quickly, so the photographer 
must be thoroughly familiar with his camera 
and film; he cannot afford to experiment. 

A soft working developer giving maximum 
shadow detail is generally the most suitable, 
and prints should normally be made on glossy 
bromide paper, properly glazed unless intended 
as exhibition prints when an egg-shell or lustre 
finish is better. Owing to the great contrast 
between the dark tones of the subject and the 
bright sky it is usually necessary to “dodge in” 
the sky and often also the boiler top and other 
highlights when printing, but care must be 
taken to avoid any suggestion of a white 
“ghost” round the engine. P.R.-W. 

S«e also; Movement. 

Book: All About Photographing Trains, by P. Ransome- 
Wallis (London). 

TRANSFER COATING. Transfer coating is 
suitable for sensitizing any fiat and hard 
surface like metal, wood, and plastic. 

The working material consists of a sensitive 
silver bromide gelatin emulsion layer, coated 
on a stripping paper. This is transferred on to 
the surface to be sensitized, exposed and pro- 
cessed. This process is used in various indus- 
tries for making templates, patterns, and for 
copying working drawings on to the material 
to be shaped or machined. 

The surface of the support is first lacquered 
by brushing or spraying on a special white or 
clear lacquer. White lacquer is used for most 
surfaces, clear where the surface is light already. 
Metal articles which might react with the pro- 
cessing solutions must be sealed off with a coat 
of lacquer on the surface, the back and sides. 
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When the lacquer coat is dry, it is softened 
again by applying a special softener, and the 
sensitive transfer coating paper is imme- 
diately squeegeed on to it. After a minute or 
two the lacquer sets and the paper backing 
can be stripped off. This leaves the sensitized 
layer ready for exposure and processing. 

When the layer has been exposed, it 
may be treated like a normal development 
paper with suitable modifications in processing 
technique where the sensitized article cannot 
be immersed in solutions. 

See also: Stripping; Templates; Transfer processes. 

TRANSFER PROCESSES. Processes involv- 
ing the transfer of an image from one emul- 
sion. or support to another. The transfer often 
involves physical reversal (left — right) and may 
involve tone reversal (negative — positive). There 
Is a variety of such processes working on 
fundamentally different principles and used 



TRANSFER PROCESSES. Top: Chemical transfer, as used in 
certain document copying processes for direct positives, in 
the carbro process, etc. Chemical action in the original 
images causes image forming reactions in the transfer layer. 
Centre: Physical transfer, as used in dye imbibition and similar 
processes. A matrix image, charged with dye, is brought into 
contact with a gelatin laver, ana transfers a dye image on to 
the latter. Bottom: Emulsion transfer, as used in a number of 
colour print processes, etc. The image in its emulsion layer is 
transferred as a whole from one support to another. 


for a wide range of purposes. They fall into 
the following general groups: chemical image 
transfer, physical image transfer and emulsion 
transfer. 

Chemical image transfer: the image is trans- 
ferred by chemical diffusion from one emul- 
sion layer to another placed in intimate con- 
tact with it. The image is in fact generated in 
the second emulsion; the only physical move- 
ment taking place is that of the chemicals 
generating the second image. The latter may be 
silver (as in various reversal transfer pro- 
cesses) or hardened gelatin (as in bromoil, 
carbro, and similar processes). 

Physical image transfer: most of these pro- 
cesses involve the transfer of a pigment or dye 
image absorbed or adsorbed on a gelatin 
matrix to a plain or gelatin coated paper or 
similar support. Examples are bromoil transfer 
(pigment ink), dye transfer (dyes), and various 
photomechanical and document copying pro- 
cesses. 

Emulsion transfer: here the whole emulsion 
or a gelatin matrix is stripped from one 
support and transferred to another. This may 
be necessary with many matrix processes in 
order to obtain a laterally correct image— i.e., 
one that is not reversed left to right — or to 
ensure that the matrix has a firm support — 
e.g., if the gelatin of the matrix is hardened from 
the top, the gelatin next to the support would be 
dissolved on development so the whole layer 
must be transferred to a temporary or per- 
manent support first. 

Another application of emulsion transfer 
is the preparation of photographic ten. plates. 
Here the unexposed emulsion is transferred on 
to the material to be worked, and exposed and 
developed there. L.A.M. 

See also: Stripping; Transfer Coating. 

TRANSMISSION. Passage of light through a 
transparent or translucent medium. The 
amount passed may be quoted as a percentage 
transmission; the more scientific term, especi- 
ally when applied to silver deposits in a photo- 
graphic image is transparency. A transmission 
of 100 per cent corresponds to a transparency 
of 1. 

See also: Transmission efficiency. 

TRANSMISSION EFFICIENCY. When light 
from an object falls on a lens, it does not all 
pass through to form an image on the plate. 
Some of it is lost by absorption and some by 
reflection. If the lens transmitted all the light — 
which no lens ever does — it would be 100 per 
cent efficient. 

The absorption of light is reduced to a 
minimum by using the purest materials for the 
manufacture of optical glass; most of the 
losses occur because of reflection at the various 
glass-air surfaces. 

Usually at each glass-air surface only about 
96 per cent of the incident light is transmitted, 


1200 



TRA 


and if the surface is only slightly dirty, the 
transmission is reduced to about 90 per cent. 
At first sight, this reduction in the amount of 
light transmitted may not seem very serious, 
but a modem photographic lens may contain 
eight glass-air surfaces, all of which actually 
reduce the transmission to 70 per cent, even 
when the surfaces are perfectly clean. 

See also: Coaled lens. 

TRANSPARENCY. Positive image on a 
transparent or translucent support — e.g., glass 
or film base — intended to be viewed by trans- 
mitted light or projected on to a screen. The 
image may be in monochrome or natural colour. 

Transparencies are popular in spite of the 
extra trouble involved in looking at them, for 
they can reproduce a greater range of tones 
than any method of printing on an opaque 
base. This is because the tone range of a print 
is limited at one end of the scale by the white- 
ness of the paper base and at the other by light 
reflections from the surface which prevent the 
attainment of a pure black tone. The tone range 
of a transparency on the other hand extends 
from a true black where a completely opaque 
area of the image blocks out the light alto- 
gether, to a highlight which can be as brilliant 
as the light source itself — i.e., where the emul- 
sion is quite clear. In practice this means that 
while the contrast range of a bromide paper 
print can never exceed about 1 : 40, a trans- 
parency can reproduce the actual contrast 
range of the subject which may be considerably 
more than 1 : 200. 

The result is that a lantern slide or film trans- 
parency in black-and-white or colour can give 
a more faithful rendering of the tones and 
modelling of the subject, and this is the favourite 
method of presentation among serious workers. 
Slides and transparencies are popular in 
camera clubs and societies because, in addition 
to their superior tones, they are more con- 
venient for viewing by a number of people. 
Most competitions include classes for slides. 

The term transparency is also a measure of 
the light passed by a transparent or trans- 
lucent medium. When light rays enter a material 
and are partly absorbed, the proportion of the 
original light that passes through unaffected 
is known as the transparency of the material. 
So transparency is a figure that may be any- 
thing between 0 and 1-0. The transparency 
factor is the reciprocal of the transparency. 
Often the transparency is quoted as a per- 
centage value (from 0 to 100 per cent) and 
called transmission. 

If a material absorbs some of the white light 
but the light that gets through is still white, 
then the material is said to be non-selective. 
But if only certain wavelengths are absorbed 
so that what passes through is coloured light, 
then the material is said to be selective. The 
extent to which the material absorbs the 
visible wavelengths can be shown by an 


absorption curve, which is a graph of percent- 
age transmission in relation to wavelength. 

The absorption curve is typical of the 
material, and is in fact an accurate means of 
identifying it. The power of the absorption 
depends on the concentration of absorbing 
material and the thickness of the layer; as these 
increase, the colour deepens, becoming more 
saturated. 

In photography, the density of the negative — 
i.e., transparency of the developed silver 
deposit — is expressed in terms of the logarithm 
of the transparency : 

Density = — log transparency = log 1/ 
transparency where transparency lies between 
0 and 1 0. R.B.M. 

See also: Contrast; Projection principles,' Transparency 
materials; Transparency viewing and projection. 

TRANSPARENCY MATERIALS. The sensi- 
tive emulsions used for transparency materials 
closely resemble those used for printing papers 
but they are coated on glass or film instead of 
paper. 

There are three principal kinds of trans- 
parency materials: 

(1) Lantern plates, which are positive emul- 
sions on glass and used to make lantern slides. 

(2) Transparency film, which is a positive 
emulsion coated on a film base. (The positives 
must be bound between glass to make slides.) 

(3) Positive cine film, which is perforated 
35 mm. film used for making film strips. 

Lantern Plates. There are three main types of 
lantern plate: chloride, bromide, and chloro- 
bromide. 

Chloride lantern plates art used for making 
ordinary contact prints from negatives. 
Chloride lantern plates are coated with the 
same type of emulsion as contact paper. They 
give black to blue-black images on normal 
development for |-1 minute in a metol-hydro- 
quinone developer at 65-68° F. (18-20° C.). 
Like contact paper, they can be handled in 
subdued artificial light or by a yellow safe- 
light. 

Bromide lantern plates correspond to bro- 
mide development and are used for projection 
printing in the enlarger. Their sensitivity is 
much higher than that of chloride contact 
plates, and they must be handled by an orange 
safelight. They give black tones on normal 
development for 2-2J minutes at 65-68° F. 
( 1 8-20° C.) in metol-hydroquinone. 

Chlorobromide lantern plates correspond to 
chlorobromide development papers. They 
give warm black to reddish brown image tones 
on prolonged development in dilute and heavily 
restrained warm-tone developers. They must 
be handled by a suitable orange safelight. 
Transparency Films. Sheet film base, coated on 
one or both sides with a contact or bromide 
paper emulsion, is manufactured for making 
positive transparencies instead of prints. Such 
films have sensitivity and development 
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characteristics equivalent to those of ordinary 
bromide or contact paper. 

These transparency films are useful, not only 
for projection, but also in large sizes for direct 
viewing in suitable illuminated viewing cabinets. 

Ordinary non-colour-sensitive negative flat 
or sheet films may also be used for making 
positive film transparencies from negatives by 
either contact or projection. 

Positive Cine Film. Film strips are made by 
contact printing or enlarging the negative on 
to positive cine film. Positive cine film used for 
this is a fairly slow non-colour-sensitive silver 
bromide emulsion coated on perforated 35 mm. 
film stock. 

In its sensitivity and other characteristics 
35 mm. positive film is similar to bromide 
paper. 

Colour Films. Many colour materials yield 
transparencies by direct reversal processing. 
Certain makes of colour film are also available 
in the form of positive film for making colour 
transparencies from colour negatives. 

Contrast Grades. Most lantern plates and some 
positive films are made in several contrast 
grades to provide for negatives of varying con- 
trast. The range is, however, much more 
limited than with printing papers, because the 
contrast of a transparency can be controlled 
during development in a way that is not possible 
with printing papers. Where there is only one 
grade manufactured it is usually contrasty. 
Physical Characteristics. The surface of a trans- 
parency is always perfectly smooth and flat. 
Transparency materials are hardly ever made 
with a base tint. The finished transparency 
can, however, be tinted afterwards. 


The thickness of the glass used for lantern 
plates depends on their size. Miniature (2x2 
ins.) lantem plates are usually 0-03 ins. 
(0-75 mm.) thick and standard (3J x 3f ins.) 
plates about 0-043 ins. (1-1 mm.). Stereo 
lantem plates are available in both thick- 
nesses. 

Transparency or positive cine film is coated 
either on nitrate base 0-003 in. (0-08 mm.) 
thick, or on acetate safety base 0-005 in. 
(0-12 mm.) thick. 

Manipulation. Lantem slides and film strip 
material need greater care in handling and 
processing than paper prints, as the emulsion 
is more easily damaged, especially when it is 
wet. In particular, the temperature of all solu- 
tions must be the same or the emulsion may 
frill and leave the support in places (mostly 
with plates) or it may reticulate. L.A.M. 

See also: Cine films (substandard); Colour materials; 
Film strips; Lantern slides ; Papers; Reversal materials; 
Sizes and packings; Supports for emulsions; Transparency. 

Books: Colour Book of Photography, by L. Lorelle 
(London); Colour Transparencies , by C. L. Thomson 
(London); Making Lantern Slides and Filmstrips, by 
C D. Milner (London). 

TRANSPARENCY VIEWERS. Various types 
of viewer are sold for looking at small trans- 
parencies without using a projector. There is 
usually some form of frame for holding the 
film and a simple optical magnifier through 
which the observer sees an enlarged image of 
the transparency. 

Some viewers are intended to be held up to 
the light, others have their own electric light 
source mounted behind the transparency and 
supplied from a battery or the mains. 


TRANSPARENCY VIEWING AND PROJECTION 


A positive transparency can be the most 
satisfying form of photographic reproduction 
because it can present a greater range of tones 
than any print made on an opaque base. The 
maximum contrast range of a glossy black-and- 
white print is limited by the ratio of the 
brilliance of the whitest parts of the paper to 
the blackest deposit of silver in the shadow 
areas of the image. This ratio is never greater 
than about 30:1. But the contrast of a 
correctly processed transparency may range 
from areas of completely opaque silver to 
completely clear emulsion. 

The true beauty of the transparency can only 
be achieved if it is viewed under the right 
conditions. 

The Transparency. First of all, the correct 
density for a transparency depends upon the 
type of viewer to be used. Some viewers cal) 
for a relatively thin positive, others may need 
greater density. In general it is better for an 
image to err on the side of weakness than for 
it to be very dense. The power of the light 


source can be reducad to deal with a thin image 
where a very dense positive simply cannot be 
seen at all. 

Transparencies are usually looked at in a 
magnifying viewer which inevitably magnifies 
any defects present. So it is more important 
than usual to avoid, or conceal, any blemishes, 
however small. Pinholes and dust are par- 
ticularly noticeable faults. 

In the same way irrelevant detail, which may 
not be noticed on a small print, is apt to attract 
undue attention in a transparency, and has to 
be toned down or, better still, avoided. 

A transparency has no mount to help it out; 
as a rule there is just a large black area round 
the picture. This is not pictorially suitable 
for all subjects, but there is no alternative. 
In a positive transparency made by contact or 
reversal, masking takes the place of trimming, 
so if the original includes too much of the 
subject, the unwanted portions are cut out by 
the mask, even though this means a smaller 
picture. 


1202 



Transparencies are not considered as ready 
for viewing until they are properly mounted, 
titled and spotted (i.e., have a white spot 
placed on the mount to show proper orienta- 
tion). The standard system of spotting is a 
single spot in the left-hand lower comer, when 
the transparency is viewed upright and the 
right way round. Transparencies for projection 
are always mounted between sheets of glass of 
standard thickness to avoid variations in 
focusing. 

Conditions for Viewing. The only light allowed 
to reach the viewer of a transparency should be 
the light used for illuminating the image. All 
other light either distracts the eye or degrades 
the picture. 

The power and colour of the illuminant is 
chosen to suit the transparency. A viewer 
designed for mixed types of transparency, 
which vary greatly in density from one to 
another, should incorporate a control for in- 
creasing or decreasing the brilliance of the light 
source. 

With any method of viewing there is a limit 
to the number of people who can see a picture 
of good size and quality; the method adopted 
is decided by the size and distribution of the 
audience. In general, if the width of the 
picture is about a quarter of the distance from 
the spectator the result will be satisfactory, 
although much smaller images are often used 
with success. 

Transparencies are viewed directly to the best 
advantage when they are mounted in the centre 
of a large black mask — far larger than the size 
usually supplied for the purpose. A diffusing 
screen between the light and the transparency 
and a few inches away from it greatly improves 
the character of the illumination. 

Most viewers show an enlarged image of the 
transparency, magnification being obtained 
in one of these ways: by an illuminated viewer 
fitted with a lens, by projection in a self-con- 
tained viewing cabinet, and by normal pro- 
jection. 

Magnifying Viewers. It is well known that 
when a photograph is looked at through a 
magnifying glass it takes on a false but not 
unpleasing stereoscopic appearance in addition 
to increasing in apparent size. This effect is 
made use of in a number of viewers designed 
for small transparencies. 

Usually the viewer incorporates a lens, 
biconvex or planoconvex (such as are used in 
condensers), with a diameter about 1 i— 2 times 
the diagonal of the transparency. The best 
viewing distance must be found by trial; it 
varies with the type of viewer and can be 
regarded as the maximum distance that can be 
used before the image is marred by distortion 
or colour fringes. The efficiency of the viewer 
is greatly increased if the interior surfaces are 
treated with non-reflecting paint, and there is a 
short tube, or hood, in front of the lens. 
Viewers of this sort are intended to be looked 
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at with both eyes so as to create the desired 
stereoscopic impression. 

There are viewers in which the eye is placed 
close to the lens and only one eye is used, the 
other being covered. Such viewers are com- 
monly used for reading microfilms. In this 
case there is no effect of stereoscopy, nor is it 
desirable. 

Back Projection Units. Back projection units 
may incorporate their own optical systems or 
they can employ a standard projector. One or 
more mirrors project the image on to a screen 
of frosted glass, plastic or other translucent 
material, which may be tinted to minimize 
frontal reflections, and correct the colour of the 
illuminant. Systems using separate projectors 
need very careful alignment: apparatus which 
allows stray light from the lamphouse or per- 
mits much light other than that from the pro- 
jector to reach the screen is apt to be unsatis- 
factory. 

Viewing by Projection. The usual sizes of 
transparency for projection are : 

(1) 3J x 3J ins. for glass lantern slides, or 
film transparencies mounted in cover glasses. 

(2) 2 x 2 ins. for glass lantern slides or film 
transparencies mounted in cover glasses. 

(3) 2 x 2 ins. for 35 mm. film transparencies 
mounted in cardboard mounts. 

( 4 ) 2J x 21 ins. for 21 x 21 ins. trans- 
parencies mounted between cover glasses. 

(5) 35 mm. film strip for positives of the 
miniature camera size, 24 x 36 mm., or the 
cinema size, 18 X 24 mm. The larger size is 
usually employed by photographers, and the 
cine size is generally preferred for educational 
filmstrips. 

The projection room and the screen are as 
important as the projector if the transparencies 
are to be seen at their best by everyone present. 
Apart from the obvious requirement that the 
room should be big enough to seat everyone in 
reasonable comfort, it must be as dark as 
possible and well ventilated. 

The Blackout. It is possible to show pictures 
in a normally-lighted room by using a very 
powerful projector and a screen of high 
reflecting qualities, but the results are incom- 
parably better if the room is really dark. 
This can easily be demonstrated by projecting 
a colour slide in a room with some windows 
open to the light. As the curtains are drawn, 
the picture grows steadily brighter and of better 
quality, but there is an almost magical change 
as the last rays of extraneous light disappear. 

It is not always possible to blackout the 
projection room completely, but there must be 
no source of outside light in the line of view 
of any of the spectators, and no rays of direct 
light falling upon the screen. Even the mere 
diffusion of the light by thin curtains can make 
a good deal of difference so long as the windows 
are completely covered. At the same time, it 
is generally cheaper to provide an efficient 
blackout than to purchase and run the high- 
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powered projector needed for daylight pro- 
jection. 

Ventilation. Unless the show is going to be a 
very brief one, some extra means of ventilation 
is necessary to compensate for the closing of all 
doors and windows. The combined effect of 
the heat from the spectators’ bodies and the 
projection lamp can spoil the show as decisively 
as poor quality screen pictures. Some form of 
forced draught, say by one or more extractor 
fans, is essential in any room used for projec- 
tion. 

The Screen. The kind of screen employed has 
a marked effect on the quality of the picture 
and on the viewing conditions. A matt white 
surface reflects the light from the projector 
over a wide angle, so that even people at the 
side of the room get a fairly bright view. 
This kind of screen surface is the only choice 
where some of the spectators must watch from 
the side. Beaded and metallized screens give 
a more brilliant picture, but have a limited 
viewing angle. 

If the projection room is long enough or if 
there is another room beyond it, a translucent 
screen can be used to advantage. The image 
may be directed upon it straight from a 
projector fitted with a short focus lens, or 
indirectly by means of mirrors. One mirror 
corrects the image laterally, and allows the 
transparencies to be loaded as for straight 
projection, instead of having to be reversed. 
The space behind a translucent screen must be 
as dark as possible, or the image will be faint. 

The angle of view of a translucent screen is 
narrower than that of a matt white and is 
almost the same as that of the silver and 
beaded types. 

With all opaque screens, most of the light is 
reflected back towards the projectors. If the 
projector is set at an angle, the light tends to 
follow the laws of reflection from a polished 
surface, and the angle at which it leaves the 
screen is principally the same as the angle at 
which it meets it. 

The brilliance of the image falls off at each 
side of the optical axis by an amount that 
depends upon the type of screen used. Before 
any particular screen is chosen it should always 
be tried out under actual working conditions. 
Seating Arrangements. The seating must be 
arranged so that the screen can be seen by 
everybody clearly and without s(rain. The shape 
of the room and position of projector and 
screen do not always lend themselves to a 
good seating plan, but where possible the 
following recommendations should be fol- 
lowed: 

(1) The front row should be one screen 
width or more from the screen — never less. 
This is the shortest distance from which the 
eye can take in the whole screen at once. 

(2) The back row should be eight screen 
widths or less from the screen — never more. 
This is the greatest distance from which the 


normal eye can distinguish detail without 
strain. 

(3) The plan of the seating should be as 
narrow as possible to keep the angle of view to 
a minimum as all screens tend more or less to 
reflect the brightest picture straight back to- 
wards the projector. This requirement is even 
more necessary with the various types of beaded 
screen. Where a wide arrangement is unavoid- 
able, it helps to curve the rows towards the 
screen at each end, so that people sitting out at 
the edge can look straight at the screen. 

(4) The seats should be staggered so that 
any member of the audience looks between the 
heads of the people in the row immediately in 
front. In a long hall or projection room the 
rear rows should be raised if possible. Raising 
the screen improves the view of the people at 
the back, but those in front have to strain up at 
an uncomfortable angle. 

Projection Procedure. Transparencies are 
usually projected with portable equipment in a 
room temporarily adapted for the purpose. 
Under these circumstances the set-up should 
be checked beforehand. 

Make-shift electrical connexions should 
never be tolerated, and the supply should be 
taken from a power socket, not a lamp holder. 
Flexible leads should be run overhead from the 
wall to the projector to keep them safely out 
of the way. A spare lamp and fuses of the 
correct rating for the projector should always 
be kept handy. 

The projector should be accurately focused 
in advance by using a focusing slide. Provided 
that all the slides are (as they ought to be) of 
the same thickness, it should not be necessary 
to touch the adjustment again. Film strips 
often start with a focusing frame, but if they 
do not, there is usually a title that can be 
used for the purpose. 

It is always worth while to select or process 
transparencies to be shown in a series so that 
there are no great differences in brilliance 
between one picture and the next. This is 
because the human eye takes some time to 
accommodate itself to a change in brilliance. 
So a dense slide following a thin one appears 
denser than it really is, while a thin one shown 
after a dark one causes an unpleasant glare. 

The first transparencies of the session should 
be fairly bright because the eyes of the audience 
will not had have time to become accustomed 
to the dim light. 

At one time it was not advisable to mix 
coloured and black-and-white slides because 
the colour slides were made by the additive 
process and were much denser than the 
ordinary black-and-white positives. This ob- 
jection has been removed by the relatively 
bright colour transparencies produced by 
modern subtractive processes. At the same 
time, black-and-white slides are at a disadvan- 
tage when shown with colour transparencies. 
They can, however, be improved in this respect 
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by either hand-tinting, toning, staining, or 
binding them up with a coloured filter. 

The changing of the transparencies should 
be done unobtrusively, and silently, and the 
signal given to the projectionist should be 
neither seen nor heard by the audience. 

Travelling lecturers should preferably take 
their own projectors with them, together with 
the resistances or transformers necessary to 
suit varying voltages, and a comprehensive 
range of plugs and lengths of flexible cable. If 
possible, a voltage stabilizer should be included 
so as to be sure of a steady supply of the correct 
voltage irrespective of mains fluctuations. 
Colour Transparencies. Transparencies in 
colour have always been popular, even when 
hand tinted, and today factory-processed colour 
films have made it far easier to produce a good 
colour transparency than to make even a 
reasonably good black-and-white print. 

The best transparencies, produced by sub- 
tractive processes in which only dyes remain 
to form the images, are able to pass almost as 
much light as a black-and-white slide. Additive 
systems, in which both a silver image and a 
reseau or pattern are present, need four to six 
times as much light for comfortable viewing. 
A good colour transparency will stand as much 
or more magnification than a monochrome, 
but some colour systems suffer from poor 
definition or an unduly assertive reseau which 
limits the degree of enlargement. 

Colour of Ill umina tion- The colour of the 
viewing or projecting light is of the first 
importance in projecting colour transparencies. 
A projection light of the wrong colour can 
completely upset the colour values of the 
transparency. With some types of trans- 
parency, the manufacturers specify a certain 
kind of projection light. But this light is only 
exactly right when it is used with perfect 
transparencies. 

Where the colour balance of the transparency 
is defective, it can often be improved by the 
addition of a tinted filter. In some cases it is 
better to stain the emulsion, or a filter can be 
bound up with the transparency. In the same 
way, a filter can be inserted under a trans- 
parency in a viewer to improve its colour 
balance. 

The colour of the filter required must be 
found by experiment; it is usually very pale in 
colour. Light blue is the most common, 
particularly in viewers. Suitable filters can be 
made from lantem plates, fixed out, bleached 
if necessary, and stained with dyes. Gelatin 
or plastic sheet can be dyed and used as a 
filter, and the palest colours of theatre gelatins 
are often satisfactory. 

In showing colour transparencies, not only 
should the brightness of succeeding slides be 
approximately the same, but their colour values 
should also be similar. The more subdued 
tints and pastel shades should not follow on 
very bright colours. (When the eyes look at 


one colour for a time, and it is then removed, 
they are left with an impression of the comple- 
mentary colour. This impression tends to 
superimpose itself on succeeding colours and 
alter their values.) 

It must be bome in mind that the process of 
seeing colours is a subjective phenomenon. 
All that can be done is to aim at producing an 
effect which will please most of the spectators. 
It is impossible to overcome all individual 
differences in colour perception and preference. 

Second-rate apparatus and poor viewing 
conditions will often pass for monochrome 
work but prove quite inadequate for colour 
viewing and projection. In particular, colour 
transparencies can only be seen at their best 
in complete darkness. 

Stereo Transparencies. Stereo transparencies 
are made in various sizes of which the com- 
monest are: 

(1) 18 x 24 mm., made with mirror or 
twin-lens attachments on normal 35 mm. 
cameras. 

(2) 12 x 13 mm., 22 x 24mm., 24 x 24mm. 
and 24 x 30 mm.; all made on standard 35 mm. 
film in stereo cameras. 

(3) 4-5 x 10-7 mm., 6 x 13 cm., etc.; made 
on larger films and plates in large stereo cameras. 

The transparencies may either be viewed in a 
stereo viewer, or projected by a suitable pro- 
jection system. 

For viewing, the stereoscope of Victorian 
days has its modem counterpart in the low- 
priced folding viewer, but it has been super- 
seded by the box-type, which often contains its 
own illuminant. No viewer can be really satis- 
fying unless the lenses can be focused, and the 
inter-lens spacing varied to suit the user and 
the transparency. 

Since it is not practical to project the two 
images side by side, chiefly owing to the limi- 
tations of human vision, they must be super- 
imposed by projection in twin-lens projectors. 
The necessary separation of the right-eye and 
left-eye images can be accomplished in two 
ways. 

(1) The anaglyph. A pair of complementary 
colours are used, usually a red and a green, 
one for each image; the images may be toned 
or the appropriate filters placed in front of 
the projection lenses. Spectacles of corres- 
ponding colours are used so that each eye sees 
only its appropriate image. The effect is, of 
course, monochromatic. 

(2) Polarization. The advent of cheap 
polarizing material has made it possible to 
separate the images by polarizing the two beams 
at an angle of 90° to each other. This is accom- 
plished by placing polarizing filters in front of 
the projection lenses. Spectacles of polarizing 
material are used for viewing, and the stereo- 
scopic images may be in full colour as well as 
in monochrome. This method is the only 
practicable true three-dimensional system pro- 
duced, or, indeed, likely to be evolved. 
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Stereo pairs made with mirror attachments 
on single lens 35 mm. cameras may also be 
shown on a standard projector fitted with a 
device on the lens to polarize the two halves of 
the beam and accessory equipment to superim- 
pose the images. The more efficient method is to 
project the transparency pairs by means of twin 
optical systems. Illumination may be from a 
single lamp, but on account of the light loss in 
polarizing systems, twin lamps of the highest 
power are often needed. The polarizer may be 
adjacent to the transparency or attached to the 
lens. 

The surface of the screen must be of metallic 
material (e.g. aluminized or aluminium sprayed) 
which does not depolarize the light. 

The taking and mounting of the transparency 
must be done with the utmost precision to 
avoid adjustment of the projector, and incon- 
venience to the spectators. 

A position as nearly frontal as possible 
should be occupied by the viewers, who should 


not sit nearer to the screen than, say, three times 
the width of the projected image. 

Small back projection viewers for table use 
have been evolved. Superimposed polarized 
images are shown in the usual way, and, of 
course, polarizing spectacles are required. 
Stereoscopic Aerial Photographs. It is common 
practice to take aerial survey and reconnais- 
sance photographs automatically on roll film, 
the interval between exposures being calcu- 
lated to make each picture overlap its neigh- 
bour by about 60 per cent. These adjacent 
frames can be used stereoscopically either by 
viewing prints or by making superimposed 
transparencies on polarizing material. These are 
then projected and viewed with polarizing 
spectacles. M.K.K. 

See also: Back projection; Cinematography; Lantern 
lectures; Projection principles; Projection (still); Screens 
for projection; Three dimensional projection (3D); Trans- 
parency; Viewers. 

Book: Filmstrip and Slide Projection, by M. K. Kidd 
and C. W. Long (London). 


TRANSPOSING FRAME. Frame for printing 
stereoscopic negative pairs. If the negatives 
made in a twin-lens stereo camera are printed 
normally and the prints are looked at in a 
viewer each eye sees the picture that ought to 
be seen by the other, i.e., the effect is a pseudo- 
scopic one, with the space relationships appar- 
ently inverted. 

This is because the negative images are both 
reversed and laterally transposed in the camera. 
The image reversal is restored by the normal 
printing process, but the lateral transposition 
remains. For this reason, the printing frame is 
made so that the negative can be moved to 
print the right hand image on the left hand 
print and vice versa. 

Sec also: Stereoscopic photography. 


TRAUBE, ARTHUR, 1878-1948. German 
photographic chemist, assistant to Professor 
Miethe, Berlin. Later with the A. J. Powers 
Dry Plate Factory in Vienna and the Powers 
Photo Engraving Company in Glen Cove, 
N.Y. Worked with Miethe on colour photo- 
graphy and found in 1902 that ethyl red, the 
first of the isocyanine series of sensitizing dye- 
stuffs, was an orange-red sensitizer (used in 
1904 for the panchromatic Perutz Perchromo 
plate). Also worked on mordanting dye images 
(Diachromie, patented 1906), invented in 1916 
the Uvachromie three-colour additive projec- 
tion process, and in 1925 the Uvatypie colour 
paper print process. Also developed in 1905 
(with A. Tellkampf) the Fotoldruck, a blue- 
print hectograph process. 


TRAVEL PHOTOGRAPHY 


Any kind of pleasure or holiday trip, whether 
at home or abroad, presents excellent oppor- 
tunities for photography. 

The sort of holiday, the method of travel, 
and the photographer’s interests all affect the 
photographic results; and some advance 
planning is always advisable whether the 
destination is the nearest seaside resort or the 
next continent. 

Equipment. Amateur photographers, at least, 
are apt to carry large quantities of equipment 
which they never find time or the need to use. 

Basically, only a camera and film are neces- 
sary for taking photographs. Since, however, 
the object will be to produce the best possible 
photographs, it is as well to include an exposure 
meter, a lens hood, and an ever-ready camera 
case. A lens cap adds nothing to weight or 
bulk and keeps the lens cleaner even inside 


the ever-ready case which, if velvet-lined, 
seems to attract dust, sand, fluff and other un- 
wanted foreign matter. 

For hikers, cyclists, campers, climbers, and 
all who have to keep baggage to a minimum — 
this list represents the photographic minimum. 

For motorists, coach tourists, hotel and 
guest-house residents, more equipment may 
be comfortably included but even they need 
not go beyond a couple of filters and a light- 
weight tripod. The latter is better than a 
camera-clamp because there is not always a 
clampable feature situated where the camera 
is to be placed. It is better to be occasionally 
inconvenienced by an accessory that is usable 
when needed, than have one that is easy to 
carry but may tum out to be useless. A light 
yellow and a deep yellow or green filter should 
be more than enough 
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What camera to take is no problem. The 
camera to be taken on any holiday trip is the 
one that is completely familiar. The make, type 
and size matter little in comparison with 
ease and certainty of operation. Every traveller 
should carry his own favourite instrument, 
whatever the size — so long as he can be sure 
that negative material will be readily obtainable 
for it. 

Holidays and journeys are no occasions for 
trying out a new camera. Nor is it wise to use 
a borrowed camera; unless it is one that has 
been borrowed so often before that all its 
idiosyncrasies are known. 

Much the same applies to accessories. 
Nothing new or untried should be taken. An 
incorrect lens hood can cut comers off irre- 
placeable negatives; unfamiliar filters can 
produce unexpected effects which are either 
exaggerated or inadequate. 

Most people will want to take only one 
camera, and that for black-and-white photo- 
graphy, but the wide range of excellent and 
easy-to-use colour material now available 
encourages many holiday-photographers to 
take colour photographs as well as mono- 
chrome. Whilst the majority of people have 
only one camera and use the two types of 
material turn and turn about, others carry two 
cameras, one for colour and the other for black- 
and-white pictures, which is the ideal method. 
Accessories and film for both instruments add 
to the baggage but the gain in scope is well 
worth it. 

On a holiday in Britain it is rarely necessary 
to carry films for the entire trip, as few places 
are so remote and off-the-track to be ever 
out of stock of the popular makes, at least. 
For a foreign trip, however, the only way to be 
really sure is to take a stock of negative material. 
Films are undoubtedly as plentiful in con- 
tinental shops to-day as they are in British 
shops but it is usually unfamiliar makes that 
are most freely obtainable, and these are the 
ones to be avoided. Developing unknown 
makes of film which are not named in any time- 
and-temperature tables is an undesirable end 
to a holiday. 

There is a further objection to buying films 
away from home. Some manufacturers have 
factories in different parts of the world, each 
manufacturing the materials under the same 
brand name. While in theory these materials 
may have identical characteristics, in practice 
they may vary widely. The photographer who 
buys his favourite brand of film in a foreign 
country may find that it is anything but the 
same when he comes to use it. 

Customs. Foreign holidays involve Customs 
formalities; and photographic equipment and 
materials are generally of special interest to 
Customs authorities everywhere. Unfortunately 
for the holidaying photographer no two 
countries appear to see eye to eye on what is 
and what is not permissible, and Customs 


departments never provide detailed statements 
of their policy to help the wandering camera- 
man. 

Very broadly speaking, no trouble need be 
expected if equipment has been honestly come 
by and if holiday intentions are equally honest. 
The British Customs are concerned only to see 
that nothing is illegally exported and that all 
necessary dues are paid on incoming goods, if 
they have not already been paid. Many holiday- 
makers pass unquestioned through the British 
Customs on leaving the country and on re- 
entry; others may be examined once; and some 
twice. The safest and easiest thing is to carry the 
receipted dealer’s in voice as proof of purchase of 
each camera carried, and to include with this 
any Customs slips available. 

Most countries have rules about the number 
of cameras allowed per individual; and many 
countries restrict the quantity of unexposed 
films. Two cameras, sometimes three, may be 
taken into and brought out of the majority of 
European countries. The rules about unexposed 
films are not rigidly enforced and it is possible 
to carry a good supply even though the regula- 
tions may permit only two or three. 

Customs rules and regulations vary from 
one country to another so it is useful to know 
that European countries often have consu- 
lates in the larger cities in Britain where 
guidance on the subject can be had from the 
consular staff of the country to be visited. 
Travel agents can sometimes supply reliable 
information, and can in any case provide the 
addresses of the English offices of all national 
tourist bureaux operated by foreign countries 
for the convenience of tourists. 

It is always wise to find out in advance the 
regulations of the country to be visited because 
the British Customs authorities are only con- 
cerned with what may be taken out from 
Britain and not with what happens at the other 
side. 

Technique. Holidays in Britain entail little or 
no alterations in technique. On the other hand, 
continental holidays in summer-time fre- 
quently present the British photographer with 
conditions that he never encounters at home. 
Intense sunshine, clear atmosphere, white 
and light-coloured buildings, all present a 
brilliant picture to the eye. But in the dazzling 
scene, in spite of the high reading of the expo- 
sure meter, are sure to be found some very dark 
shadows. Such high-contrast subject-matter 
calls for care both in exposure and development. 

Since meter-readings often appear extrava- 
gantly high, by English standards, there is a 
strong temptation to use slow-speed films, 
yet these have more inherent contrast than the 
faster emulsions. The latter, being softer, are 
more suitable for the conditions, and when 
handled correctly can be expected to give a 
more workable negative. 

It is helpful to develop a film early in the 
holiday so that the result can be used as a guide 


1207 



TRA 


to later work. If this plan is to be a success the 
test film must be processed with the same 
developer and under the same conditions 
normally used at home. This means that 
developing materials and equipment — chemi- 
cals, tank and thermometer — must be carried, 
thus increasing the amount of luggage. And 
unless a changing-bag is also taken the tank 
must be loaded under the bedclothes or in the 
hotel wardrobe or in some such uncertain 
manner. If really serious work is intended it is 
certainly wise to pack a changing bag. Some 
first-class hotels on the Continent do actually 
have darkroom facilities. 

Another scheme is to have an early film 
trade processed, but unless the developing data 
can be ascertained this course only indicates 
in a general way how the exposures are faring. 
If possible, the photographer should try to 
find a dealer who operates an individual pro- 
cessing service. 

Subjects. A holiday trip, especially one abroad, 
is a source of considerable joy and every chance 
of recording it for re-enjoying afterwards 
should be taken without hesitation. Places are 
being seen which will probably never be visited 
again. Any picture— even if it may not be a 
salon print — is better than none. 

It is as well to remember however that in all 
countries, including Great Britain, there are 
certain subjects that may not be photographed 
without permission — e.g., inside many 
museums, public and private buildings, and 
churches. Some authorities forbid photography ; 
others allow it by special permission only; still 
others permit it on payment of a fee, usually 
small, which goes towards upkeep. 

The places for photography are limitless: 
landscapes, seascapes, street scenes, zoo pic- 
tures, beach scenes, all these and countless 
others by day and by night will offer themselves 
to the travelling camera enthusiast. 

Foreign holidays especially offer vast scope 
for human-interest photographs. Strange people 
in exotic settings are irresistible to all photo- 
graphers, from the casual snapshotter to the 
ardent exhibition worker. 

There are many ways of taking characteristic 
photographs of people abroad. If a good candid 
picture cannot be obtained unobtrusively the 
subject will often agree to pose; this assumes 
that the photographer has enough knowledge 
of the language to explain what he is about and 
to arrange an appropriate pose which gives the 
subject something to do and prevents self- 
consciousness and embarrassment. Unposed 
shots are very much easier to take with the 
co-operation of a friend or two, to act as a 
shield. (In taking quick shots of this type the 
background should be watched carefully be- 
cause such pictures are often ruined by un- 
sightly objects beyond the subject but in the 
fi eld of vie w of the lens.) 

People are waiting to be photographed 
everywhere : in streets and caf£s, on river banks 


and quay sides, at markets and shopping- 
centres, in parks and gardens, at bus stops and 
railway stations. But many of them are photo- 
graphically uninteresting. It is a waste of time 
to search for the interesting types; the best 
plan is to be alert and ready to shoot quickly 
when the right characters appear — as they 
generally do when they are least expected. The 
very young and the very old make especially 
good unposed studies. 

Pictures en Route. Rewarding photographs 
can be taken en route to and from the destina- 
tion, as well as on excursions made during the 
holiday. 

It is possible to get good pictures from almost 
every form of transport — except from aircraft 
of some international airlines. Normally 
airlines do not object and air-to-ground shots 
are fairly straightforward providing the camera 
is held just away from the window surface and 
a fast shutter speed (say 1/250 second) is given. 

Pictures from fast-moving trains are best 
taken through an open window whilst standing 
in the corridor away from the wheels — i.e., 
midway between the bogies. A shutter speed 
of 1/250 or 1/500 second is sufficient to ensure 
a sharp negative when shooting diagonally at 
an approaching or receding scene. Only the 
feet should be in contact with the train; the 
body should be held away from the window- 
frame and allowed to sway with the motion, 
arms in to the side and camera at eye-level. 
Pictures taken from moving trains cannot be 
composed. They are not seen until a split 
second before exposure, and a split second 
later they are gone for ever. The only satis- 
factory method is to look ahead for likely 
villages, churches, tree groupings, waterfalls, 
which will form a centre of interest and to have 
the camera ready to shoot in an instant. The 
photographer must simply hope that telegraph 
poles, embankments, walls, trees, signal boxes, 
and other obstructions will not spring up to 
spoil the view just as the shutter is being 
released. 

Shooting from a stationary train is simple 
and scenes taken in foreign stations can be 
extremely interesting and sometimes even 
picturesque. Railway stations abroad are 
usually bright and airy places, often decorated 
with flowers ; and teeming with character studies 
ready to be taken easily from the unseen van- 
tage point of the train window. 

Taking pictures on board ship, even during 
a none too smooth crossing, is again a question 
of using a fairly fast shutter speed and letting 
the body go with the ship’s movement. Ship- 
board scenes, during embarkation and dis- 
embarkation particularly, are a satisfying — 
and essential — part of any overseas holiday 
record. 

Coaches and motor buses have the draw- 
backs of more pronounced vibration and less 
room to manoeuvre, but open windows and 
sliding roofs help; and at stopping places the 
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raised viewpoint is of much use in picturing 
village scenes, wayside inns and bystanders. 

Perfect negatives are easy to take during 
rides on the funicular railways which take 
tourists up mountains. From this type of 
transport, cameras without fast shutters are 
just as capable of producing good results, as 
the cars operate in a very steady and slow 
manner. 

Stowing the Camera. If the photographer is a 
passenger — e.g., by boat, train or motor car — 
and there are likely to be pictures about on the 
journey, he can carry his camera at the ready 
in the normal way. But the driver of a car or 
motor-cycle and the cyclist will have to stow 
the instrument somewhere on the vehicle. 

In a car, the ideal place for the camera is in a 
hold-all case on the back seat. The worst place 
is in the cubby hole at the side of the dash- 
board where it gets all the vibration and heat 
from the engine, and is always in danger of 
being pulled out on to the floor when someone 
is hunting for a map or a packet of cigarettes. 
Some cars have a net for small packages 
stretched across under the roof. This is an 
excellent place for a small camera. 

Cyclists and motor-cyclists are best advised 
to carry their cameras slung over one shoulder 
under the jacket or overcoat. There is no place 
on the machine where it will be as well pro- 
tected from rain and vibration. The cyclist 
can always strap a light tripod along the cross- 
bar of the machine but the motor-cyclist will 
have to sling it across his back or invest in one 
of the small pocket-size folding types. 

When the camera is packed in a suitcase, 
the best place is in the centre or near the handle. 
It should be packed last, and on top of soft 
clothing. Finally it should be covered with a 
book or map to protect it from damage through 
the case. 

Precautions. Costly equipment can be safe- 
guarded by insurance for a comparatively 
small sum, and the surprising thing is that more 
photographers do not take out a policy. At 


holiday-time the camera is in use or being 
carried about for many hours every day, and 
the risk of loss or damage is obviously greater. 
The risk can be minimized by a number of 
commonsense precautions. If cameras have to 
be packed away they should be placed in a 
well-protected position in the sui'case or ruck- 
sack, where they are still reasonably accessible. 
On the other hand, if the camera will be carried 
constantly it will be safer if the strap is kept 
fairly short so that the camera cannot swing 
f ar away from the body. 

A foolproof way of carrying the camera 
is to sling it over one shoulder before putting 
on the jacket. Once the jacket is on, it is 
physically impossible for the strap to slip off 
the shoulder, or for the camera to swing about. 
At the same time the arrangement offers no 
hindrance to quick and efficient operation as the 
case is easily pulled up and forward to the 
taking position. This idea also makes it im- 
possible for the camera to be left behind any- 
where or for it to be left unattended. 

When all is said and done most of the in- 
formation about travel photography boils down 
to applying common sense, standard routine 
with slight adaptation, and good manners. 

There are certain countries abroad where a 
stranger carrying a camera is regarded with 
suspicion, and others where a foreigner is not 
allowed to take photographs without a special 
permit. In such places it is foolhardy to attempt 
to take pictures by stealth — the photographer 
who is caught at it runs the risk of losing his 
equipment permanently and his freedom at least 
for a time. To a camera journalist after a 
scoop, the risk might be justified; for the 
ordinary tourist it can never be worth while. 
The same thing applies to attempts to photo- 
graph people — or personalities — who are 
known to be hostile to photographers. Here the 
photographer runs the two-fold risk of damage 
to his equipment and his person. A.H. 

See also : Customs; Insurance; Permits to photograph. 

Book: All About Travelling, by E. Richardson (London) 


TREES. Trees offer unlimited scope to the 
pictorialist, not only as part of a landscape but 
as studies in themselves. To be successful, tree 
photography calls for the ability to make a 
suitable choice of type or species of tree, 
lighting, setting, and treatment. 

Apart from their intrinsic beauty trees are 
useful in landscape composition. The fore- 
ground use of branches (with or without the 
trunk) will often mask a bald sky, and will also 
assist in preserving the impression of space by 
throwing back a distant hill outline, a valley 
seen from a ridge, or other open landscape. 

A single tree, or group of trees, stunted or 
weird in shape, will often convey the character 
or mood of a particular place, as, for example, 
along the Atlantic coast of Britain, where the 


south-west wind bends the trees inland at an 
acute angle, causing the branches all to grow 
in the one direction. 

Type of Tree. Because the composition relies 
chiefly on balancing masses, the shape of the 
tree and the distribution of its branches are 
important. Spreading trees like cedar, oak and 
chestnut lend themselves to horizontal picture 
shapes, whilst tall elms, poplars, etc, need the 
upright format. 

The base of the tree is always included in the 
picture, otherwise the result looks unnatural 
and top-heavy. Any branches that project 
towards the camera must be in focus as well as 
the main trunk, so the taking distance and 
aperture must be chosen to provide the neces- 
sary extra depth of field. Ugly limbs and 
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foliage-shapes are avoided as far as possible 
by experimenting with different viewpoints. 
Lighting. Frontal or flat lighting is rarely used 
because a tree is a round object and must have 
modelling. This point is not as serious in mist 
or fog, where the separation of the picture 
into planes is more important. Low-angle 
lighting with its long shadows gives a much 
more pleasing effect than overhead lighting, 
and for this reason it is almost impossible to get 
good tree pictures during June, July and 
August, between the hours of 11 a.m. and 
3 p.m., when the sun is high in the sky. 

Backlighting is seldom successful with sparse 
or small-leafed trees like ash and hawthorn, 
but it can be very effective with large-leafed 
trees like chestnut, sycamore, lime, etc. There 
is little to be said for photographing “open” 
or bare trees in backlighting conditions because 
the results are almost bound to be hard and 
spoiled by halation, caused by spreading of the 
light into the image of the branches. 

Setting. The setting of the subject includes the 
sky behind it, the other trees around it and the 
physical features of the landscape. The greatest 
difficulty usually lies in isolating the one 
chosen tree or group of trees from its neigh- 
bours. 

The photographer should always look beyond 
his subject to ensure that the background is 
free from unwanted objects like buildings, 
telegraph poles, etc., and he should move his 
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LIGHTING ON TREES. A tree can often be regarded as a sphere, 
and follows the same rules for the effect of light on modelling. 
Top left: Back lighting tends to yield silhouettes. Bottom left: 
Side-rear light produces pronounced rim of light. Bottom 
rifht: Side lighting gives good modelling, and picks out the 
pattern of leaves. Top rifht: Front lighting is usually dull. 


viewpoint if necessary to get rid of them. He 
should also avoid mixing trees of various 
kinds; firs do not blend well with oaks, limes, 
etc., and tall trees should not be surrounded by 
low, scrubby specimens. The sky generally 
makes the best background, provided that the 
area is interesting and not simply blank white 
paper. 

Treatment. Unless the camera is fitted with a 
rising front, trees will present the same sort of 
perspective problems as high buildings. If the 
photographer tries to include the whole of the 
subject from a close viewpoint, he is forced to 
tilt the camera up. But if he tilts the camera, the 
subject will look as though it is toppling back- 
wards because its vertical lines will lean in 
towards the top. 

The answer is to move away to a more dis- 
tant viewpoint where the camera can be held 
level and still include the whole subject. This 
inevitably gives a top-heavy picture in which 
the lower half consists of empty foreground 
and all the subject matter is crowded into the 
top half. But the problem is easily solved by 
leaving out the unnecessary foreground when 
the negative is enlarged, or trimming it off the 
print. 

The selected branch or group of branches 
should be focused sharply at a wide aperture 
to keep the background out of focus. A sky 
background of cloudless blue is often better 
than one covered with patchy cloud. A 3 x 
yellow, or green filter with panchromatic film 
prevents the green foliage from being repro- 
duced in unnaturally dark tones and gives 
depth to the blue sky. 

A long focus lens is a great help in capturing 
detail in blossom, and avoids the distortion 
produced by using a short focus lens at close 
range. 

Trees in Winter. Trees in winter generally call 
for semi-close or close-up viewpoints which 
stress the characteristic signs of the season — 
i.e., snow, rain or mist. Sunshine, no matter 
how feeble, is necessary for snow and rain 
effects and the feeling of mist is heightened 
when there are trees at varying distances from 
the camera to divide the picture into close, 
medium and distant planes. 

Gaunt, angular trees against an angry sky 
convey a better impression of the mood of 
winter than trees with graceful flowing branches, 
even when they are laden with snow. 

Trees in Spring. Spring studies call for close- 
up viewpoints to show the opening leaves, 
young buds and blossom. As in so many other 
branches of photography, the part is generally 
more effective than the whole. 

Often a single branch or spray photo- 
graphed with care so as to show plenty of crisp 
detail makes the best picture of all. This 
demands careful arrangement and viewpoint to 
make the branch fill the picture area in a 
pleasing fashion. Fairly strong, oblique day- 
light improves the rendering of detail and helps 
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to keep exposures short. Shutter-speeds of 
1/100 second or faster are usually required to 
counteract the movement of the branch in the 
wind. 

Trees in S umm er. During the summer months, 
trees are better handled in terms of their 
masses and shadow effects than as detailed 
studies. The full, dusty foliage and harsher 
lighting, characteristic of this season, make it 
the least interesting to the photographer. 

Trees In Autumn. Autumn, on the other hand, 
with its varied tints and the spa'ser, lighter- 
toned foliage of the fall, offers splendid oppor- 
tunities for photography in both colour and 
monochrome. Back lighting turns close and 
semi-close golden leaves into delightful pic- 
ture material. An orange filter can be used to 
good effect in this type of picture as it lightens 
the golden tones. 

Large-leafed trees generally provide the 
best pictures when they are photographed with 
the sun behind them in this way. 

Woodlands. Woodland studies are more diffi- 
cult, because of their extreme lighting contrasts. 
The very wide range of tones demands a fast, 
panchromatic film to give sufficient exposure in 
the deep shadows without "burning out” the 
highlights. Slower, more contrasty emulsions 
are quite unsuitable. 

The photographer who is not prepared to 
take extra trouble in processing to deal with 
the extreme contrasts of this type of scene 
should avoid the interior of the wood and make 
his pictures in clearings or on the outskirts of 
the wood. 

Avenues of limes, elms, horse-chestnut, etc., 
make natural subjects at almost any time of the 
year. 

Light patches between branch formations 
should be avoided as far as possible because 
they tend to irritate the eye. 

Camera. Almost any camera can be used for 
making pictures of trees, but the photographer 
who wishes to specialize in it should invest in 
a half- or whole-plate field camera with all the 
usual camera movements and a selection of 
lenses of various focal lengths. 

For this class of work, while the great depth 
of field of the miniature camera is an advantage, 
it lacks facilities for perspective correction and 
cannot give the crisp detail obtainable with the 
larger camera. P.J. 

See also: Landscape photography, 

TRICHROME CARBRO PROCESS. Method 
of producing colour prints by the assembly, in 
register, of a set of three colour carbro images 
made from separation negatives. 

See also: Carbro colour prints. 

TRICKING THE SUBJECT. One of the 
difficulties of photographing living creatures, 
from human beings to insects, is to get the 
subject to pose for the camera in a natural 
manner. With human beings — and some 


TR1 

animals — there is often the added difficulty of 
getting them into position and photographing 
them unawares. The photographer needs to 
know something about stage management, 
misdirection and psychology. 

Animal s. There are many standard tricks for 
shooting animals, birds and fish. Seagulls in 
flight, for example, can be enticed into position 
if a companion stands close to the photo- 
grapher and thro ws some morsels of f ood at the 
right distance. Fish in an aquarium may be kept 
in the plane of focus with a sheet of plain glass 
slipped into the water behind them. 

Bait is a great help when photographing 
birds, animals and insects at liberty. A few 
crumbs will soon entice all sorts of birds to the 
desired spot; a single flower that has no other 
of the same species nearby will attract butter- 
flies, rotting meat similarly attracts flies and 
other insects. Birds of prey can be attracted by 
imitating an owl-call, and monkeys can be kept 
interested with a child’s toy. 

With dogs and cats there is usually some 
suitable line of approach suggested by the 
animal’s habits or training. It is often easy to 
make a placid sleepy dog look bright and alert 
by rattling his lead or getting dressed as though 
off for a walk. A cat will generally respond to 
the clinking of a milk jug. All such stratagems 
should be introduced immediately before 
making the exposure; the precious gleam of 
intelligence soon dulls if the promise remains 
unf ulfill ed. 

Children. Small children that are too young to 
be self-conscious also react immediately to a 
new toy. They are so fascinated by it that they 
forget all about the photographer standing 
near by — though he must still make himself as 
unobtrusive as possible. When making pictures 
of children indoors it is important never to 
shine the lamps directly on them at the start. 
It is best to tum the reflectors away at first, 
then switch on and swing them carefully round 
towards the field of view. In this way the 
children will not be scared by the sudden 
glare. 

Candid Shots. In candid photography there are 
several tricks that the photographer can em- 
ploy to avoid drawing attention to himself or 
his camera. In cold weather the camera may be 
slung round the neck and concealed under an 
ample overcoat, worn unbuttoned. When the 
right moment comes the camera is ready to go 
into action. In warm weather it is better for 
the photographer to stroll around casually 
with his hands behind his back. No one will 
notice the camera he is holding. For this, 
however, he must leam to set the camera by 
feel alone. All adjustments must be made be- 
fore the camera comes into action. 

A right-angle viewfinder deceives the victim 
by leading him to believe that the photo- 
grapher is aiming the camera at someone else. 

The “swing-round” technique is an excellent 
method of securing candid shots where the 
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camera cannot be used unobtrusively. Here the 
idea is to focus on an object at about the same 
distance from the camera as the intended victim 
but in a different direction — usually rather 
more than a right angle. The real subject is 
observed out of the corner of the eye and, at 
the last instant, the camera is swung round on 
to the target and the exposure made right away. 
Any start of surprise on the part of the subject 
usually occurs after the shutter has closed. 
Portraiture. The following trick saves sensitive 
material often wasted when the photographic 
session has been pre-arranged. It is common 
experience that some time is needed for the 
model to overcome the initial self-conscious- 
ness. 

The last exposures of a series are always the 
best, because by then the model is sufficiently 
relaxed and at ease and the feeling of stiffness 
has disappeared. 


Why then waste film on the initial expo- 
sures? The trick here is not to make them at all, 
but simply to go through the motions without 
actually exposing any film. With a plate camera 
the dark slide can be left in position, and the 
sitter is led to think by the noise of the shutter 
that an exposure has been made. 

Most photographers know that the sitter 
appreciates a certain amount of retouching on 
the portrait. But apart from normal retouching, 
one useful trick is worth mentioning: deliberate 
elongation of the image. The procedure is the 
same as that used in correcting the distortion 
of converging verticals, but in this case the 
object is to make the subject look slimmer. The 
image is elongated in enlarging by tilting the 
baseboard. So long as the trick is not over- 
done, the result will please sitters who have 
begun to put on weight. O.R.C. 

See also: Candid photography. 


TRICKS AND EFFECTS 


Tricks in photography may be executed for 
their own sake, or as a means to some more 
serious end. Even when making a photograph 
by normal procedure, there are occasions when 
trick methods save time and give a better 
result. 

There are hundreds of situations and sub- 
jects where tricks can be used to advantage — 
e.g., to achieve some special effect or to over- 
come limitations and shortcomings inherent 
in the photographic process. In most cases the 
tricks are simply a matter of applying an 
established process or technique in an unortho- 
dox manner. 

There is scope for tricks at each stage of the 
photographic process. 

OPTICAL TRICKS 

Many kinds of trick photography rely on 
purely optical methods. Generally this is 
merely a question of using normal equipment in 
an unorthodox fashion. Once the photographer 
understands the basic principles the number of 
tricks he can perform will depend more upon 
his imagination than his equipment. 

Tricks with Lenses. The use of a lens of longer 
or shorter focal length than normal is not a 
trick, because these are regular accessories. It 
is a trick only when some unorthodox optical 
equipment is used. 

A telescope is an example of unorthodox 
equipment; fitted in front of the camera lens it 
brings distant objects nearer. There are only 
two things to watch: the telescope must be 
rigidly supported, and the coupling between it 
and the camera lens must be made light-tight — 
e.g., with electrician’s insulating tape. The dis- 
crepancy between the small-diameter eyepiece 
of the telescope and the camera lens is overcome 


by stopping the camera lens down to / 8 or 

/ 11 . 

The resulting photographs resemble genuine 
long-distance photographs. The slight un- 
sharpness at the edges is in many cases hardly 
noticeable. One element of a pair of binoculars 
may be used in the same way as a telescope. 

Telescopes and binoculars increase the focal 
length; the simplest method of shortening it is 
with a single spectacle lens as used for long- 
sight. (All supplementary front lenses are 
fundamentally spectacle lenses of different 
diopter value: the higher the number, the 
shorter the focal length.) As all such glasses 
reduce the optical precision of the camera lens, 
the latter should be stopped down to/8. 

Spectacle lenses may also be used in place 
of the camera lens. When used in this way as a 
principal lens they produce a special effect. 
Being uncorrected, they suffer from all the 
aberrations. The faults combine to give soft 
focus. 

Ordinary spectacle glasses of from +3 to 
+ 6 diopters may be used (concave side out) 
either to obtain soft outlines, for example to 
conceal facial wrinkles in a portrait, or to 
handle an extreme contrast range when abso- 
lute sharpness is not essential. The softened 
focus and lowered contrast are, however, only 
produced if the lens is not stopped down. 

Instead of substituting a spectacle lens for 
the camera objective, a diffusing disc may be 
placed in front of the camera lens. This is a 
piece of glass engraved with a fine texture 
pattern and used like a filter. It produces very 
much the same effect as a simple spectacle lens, 
provided the camera lens is used at or near full 
aperture. 

If the texture pattern engraved in the glass is 
coarse instead of fine, there is no soft focus 
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effect but instead a multiplication of the image. 
Thus glasses ground in pyramid form with 
three, four or more “steps” produce a similar 
number of symmetrical, overlapping images. 
(This trick is often used in motion pictures.) 
Tricks with Mirrors. A mirror, too, can be made 
to give multiple images. If an object is placed 
on a mirror, a double image is formed, the 
upright image being laterally correct, while the 
reflected image will appear upside down and 
laterally reversed. The images form a symmetri- 
cal pattern. 

If the edge of a mirror is placed against a 
page of a newspaper, the text appears printed 
backwards in the mirror. If two mirrors are 
stood vertically on a newspaper with their 
reflecting surfaces at an angle of 60°, the 
newspaper text will be seen multiplied six 
times. Every change in the angle between the 
mirrors will produce a further range of image 
multiplication. 

Curved mirrors make a variety of other 
effects possible. A cylindrical mirror shortens 
the image when placed flat and lengthens it 
when stood up vertically. But it is necessary 
to focus on the reflection, not the subject. 
This applies equally whether curved, cylindrical 
or spherical mirrors are used. If a new silver 
spoon is held in front of the camera lens and 
the reflection in it of the surroundings photo- 
graphed, this will at once show how it is done. 

With this type of photograph, the photo- 
grapher and his camera will appear in the 
picture unless special precautions are taken. 
One way is to turn the reflecting surface to- 
wards a plain wall, and set the camera up to the 
side. The resulting image is then no longer rect- 
angular, but the reflecting surface is blank and 
the distortion of the mirror frame can easily 
be corrected when enlarging the negative. 
Tricks with Distorting Glasses. All tricks where 
uneven-surfaced glass plates are interposed 
between subject and camera can also be classi- 
fied as optical. 

Certain types of ornamental and window 
glass are designed to give privacy by breaking 
up images seen through them by a pattern em- 
bossed in the glass. Distorting glass of this 
kind can be used to produce a number of novel 
effects by taking photographs through it. The 
effect on the image varies according to the dis- 
tance between the glass, the camera and the 
subject. 

Tricks with the Enlarger. Some control methods 
used in enlarging can also be classified as 
optical tricks. 

First there is the soft focus effect, designed to 
reduce the contrast of an excessively hard nega- 
tive and conceal obtrusive detail. Instead of 
placing a soft focus attachment in front of the 
lens, all that is needed is a sheet of glass rubbed 
with a smear of vaseline. This, of course, spreads 
the shadows into the highlights of the picture 
whereas a soft focus disc or lens used in the 
camera spreads the highlights into the shadows. 




IMAGE DISTORTION. Bending t he paper under the enlarger 
distorts the image. Portions farther from lens need extra 
exposure, also small stop to ensure sufficient depth of f ocus. 

The technique used for correcting converging 
verticals in the enlarger may be used to bring 
about deliberate distortion. Distorted lines in 
the negative are squared up by inclining the 
baseboard. In the same way all kinds of dis- 
tortion can be introduced by inclining the 
baseboard in various directions. A similar class 
of distortion can be produced by bending the 
bromide paper into concave or convex shapes 
and holding it there with pins or tape during 
the enlarging exposure. 

In this way the image may be elongated so as 
to give an outsize lady a sylph-like figure; or to 
make a sitter’s face look broad or narrow. 


CHEMICAL TRICKS 

Trick photographic effects produced by 
chemical methods usually involve a departure 
from normal working procedure, often the 
deliberate production of well-known faults. 
As chemical manufacturers are at pains to 
render their products foolproof, such faults 
are today often hard to induce. 

Tricks During Development If a white or un- 
safe light is switched on during development, 
the upper layer of silver already darkened by 
the developer acts like a negative at the printing 
stage and masks the light off from the layer 
underneath which has remained unaffected. 
At the same time, the clear, unexposed emul- 
sion is exposed, and is darkened by the 
developer. So a negative and a positive image 
are formed in the same emulsion, one beside 
the other. The potassium bromide that is 
normally formed during development collects 
along the borders of the image where chemical 
activity is smallest. Being a restrainer it pre- 
vents further darkening there and creates a 
transparent line in the negative which shows in 
the print as a dark line around the edge of the 
positive image. This effect, which resembles a 
line drawing, is much used as a stunt in modem 
photography. It is known as the Sabattier 
effect 

Deliberate alteration of development time 
can also produce a trick effect. If development 
is unduly prolonged, it produces an excessively 
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MELTING EMULSION. This produces distorted images of irregular shape. I. Soak the negative ( must be a plate, not film) in water 
for 10 minutes. 2. Leave to drain thoroughly. 3. Carefully heat glass side over a spirit burner ; when the emulsion starts to melt, tilt 
the plate to and f ro to get the molten emulsion to run in any desired direction. 


hard negative. From this negative both soft 
and hard transparencies may be printed on 
positive film. When separate negatives made 
from these positives are enlarged in register, 
the result is a positive with a particularly rich 
scale of tones, giving a distinctly plastic effect. 
Tricks in the Fixer. If the temperature of the 
fixing bath is raised to 86°-96 0 F. (30°-35° 
C.), the emulsion curls up and breaks the 
picture up into an irregular network of lines 
like those of a miniature jigsaw puzzle. A 
wrinkled pattern is thus superimposed on the 
normal rendering of the subject, giving it a 
novel texture that can be most effective under 
certain conditions — e.g., to imitate the brush 
work of an oil painting. 

While the emulsion is still wet and swollen 
from the final rinse, it will soften and melt if 
exposed to heat. Here is the basis of a number 
of photographic tricks. A variety of grotesque 
distortions may be produced by holding wet 
plates over a spirit lamp flame (films should be 
held over an electric cooker or radiator) until 
the emulsion melts. By tilting the plate one 
way or another the emulsion can be made to 
run in any direction. When it cools, it sets 
permanently in the desired shape. 

The normal method of reducing a dense 
negative is to place it in Farmer’s reducer. But 
the action of the reducer may also be confined 
to selected parts of the negative by applying it 
with a brush or a wad of cotton wool. If 
necessary, the whole of the background or fore- 
ground may be removed. This method is one 
way of making a montage. Or the background 
may be removed from one negative and the 
foreground from another, the two negatives 
being then superimposed and a composite 
print or enlargement made. 

MECHANICAL TRICKS 

Mechanical trick effects on the negative are 
limited to physical alteration of the emulsion 
surf ace. Dense areas of the emulsion may either 
be lightened by rubbing with silver polishing 
powder (containing oil) or scraped away alto- 
gether with a retouching knife. The latter 


method is used for putting a black border 
around the picture. To do this the knife is 
drawn along the edge of a steel ruler until a 
clear even line has been scraped in the emul- 
sion. 

Mechanical treatment of positives covers 
both cut and paste montage and all methods 
involving pencil and brushwork. 

Cut and Paste Montage. Normal cut and paste 
montage is the simplest of these methods. Two 
prints of similar gradation and surface are cut 
up with the scissors along a particular outline, 
then pasted together to form a new picture. 
After copying, any number of prints may be 
made from the negative. To prevent the cut 
edges from showing, all prints should be on 
single weight paper and cut with sharp scissors 
or a safety razor blade. The cut edges should be 
dyed or painted black, grey, or left white to 
match the adjacent print area. O.R.C. 

Picture Patterns. Making a pattern from a 
mosaic of photographs is a good variation of 
normal cut and paste montage. Very simply the 
trick is to combine sixteen prints — eight printed 
the right way round, and eight reversed — to 
produce a repeating pattern. 

The most suitable type of photograph is one 
with strong geometrical shapes. If the original 
print consists mainly of flat tones then the 
finished mosaic will lack interest. 

The prints should be about quarter-plate 
size, otherwise the finished mosaic may be too 
large. When selecting the composition, an L- 
shaped piece of card as normally used for 
composing is required; also a pair of hand- 
mirrors. Two sides of the print are selected by 
the piece of card, and the other two sides 
selected by the mirrors. In this way a combina- 
tion of four prints can be visualized, two the 
right way round and two in reverse. In this way 
it is possible to get an idea of the final effect. 

All sixteen prints must be in good register. 
To ensure this, when making the viewing print, 
a reversed print of exactly the same size is 
made. The negative in its carrier must also lie 
in exactly the same plane for both prints. When 
the portion of the print has been marked up, 
the two prints should be placed back to back. 
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registered by viewing them against a strong 
light, bound together with adhesive tape and 
trimmed to the marked up area. The reversed 
print will then have the same area. 

Before making the first run of prints, the 
area of the projected negative is masked 
according to the viewing print. The exposures 
should be accurately timed by a clock, and 
developed to strict time and temperature. A 
guide print is first made to get the exposure 
right and then the first batch of prints (ten 
prints, eight for use and two spares) are given 
the same exposure. The whole batch are pro- 
cessed by placing them in the developer at 5- 
second intervals. When the first print has been 
developed all the subsequent prints are re- 
moved after the same intervals. All prints will 
then be of exactly the same tone. Having made 
the first batch of prints, the negative is reversed 
in the enlarger and masked according to the 
reversed guide print to make the second batch. 

The prints can then be trimmed and mounted 
accurately on card with rubber solution and 
the joins touched out. L.S. 

Drawings from Prints. Most paper surfaces can 
be worked over with pen and waterproof 
indian ink, so a light toned enlargement may 
be transformed into a line drawing by inking it in 
with the pen, and then placing the print in a 
strong solution of Farmer’s reducer. This 
bleaches out all photographic detail and leaves 
only the hand work. 

Direct Pencil Drawings. Pencil drawings, unlike 
pen drawings, contain middle tones, but they 
may be made from photographs by the follow- 
ing method. The negative is placed in an en- 
larger and focused on a sheet of drawing paper. 
The bright parts of the enlarged image are 
then shaded in with the pencil until the image 
projected on the paper looks a uniform grey all 
over. When the paper is examined in ordinary 
light a positive “print” will be found on it. It 
will be rough or delicate according to the 
draughtsman’s skill, and will display all the 
characteristics of a genuine pencil sketch. 

Endless photographic tricks can be evolved 
by the imaginative use of such mechanical 
treatment as retouching and titling. 


EXPOSURE TRICKS 

Many photographic trick effects are possible 
at the exposure stage by deliberately disregard- 
ing the normal rules. 

Long Exposures. Instead of taking an action 
shot at a shutter speed short enough to arrest 
the motion, a long exposure may be given. 
When this is done, highlights become comet- 
tails that follow the path of the moving object. 
The more the exposure exceeds the normal 
minimum the longer the tails will be. Such 
pictures, though themselves static, convey an 
unusual impression of movement. 

For example: the permissible shutter speed 
for a man doing a knees-bend would be about 
1 / 50 second. If (after stopping down the lens 
accordingly) an exposure of 1 second is given, 
the negative will suggest the whole of the action 
even though the man performing it will only 
be seen as an unrecognizable blur. And the 
work gains a new significance. Instead of being, 
say, “Father doing a knees-bend”, it achieves 
the status of a study, “Knees-bend by an un- 
known performer”. 

Movement offers unlimited scope for trick 
effects. If, for instance, a small pocket torch is 
fastened to one hand of an orchestral conductor 
and a sufficiently long exposure given in a 
dimly lighted music room, all the conductor's 
movements will be visible on the negative as a 
sharp line of light on the dark background and 
the ghostly orchestra. The photograph no 
longer shows a particular instant but all the 
rhythm of a complete cycle. 

Records of inanimate objects in continuous 
motion open up another field of possibilities. 

A pendulum, for instance, may be made to 
swing in an elliptical or circular path, or have 
its motion interrupted or broken by some 
obstacle. Its movement will gradually become 
less and less until it is stationary. An interesting 
photographic trace of its movements can be 
made in some such way as the following. A 
pocket torch is placed in a tin with a small hole 
in it so that the beam can be seen through the 
hole. The tin is then suspended from the ceiling 
by a cord about five feet long. This pendulum 



DRAWING IN THE ENLARGER. This requires no sensitive materials. I . Project the negative on to a sheet of suitable drawing paper. 
2. Shade In the light parts of the projected image with a pencil, gradually working over the picture until the paper is uniform in 
tone while the image is superimposed on it. 3. Switching off the enlarger reveals a positive pencil image. 
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is started on any desired pattern of motion in 
the darkroom and the camera shutter is left 
open to record the ever decreasing track of the 
light. A print from the negative will have the 
appearance of a delicately drawn pattern exe- 
cuted with absolute geometrical precision. 

Stare also are moving points of light in the 
dark sky. An exposure of several hours will 
record the movement in the same way. After 
dark the camera is placed on a tripod and aimed 
northwards towards the pole star. According 
to the length of the exposure (i to 5 hours) the 
stars will trace their own orbits around the pole 
as a pattern of arcs of light. 

The trick of giving a too-long exposure 
comes in useful when, for instance, a realistic 
rendering of running water is required. If a 
very short exposure is used to photograph a 
waterfall, the water looks dead and frozen. 
Longer exposures of the order of 1 /5 and 1/10 
second produce blur and impart a sense of 
movement to the whole mass of water. 

Photographing a lightning flash calls for 
more exposure trickery. The camera is directed 
towards the approaching storm front at night 
and the shutter is opened after the first flash, 
as experience shows that a second flash is 
certain to follow a few seconds afterwards. A 
succession of flashes may be recorded one after 
another on the negative if the shutter is left 
open sufficiently long. 

Multiple Exposure. But very long exposures can 
also be used to eliminate moving objects. The 
trick can be exploited, for instance, to photo- 
graph a busy street as though it were empty. 
An instantaneous exposure of about 1/100 
second would show the traffic clearly. But if, 
instead of a single exposure of 1/100 second, 
ten exposures of 1 /1 ,000 second each are made 
on the same plate, allowing some time to 
elapse between exposures, the moving objects 
are recorded so indistinctly at each exposure 
that the resulting image is overlaid and eli- 
minated by the other nine exposures. The 
result is a street that appears to be entirely 
empty of all traffic. 

There is another way of using multiple 
exposure to eliminate moving objects. In night 
photography out of doors, motor car head- 
lamps appear as lines of light running across 
the picture. The remedy is to hold a hat in 
front of the lens whenever a car or other illu- 
minated vehicle passes across the field of vision. 

Multiple exposure technique is another way 
of assembling a photo-montage. Several 
different subjects may be exposed on the same 
plate with or without a mask to fill the picture 
space with either normal images or “ghosts”. 
Double Exposure Tricks. A number of double 
exposure tricks are possible with any camera 
not fitted with a double exposure lock. 

The simplest trick of this type is to show a 
person and his “double” on one plate, against 
a black background. The same person is placed 
first on the left of the picture area and one 



DOUBLES. This requires a matte box or at least a deep 
lens hood capable of covering up either half of the field of view 
with masks. I . Make first exposure of subject with mask cover- 
ing half of the view. 2. Change mask over to cover other half 
of view, and also switch round subject. 3. Result shows subject 
twice, e.g. , conversing with himself. 


exposure made, then on the right for the second 
exposure without moving the camera. Trick 
photographs of this kind (which may even 
consist of more than two exposures) can show 
the same person playing cards with himself, 
drinking his own health, etc. 

Ghost photographs can also be made by 
double exposure. The ghostly outline of the 
“apparition" is left by the image of a sitter 
who is present in the scene for the first half of 
the exposure but absent when the shutter is 
opened on the same scene the second time. 

If persons are to be photographed with 
their “doubles”, the unoccupied half of the 
set must be masked off each time with a piece of 
black paper held in front of the lens hood. 
Otherwise the images will appear as trans- 
parent ghosts against the background. 

Double exposure is frequently used in 
advertising and instructional pictures — e.g., a 
portable typewriter may be photographed so 
that both the machine with the keyboard, and 
the cover are visible. Double exposure (once 
with and once without the cover) produces a 
“phantom” picture in which the details show 
through the lid as though it were transparent. 


LIGHTING TRICKS 

The subject lighting is perhaps the most 
versatile tool available for trick effects in photo- 
graphy. 
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Special Light Sources. A simple but powerful 
concentrated light source for trick effects con- 
sists of a hollow glass globe filled with water. 
When this is placed in a beam of light from an 
ordinary lamp or spotlight it throws a bright 
patch of light over a short distance and objects 
in its path cast a strong shadow. The same 
effect is produced if a large hand magnifier is 
held in the path of the rays. The magnifier may 
be adjusted to any desired position by pushing 
the handle into a pot filled with sand. A concave 
shaving mirror may also be used to reflect 
light on to a small area. The light from the 
mirror is then brighter, and provides the main 
illumination, while the lamp itself provides a 
weaker beam that can serve as a fill-in light. 
Light may also be concentrated on a small area 
with a large sheet of tinfoil rolled into the shape 
of a cone and placed over the reflector. Beyond 
a certain point, concentrating the light on a 
smaller area by this means produces no appreci- 
able increase in brightness. 

Similar effects accompanied by still more 
marked shadow formations can be obtained 
from the light of a miniature slide projector. 
This type of projector can be used to provide 
additional lighting effects — e.g., if a piece of 
fine-mesh net is placed in the slide carrier, it 
will cast its pattern over the whole subject and 
make it look as if lit by sunlight shining into 
the room through net curtains. Other slides 
may be inserted to cast a pattern of rings, lines, 
stars or any other design over the subject at 
will. 

Projected Backgrounds. Suitable transparencies 
may be projected on to a white surface behind 
the subject, to give the appearance of a natural 
background. But the relatively weak light 
from the projector calls for long exposures, 
and precludes the use of powerful foreground 
lighting, which would “kill” the background. 
Foregrounds. The converse of the above 
method is foreground projection. A translucent 
white material such as tulle is stretched over a 
large frame. The model sits behind it, and 
behind the model is placed the lamp. The lamp 
is directed on to the tulle which shines brightly 
wherever the light strikes it, but remains dark 
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and transparent in the shadow cast by the 
sitter. All background detail in the bright sur- 
round is thus lost, the only visible detail being 
within the shadow cast by the sitter. 

Silhouettes. If opaque white material like 
linen is used, the same arrangement of material, 
subject and lighting produoes a silhouette. If 
the sitter is placed immediately behind the 
screen with the light directly behind him the 
outlines will be sharp even with ordinary 
amateur lighting equipment. 

Sbadowles9 Lighting. The different lighting 
tricks described above are mostly intended to 
provide strong shadows and enhance the sense 
of depth. But there are occasions that call for 
flat, shadowless lighting. This can be arranged 
in several different ways. One way is to put a 
Photoflood bulb in a lamp socket in the ceiling 
without a reflector. If the walls are light 
coloured, its light will be diffused and while 
powerful enough for short exposures, it will 
cast no shadows. Photographs taken by such 
lighting have all the appearances of daylight 
exposures because the typical contrasts of 
artificial light are absent. 

Such soft ligating is particularly suitable for 
family group photographs. For still life or 
other static subjects, a moving lamp is pre- 
ferable. The lamp is held in the hand throughout 
the exposure and moved backwards and 
forwards in an arc, as if to fill in the details in 
the subject with the light. When photographing 
china and glass, this trick avoids the bright 
dots on the subject produced by the reflection 
of stationary lighting, and the highlights are 
suitably diffused. 

This method of lighting will not serve for 
bright metal objects, as such surfaces reflect 
not only light and shade, but the surrounding 
objects, including the photographer and his 
camera. The surroundings must therefore be 
masked off altogether with a “tent”. A suit- 
able tent may be made from a cone of tracing 
paper placed over the subject like a roof. This 
diffuses the light falling on the subject. The 
lens is pointed through a small slit and apart 
from the neutral walls of the tent there is 
nothing to create reflections. 



FAKING SNOW. I. Prepare a snow negative, either by spraying a glass plate with red ink, or by photographing salt sprinkled on to 
black velvet while moving the velvet slightly during exposure. 2. Combine the snow negative with a winter landscape ( use a spacer 
between them In the case of the red Ink plate). 3. Enlarge the two together like one negative. 
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COMBINATION PRINTING. Adding a moon to a night picture. I . Photograph the moon only with a long focus lens, to obtain a moon 
negative of the right size and scale. 2. Superimpose the landscape and the moon negatives. 3. Place the sandwich in the negative 
carrier of the enlarger, and enlarge as one negative in the normal way. 


Shadowless lighting of small objects can 
be achieved as follows. The seat is removed 
from a chair and replaced by a sheet of glass. A 
piece of white cardboard is placed below it, 
resting across the legs at an angle of 45°, 
and turned so that it reflects light from the 
window on to the glass. The object to be photo- 
graphed is placed on the glass with an empty 
lamp reflector inverted over it facing down- 
wards. The camera lens is pointed down through 
the hole in the reflector to make the exposure. 
The light rays pass from the evenly illuminated 
cardboard to the inside of the reflector, which 
in its turn throws them back in a ring-shaped 
pattern on to the object in the middle. The 
result is that there are no shadows in the final 
picture. 

An extreme example of shadowless illumina- 
tion is provided when the object is immersed in 
a dish of water. This is naturally only possible 
with waterproof objects. 

Photographing Light Sources. Double exposure 
is usually called for if the light source itself is 
to be part of the picture. A candle flame, for 
example, is relatively bright, but its illuminating 
power is very small, so a still life study by 
candle light, showing the candle flame itself, 
is a photographic impossibility. The brightness 
contrast between the flame and its surroundings 
is beyond the scope of the sensitive material. 
Some form of general illumination must be 


provided, though it must not be bright enough 
to destroy the atmosphere. The following 
method gives a natural effect. A preliminary 
exposure is made with the candle burning in a 
normally lit room. The candle is then extin- 
guished and a second exposure made, three to 
five times as long as the first. In the resulting 
picture, the candle flame retains its typical 
appearance and the surrounding objects are 
adequately lighted. 

The same trick of giving a short preliminary 
exposure for the light source followed by a 
second, longer exposure with the object ex- 
tinguished, may also be used for photographing 
electric bulbs, gas flames and open fires. 

TRICKS IN THE DARKROOM 

There is more scope for photographic 
trickery in the darkroom than at any other stage 
of picture making. As with most other branches 
of trick photography, the effects are produced 
generally by applying orthodox techniques in 
an unorthodox manner. 

Negative-Positive Combinations. If a particu- 
larly plastic rendering of an object is required, 
two exposures are made on separate negatives, 
the light being held to the left of the camera for 
the one and to theright for the other. A positive 
transparency is then prepared from one of the 
negatives. The positive transparency is then 



round the glass. Print the image directly on to the paper by means of a small torch bulb in the centre of the tumbler. Rig ht: In the 
case of a pattern on an opaque vase, wrap the paper round, and illuminate from the back ( i.e a kind of reflez printing). 
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held in exact register with the other negative, 
emulsion to emulsion, the two are placed in the 
enlarger and printed. The dense highlights com- 
bine with the empty shadows to give an 
exaggerated impression of relief and modelling 
to the positive. (This process sounds very much 
more complicated than it really is.) 

Two further tricks are possible when a posi- 
tive transparency is made and bound up with 
its own negative. If the transparency is printed 
very slightly out of register with the negative, 
a photographic bas-relief is produced. When 
the two are in exact register, they combine to 
form a more or less neutral grey, but slight 
movement out of register brings out the light 
and dark edges that are characteristic of a 
bas-relief. 

A number of fantastic and unreal effects can 
be produced by combinations of two identical 
negatives, or of one negative and a positive 
transparency. The effect varies according to 
the relative position of the two images. 

Simultaneous enlargement from two different 
negatives produces two further useful effects: 
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(which is accurately focused in the enlarger to 
print sharply). 

Moon Effects. Moonlight landscapes which in- 
clude the moon itself are also obtained by 
combination printing. The moon in a straight 
print always appears too small. A separate 
exposure of the moon in a clear sky is therefore 
made with a lens of two to three times the 
normal focal length. This negative is then 
printed in over any night scene, and the result 
corresponds to the actual visual impression. 
Texture Effects. Negatives or transparencies of 
artificial patterns may also be printed in — e.g., 
dotted or lined screens, coarse woven cloth, 
nets, or surfaces with wood-grain or crackle 
finish. The material itself may even be used. 
When suitable patterns are chosen, they can 
add a useful touch of character to the print. 

Objects which cannot be inserted in the 
carrier of the enlarger together with the 
principal negative may be placed on the bromide 
paper itself. By laying a piece of netting, grains 
of rice or sand, or small nails on the paper 
before exposure, the surface of the enlarge- 



LUMINOUS PICTURES. I. Coat a sheet of plain paper with luminous paint. 2. Expose for a few minutes under a negative In the 
enlarger. 3. Switch off the enlarger light, and a luminous Image will be visible In the dark. 


Snowstorm Effects. A snowstorm is difficult to 
photograph; it is easy to print in afterwards. 
The snow negative is made by sprinkling some 
granulated sugar on a piece of black velvet. 
The camera is mounted above the velvet, lens 
pointing downwards, and a time exposure 
made. During the exposure the velvet is drawn 
diagonally across and out of the field of view. 
A print irom this negative shows a mass of 
bright and slightly blurred lines looking 
exactly like snowflakes. When printed together 
with a negative of a landscape, the result looks 
as if taken in a snowstorm. 

Alternatively, a small sheet of glass can be 
finely sprayed with red or black ink and when 
dry, bound up with the subject negative with a 
spacer in between to throw the snow slightly 
out of focus. 

Rainbow Effects. A rainbow can be faked in 
much the same way. It is drawn in with a pair 
of compasses in dilute red ink on an unex- 
posed, fixed-out film. To soften the outline of 
the rainbow, a sheet of clear glass must be sand- 
wiched between it and the principal negative 


ment may be broken up according to the 
nature of the objects used. 

Photograms. By laying objects directly on the 
paper it is even possible to dispense with a 
negative in the enlarger entirely. This kind of 
print is called a photogram. A direct print can 
easily be made from the leaf of a tree, a feather 
or even a cut-glass dish, provided only that the 
latter is sufficiently flat. Taller objects such as 
wine glasses, vases and statuettes lend them- 
selves to more imaginative effects. 

The enlarger lamphouse may shine down on 
the object or be inclined so that the beam of 
light casts an oblique shadow. The image will 
be foreshortened and distorted according to the 
positions of light and paper. 

Using the same principle, it is fairly simple to 
print flat pictures from a curved surface. Where 
the surface is transparent, such as an etched 
glass tumbler, a sheet of bromide paper is 
wrapped round the outside with the sensitized 
side facing the pattern; the exposure is then 
made by a small torch bulb inside the tumbler. 
With an opaque object, such as a vase, the 
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SILVER OR GOLD BACKGROUNDS. A metallic surface to the image, in place of a white paper one, enhances the detail and bril- 
liance. I . Make a thin transparency in the normal way by enlarging the negative on to a slow ordinary plate. 2. Coat the emulsion 
side with linseed oil, or a suitable adhesive. 3. Stick down a sheet of gold or silver poper foil, and trim to shape. 


paper is wrapped round in the same way, but 
the exposing light is placed outside the vase 
so that it shines through the back of the paper; 
this produces an image by reflection from the 
pattern on the vase (reflex printing). 

Luminous Pictures. An effective way of making 
pictures that will glow in the dark is to coat a 
sheet of plain paper with luminous paint. This 
is left to dry in the dark until it has lost its 
luminosity. It is then re-activated by long 
exposure under a positive transparency, which 
will produce a positive and luminous picture 
when viewed in the dark. This image is not 
permanent and will be “fogged” if exposed 
over-all to light. 

A method of producing permanent pictures 
which have brilliance is to back positive trans- 
parencies with gold or silver foil. The trans- 
parency must be weaker in density than normal 
and have no heavy shadows. The emulsion side 


of the transparency is coated with linseed oil 
or Canada balsam diluted with a little xylene; 
one side of the metal foil is treated similarly. 
The two coated surfaces are then pressed to- 
gether into Arm contact, avoiding air bubbles 
between them. O.R.C. 

See also: Abstract photography ; Anamorphoscope; Back 
projection; Bas-reliefs; Cinematography; Combination 
printing; Converging verticals; Faults; Flash ( electronic ); 
Giant enlargements; Greeting cards; High key; High speed 
photography; Hill cloud lens; Lighting the subject; Light 
sources In the picture; Low key; Masks; Mirror; Mirror 
photographs; Montage; Moonlight; Night photography; 
Photograms; Photo murals; Photosculpture; Physiograms; 
Posterlxatlon; Reticulation; Retouching; Sabattler effect; 
Shading and spot printing; Silhouette; Sketch photographs; 
Soft focus; Solarlzatlon; Spirit photography; Statuettes; 
Stroboscopic flash; Table top; Texture screens; Tone 
separation; Vignetting. 

Books: All the Photo Tricks, by E. Smith (London): 
How to do Tricks (n Amateur Films , by J. Counter 
(London); The Complete Art of Printing and Enlarging, 
by O. R. Croy (London). 


TRICOLOUR FILTERS. Set of three filters — 
red. green, blue — used for making the separa- 
tion negatives in the three-colour process of 
colour photography. 

TRIHYDROXYBENZENE 1 : 2 : 3. Chemical 
name for pyrogallol or pyrogallic acid. One 
time very popular developing agent. 

TRIMMERS. A trimmer is a tool for making 
a straight cut through a print or mount and 
leaving a clean edge. It is used principally for 
removing distracting objects lying near the 
edges of the print, or for giving the picture more 
pleasing proportions. It is, in fact, a useful 
means of improving the composition. 

Scissors make poor trimmers because they 
cannot cover the whole edge in a single cut, 
and each shift of the blades jags the edge of the 
paper — unless the scissors are unusually long, 
or the print is very small. 

Prints can be trimmed quite well with a sharp 
pen-knife or a safety razor blade in a holder. 
The blade must be steadied against the edge of 
a steel ruler and enough pressure used to cut 
through the paper at a single stroke. The print 


should be on a piece of stiff board; cutting on 
to a sheet of glass soon blunts the edge of the 
blade. A strip of medium sand-paper glued to 
the lower face of the steel rule prevents it from 
slipping about. 

But for those who can afford it, the commer- 
cial print trimmer is the best tool for the job. 
There are two types of trimmer — the desk 
trimmer, and the guillotine. 



DESK TRIMMER. The top board Is hinged to the base at the far 
end. The paper protrudes over the near edge against which the 
blade bears. Downward pressure on the board cuts the paper- 
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GUILLOTINE TRIMMER. The trimming blade is hinged at one 
end, and is pushed down to cut off the paper protruding over 
the edge of the board. The blade may have a return spring , 

Desk Trimmer. This type of trimmer consists 
of a board, hinged to a base and kept raised an 
inch or so at the free end by a spring. A cutter 
blade runs the length of the free edge of the 
board and is fixed, edge upwards, on the base. 
A steel strip is fixed along the raised edge of the 
board, leaving a slit just wide enough to allow 
the edge of the print to be pushed under. 

In use, the print is laid on the board so that 
the piece to be trimmed off projects under the 
steel strip. The board is then pressed down 
against the spring pressure and the fixed knife 
slices off the surplus paper against the edge of 
the steel strip. When the board is released, it 
automatically springs up into position ready 
for the next cut. Desk trimmers are not usually 
made to cut prints longer than twenty-four 
inches. 

Some models also have a small ruler fixed 
along one edge of the board (at a right angle to 
the blade). This serves as a guide edge for 
cutting the print squarely; it may also be cali- 
brated in inches or centimetres (or both) so 
that it indicates the length the print will be 
after the cut is made. 

Guillotine Trimmers. The guillotine type of 
trimmer can be more easily made to cut prints 
up to any size. It is a board with a metal edge 
which has a knife blade fitted with a handle 
hinged at one end. The paper is held on the 
board overlapping the metal edge where it is 
to be cut. When the knife is pulled down it 
makes a sharp, clean cut. The advantage of a 
guillotine is that it will easily cut several thick- 
nesses of paper, and can also be used for trim 
ming cardboard mounts. 

Guillotine trimmers are also made to cut 
with a deckle edge. Whilst a deckle edge is out 
of place on large prints, some people consider 
that it adds a decorative effect to prints of about 
postcard size or less. 

For mass production trimming, such as in 
D. & P. work, the cutting mechanism on some 
trimmers is coupled to a treadle. This is oper- 
ated by the feet so that the operator has both 
hands free to move the print as required. 

When using either type of trimmer, it is 
essential that the print is held in firm contact 
with the trimmer board when the cut is made. 
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Otherwise the action of the blade is liable to 
pull against the print, displacing it and causing 
a crooked cut or else tearing the paper if the 
blade is not dead sharp. F.P. 

TRIOXYMETHYLENE. Hardening agent used 
instead of formalin. 

Formula and molecular weight: (CH.O),; 
90 . 

Characteristics: White crystalline powder. 
Unlike formalin, it is odourless. 

Solubility: Freely soluble in water. 

TRIPACK. Combination of three separate 
emulsions, each coated on its own base, used 
in some early colour processes under the name 
“tri-pac”. The object is to secure the three 
separation negatives with a single exposure.The 
usual form of tripack consists of a front film 
carrying a blue-sensitive emulsion which is 
dyed yellow and placed with its sensitive 
surface in contact with an ortho emulsion on 
another film. The latter has a transparent red 
backing in contact with a red-sensitive emul- 
sion on a third film. 

The exposure is made through the blue 
sensitive emulsion layer. The layers are then 
separated and developed normally to give 
separation negatives. Unfortunately, although 
two of the three emulsions can be placed in 
contact, the remaining emulsion layer is bound 
to be slightly out of focus. The results will 
not stand much enlargement and the process 
is no longer used. 

The modem development of the tripack is 
to coat all three emulsions and the intervening 
filter layer on a glass or celluloid base. This 
composite material, called an integral tripack, 
is developed to form the three colour separa- 
tion negatives in the respective layers. It is 
then further processed to leave only three 
corresponding dyed positive images which 
combine to produce a natural colour trans- 
parency. Alternatively, it may be processed 
to yield a colour negative in complementary 
colours for printing on to another tripack 
coated on a paper base. 

See also: Bi-pack; Colour history; Colour materials; 
Trlpack colour printing. 



F 


INTEGRAL TRIPACK FILM. A, blue-sensitive layer. B, yellow 
filter layer. C and D, green and red sensitive layers. E, anti - 
halo layer containing an even silver density. F, film base. 
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TRIPACK COLOUR PRINTING 


Integral tripack materials for making colour 
prints are of two types: positive for printing 
from colour negatives, and reversal for direct 
prints from positive colour transparencies. 
Positive Materials. Where the negative is to be 
printed on to film base, e.g., in preparing 
release prints for cine film, for transparencies 
from negatives, or in duplicating transparencies 
by negative-positive technique, the film will 
normally be similar in make-up to negative. It 
will have necessary adjustments to give the 
right over-all contrast, colour rendering, etc., 
and, in the case of cine film, is processed on 
continuous machines. 

For prints on paper, the three layers are 
coated on a baryta-coated base, and processing 
may be continuous on similar machines or 
batch-wise, preferably in deep tanks. Certain 
colour papers are available for amateur pro- 
cessing; this takes place in dishes in the same 
way as with black-and-white print materials. 

The emulsion layers on print materials are 
not always coated in the same order as negative 
films. The latter usually are red-sensitive cyan 
coupling, green-sensitive magenta coupling, 
yellow filter layer and blue-sensitive yellow 
coupling, in order from the base to the surface. 
With print materials, for example, the green- 
and red-sensitive layers may be in the reverse 
order. Other materials have the blue-sensitive 
layer next to the base and either the green-or 
red-sensitive layer at the top. In this case the 
yellow filter layer is omitted and the necessary 
colour separation is obtained by using a highly 
blue-sensitive emulsion for the bottom layer, 
over which are coated green- and red-sensitive 
emulsions which have minimum possible 
sensitivity to blue. The virtue of putting the 
green- and red-sensitive layers on top of the 
tripack is that they then give sharper images. 
The bottom layer of a tripack is always least 
sharp, and the blue-sensitive (yellow dye) layer 
contributes least to sharpness so is best kept 
at the bottom. This arrangement of the layers 
is preferred for cine film colour print material 
where a high standard of sharpness is essential. 
The order of the layers makes no difference to 
the methods of processing. 

In all cases the couplers are incorporated in 
the respective emulsion layers. 

Reversal Materials. The structure of reversal 
print materials is similar to that of reversal 
colour film. These are two main types, with- 
out couplers in the emulsions, and with incor- 
porated couplers. 

The first type is coated on a white opaque 
plastic base, and each layer is processed indi- 
vidually in the same way as with corresponding 
camera material. Similarly, printing and pro- 
cessing are carried out exclusively by the manu- 
facturer, or in large printing laboratories. 

Reversal print materials with incorporated 
couplers may be coated on white opaque plastic 


or on baryted paper base. Some of these 
materials are available to professional and 
amateur photographers for user processing. 
Printing and Enlarging Equipment. Ordinary 
apparatus is generally suitable, but attention 
should be given to the following points: 

(1) As fluctuations in mains voltage afTect 
both the colour and intensity of the light, some 
form of voltage regulator should be installed. 
In its simplest form this consists of a voltmeter 
and rheostat which enables the voltage to be 
adjusted to a standard value immediately 
before making each exposure. The maximum 
variation of voltage permissible without seri- 
ously affecting results is about ± 2 per cent, 
i.e., ± 4 volts when working at 200 volts. For 
continuous printing, of course, some form of 
voltage stabilizer is essential. 

(2) The majority of good quality enlarging 
anastigmats are suitable for colour work but the 
colour reproduction is very much better if they 
are coated (bloomed). An uncoated lens is 
likely to give considerable softening and degra- 
dation of the colours. 

(3) Stray light from the lamphouse, negative 
carrier, etc., must be carefully avoided and the 
enlarger should not be used close to a light or 
shiny wall which may reflect light on to the 
paper during exposure. 

(4) If the design of the enlarger permits it, 
all colour correction filters should be placed 
a short distance behind the negative (or trans- 
parency) so that any optical imperfections in 
the filters will not cause loss of definition or 
brilliancy in the print. Many types of enlargers 
have negative carriers which slide out for 
changing the negative and sometimes there is 
sufficient clearance under the lower face of the 
condenser to allow filters to be laid on top of 
the negative carrier before it is replaced. This 
will usually locate the filters sufficiently far 
behind the negative to prevent any dust or 
blemishes from coming into focus on the print. 
Correction filters used in this way must be 
rather larger than the negative. 

Colour Correction Filters. It is necessary to 
insert correction filters in the light path in 
order to obtain a properly balanced print. This 
is because of variations in the colour tempera- 
ture of different types of enlarging bulb, differ- 
ences in colour balance between one negative 
and another, and unavoidable variations in the 
printing material from batch to batch. Some 
manufacturers supply sets of suitable subtrac- 
tive filters in the form of dyed gelatin foils in 
each of the three complementary colours — 
cyan, magenta and yellow; others provide 
these and red, green and blue filters as well. 
Each colour is supplied in a range of different 
densities. 

Where the printing and processing are done 
automatically on continuous machines, adap- 
tations of the continuous printer used in black- 


1222 



TR1 


and-white work are employed. The printers are 
set to include the basic filter correction for 
the batch of print material and electronic 
scanners have been developed which will com- 
pensate for excess colour casts in the nega- 
tives, i.e., automatic colour grading. On the 
rare occasions when this is insufficient to 
correct the transparency, the subsequent 
inspection will reveal this and a repeat print 
with additional correction can be made. The 
printers are of the type in which a roll of paper 
is placed in the machine, and the operator 
merely has to feed in the negatives and press a 
button, since the scanner also determines the 
exposure. Even the feed and exposure can be 
made automatic on the most complicated 
machines. 

The preparation of individual enlargements 
on a small scale is described in detail below 
and this will explain how the colour correction 
is decided. The basic colour correction for a 
particular batch is decided by the manufac- 
turers in the same way but using a neutral grey 
sensitometric scale instead of a normal nega- 
tive. 

Enlarging from Colour Negatives. With the 
basic correction filter in position, the colour 
negative is placed in the enlarger and the 
image adjusted to size and focused. The first 
test strip — the “zero-print” — is made by 
placing a strip of colour paper across the main 
part of the subject and making at least four 
exposures covering the strip in successive 
stages. 

In processing the strip, one set will show 
approximately the correct exposure with 
obvious over- and under-exposures on either 
side of it. But the colour balance of even the 
best step will almost certainly be incorrect to a 
greater or lesser extent. Attention should be 
directed to a step in which the exposure is 
definitely on the full side without being grossly 
over-exposed. 

The question that now has to be decided is 
whether the image on the chosen step is 
heavy because there is an excess of a colour. If 
that is the case, adding filters and keeping to the 
same exposure should give a print correct or 
nearly correct for both colour and exposure. 
Alternatively the exposure may be reduced first 
to get a print about the correct density; this 
print can then be studied to see what correction 
for colour it then requires. It is a matter of 
choice and judgement which course is taken, 
but the first approach is usually the best. The 
second method may produce a print of correct 
density without advancing matters very much 
as the best exposure will still have to be found 
when filters are put in to correct for colour. 

Correction filters of the same over-all colour 
as the colour present in excess in the test step 
are now inserted (see table below). A second 
test strip is then exposed in three exposure 
steps. As the correction filters will absorb a 
portion of the light, the exposure taken as the 


best is the one which gave a somewhat heavy 
image on the first strip. If the one which gave a 
correct density image is taken, the colour- 
corrected image will be under-exposed. 


CORRECTION FILTER ADJUSTMENTS FOR POSITIVE 
PRINTING 


Print Shows 
Excess of: 

Print Shows 
Lack of: 

Take out (or 
Reduce Den- 
sity of) 
Following 
Filters : 

Or Insert (or 
Increase Den- 
sity of) 
Following 
Filters: 

Red 

Cyan 

Cyan 

Yellow and 
magenta 

Green 

Magenta 

Magenta 

Yellow and 
cyan 

Blue 

Yellow 

Yellow 

Magenta and 
cyan 

C/an 

Red 

Yellow and 
magenta 

Cyan 

Magenta 

Green 

Yellow and 
cyan 

Magenta 

Yellow 

Blue 

Magenta and 
cyan 

Yellow 


The correction is made by removing (or reduc- 
ing the strength of) the filter or filters corres- 
ponding to the lacking colour, if these filters 
are present in the enlarger. If not, the correc- 
tion must be made by inserting (or increasing 
the strength of)thefilteror filters corresponding 
to the excessive line. 

The amount by which the fi Iter density should 
be changed depends of course upon the extent 
to which the print is out of balance. 

A short cut to this procedure can be found 
in the composite filters made by some manu- 
facturers. With these it is only necessary to 
decide in which direction the colour balance 
is faulty. A print made with the appropriate 
composite filter will then have areas of several 
different densities of filter, from which the one 
giving the best colour balance can be chosen. 
Three-exposure Method. Another method of 
printing negatives on to colour paper consists 
of making three separate exposures through 
additive tricolour filters. 

The filters, similar to a tricolour set, should 
preferably be mounted on a rotating or sliding 
stage under the enlarger lens so that each can 
be brought in front of the lens in turn. Care 


TRICOLOUR EXPOSURE ADJUSTMENTS FOR POSITIVE 
PRINTING 


Print Shows 
Excess of: 

Print Shows 
Lack of: 

Reduce 
Exposure 
through : 

Or Increase 
Exposure 
through: 

Red 

Cyan 

Green and 
blue 

Red 

Green 

Magenta 

Red and blue 

Green 

Blue 

Yellow 

Red and 

green 

Blue 

Cyan 

Red 

Red 

Green and 
blue 

Magenta 

Green 

Green 

Red and blue 

Yellow 

Blue 

Blue 

Red and 

green 
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must be taken not to move the paper or nega- 
tive or to shake the enlarger when changing the 
filters between exposures, otherwise lack of 
registration and colour fringing may be pro- 
duced in the print. 

The colour balance and density of the print 
are adjusted entirely by regulating the duration 
of the three exposures (which must, of course, 
be determined by trial). 

If, for example, a test print shows that a 
little more magenta is required, a rather longer 
exposure is given through the green filter. If 
less red is required, the blue and green filter 
exposures are reduced, and so on. If the colour 
balance is correct, but the whole print is too 
light or too dark, all three exposures are in- 
creased or reduced in the same ratio, or alter- 
natively, the iris of the enlarger lens is opened 
or closed by a small amount. 

When printing by this method, the total 
exposure time is several times longer than when 
printing in the normal way, as three exposures 
have to be made instead of one, and a consider- 
able amount of light is lost in the tricolour 
filters. These filters, in particular the blue and 
green, have well below 100 per cent transmis- 
sion of their respective colours. 

On the other hand, the method calls for 
only three single filters instead of the three 
complete sets of correction filters with their 
wide range of combinations. 

Enlarging from Positive Transparencies. The 
exposing procedure is very similar to enlarging 
from colour negatives, and corresponding sets 


CORRECTION FILTER ADJUSTMENTS FOR REVERSAL 
PRINTING 


Print Shows 
Escess of: 

Print Shows 
Lack of: 

Take aut (or 
Reduce den- 
sity of) 

Following 

Filters: 

Or Insert (or 
Increase Den- 
sity of) 
Following 
Filters: 

Rad 

Cyan 

Yellow and 
magenta 

Cyan 

Green 

Magenta 

Yellow and 
cyan 

Magenta 

Blue 

Yellow 

Cyan and 
magenta 

Yellow 

Cyan 

Red 

Cyan 

Magenta and 
yellow 

Magenta 

Green 

Magenta 

Yellow and 
cyan 

Yellow 

Blue 

Yellow 

Magenta and 
cyan 


of cyan, magenta, and yellow correction filters 
are employed. The correction applied, how- 
ever, is different. Excess of any one colour is 
compensated by reducing the filter density of 
that colour (or increasing the filter density of 
the other two colours). Similarly, lack of one 
colour is compensated by increasing the filter 
density of that colour. 

Processing. The procedure is very much the 
same as for the corresponding taking materials, 
i.e., positive colour paper is processed like 
negative colour film, and reversal colour paper 
like reversal film. The times in each solution 
and the composition are, however, different. 

Developers for positive paper are similar in 
composition to negative developers, but in 
some cases a different developing agent is 
recommended, namely N-ethyl-ethylhydroxy- 
p-phenylene-diamine sulphate, which is said 
to have less tendency to cause dermatitis than 
diethyl-para-phenylene diamine hydrochloride. 
It also has the advantage of a higher solubility 
in water; it is therefore more easily removed 
from the paper base and so minimizes the risk 
of stained whites in the prints. 

Processing kits, containing full instructions 
and chemicals for the preparation of the 
various solutions, are available for some of the 
print materials. 

For processing prints on a small scale, it is 
quite satisfactory to use dishes, but D. & P. 
production is carried out in deep tanks equipped 
with special baskets or racks for the exposed 
prints. These baskets are made from some per- 
forated plastic such as Perspex or Polythene 
with a number of partitions of the same 
material, which are also perforated to ensure 
free circulation of the solutions. The prints are 
curled emulsion inwards and inserted into the 
partitions. 

Commercial Production. On a large scale, the 
prints are made by modern D. & P. methods 
on continuous roll-head printers. These are 
similar to those used for black-and-white work 
but incorporate the necessary filters, etc., as 
well as electronic exposure meters, timers and 
even automatic colour compensation. Pro- 
cessing will also be continuous on machines 
similar to those designed for film. J.Mo. 

See also: Colour film processing; Colour mater! ah; 
Colour print processes. 

Book: Colour Prints, by J. H. Cootc (London). 


TRIPLE EXTENSION. Amount by which the 
front of a field, technical or similar camera can 
be extended — e.g., to three times the focal 
length of the normal lens. It is primarily re- 
quired for taking close-ups. A triple extension 
enables a camera to be used for reproducing to 
a scale twice as large as life — i.e., a subject 1 in. 
high can be reproduced 2 ins. high. 

See alio: Extension o /camera. 
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TRIPLET LENS. Popular form of lens 
assembly consisting of three single glasses: a 
converging front crown glass lens, a diverging 
flint glass lens and a converging crown glass 
lens. The elements are air-spaced. 

The first lens of this type, the Cooke Triplet, 
was developed by H. D. Taylor in 1893 and it 
was subsequently widely adopted. 

Sec also: Lens history. 
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TRIPOD. Support for camera, consisting of 
three legs usually hinged together at one end 
to a component which carries a tripod screw. 

See also: Camera supports. 


TRISODIUM PHOSPHATE. Alkali, used 
mostly in fine-grain developers as it is to some 
extent self -buffering. 

See also; Sodium phosphate ( trlbasic ). 


TROPICAL PHOTOGRAPHY 


Heat, moisture, insects, air-bome sand and 
dust are the main factors which complicate 
photography in the tropics. There are two 
characteristic combinations of heat and mois- 
ture: a high and widely varying temperature 
accompanied by a low relative humidity such 
as is found in desert regions, and a very 
high humidity with comparatively low maxi- 
mum temperature, i.e., the conditions that may 
be expected in the rainy season or on tropical 
islands. Owing to these great variations in 
both temperature and humidity, general photo- 
graphic data may not apply in the tropics. The 
fullest use possible should be made of any 
available local information. 

Materials and Equipment. The construction of 
tropical equipment is important. Aluminium 
and unprotected iron are liable to corrosion. 
Where wood is used, teak ormahogany aretobe 
preferred, with all joints fastened by rustless 
screws. Glued joints should be avoided. 

Modern plastic or light metal non-folding 
cameras, which minimize the entry of moisture 
into the air-space of the body, are particularly 
suitable for tropical use. Collapsible lenses are 
best left permanently extended. 

Between-lens shutters are normally more 
trouble-free than the focal-plane shutter. 

Sensitive material should be ordered in 
tropical packings. The packages of sensitized 
materials should be kept as cool and dry as 
possible. A cold store should be used if avail- 
able, but asthe humidity in a cold store or a 
refrigerator is usually high, all packages so 
stored must be made completely waterproof. 
Materials required for use must be removed 
from the cold store about twenty-four hours 
before use, and allowed to warm up gradually 
to air temperature. 

Colour films should be purchased in herme- 
tically sealed tropical packings. The seals 
should not be broken until the films are re- 
quired for use, and all colour films should be 
sent for processing as soon as possible after 
exposure, and should on no account be stored. 

Should no cold storage be available, unven- 
tilated buildings and the top floors of unin- 
sulated buildings should be avoided, and 
materials stored well away from outside walls 
and steam pipes. Storage pits are the next best 
to a cold store. 

Photographic chemicals should always be 
purchased in tropical packing. In general, 
anhydrous forms are preferable to crystalline. 
Chemicals which deliquesce (i.e., absorb so 
much water that they dissolve in it), such as 


sodium sulphite, sodium hydroxide and potas- 
sium carbonate should be kept in corked bottles 
and wax-sealed. Efflorescent chemicals, such 
as sodium carbonate and sodium sulphate, 
must be similarly treated. After mixing, solu- 
tions should be stored in dark bottles filled to 
the neck, and kept in a cool, dark place. 

All apparatus should be kept as cool, dry, 
and clean as possible. In humid regions, all 
metal parts should be greased regularly, and 
leather parts treated with a wax polish. In 
dusty or sandy regions, lenses should be pro- 
tected, when not in use, by a lens cap, and 
during use by a clear glass “filter” or a haze 
filter. In such places no grease or oil should be 
applied to metal parts. 

Processing F ilms and Plates. Films and plates 
should be processed as soon as practicable after 
exposure because of the possible fading of the 
latent image. Should delay in processing be 
inevitable, the materials should be dried before 
repacking in their original containers. 

To dry materials, a quantity of indicator 
silica gel should be placed with the material in 
a sealed air-tight container. The silica gel 
should be replaced every 24 hours until there 
is no change in colour from blue to red. The 
drying properties of silica gel may be revived 
by heating to 400° F. (205° C.) and cooling 
in an air-tight container. 

The hands must be kept as dry and free from 
perspiration as possible by soaking them in 
iced water or spirit and thoroughly drying them 
afterwards. To avoid fingerprints, film clips, 
film hangers, plate racks and print forceps 
should always be used. 

High-temperature processing affects the 
photographic characteristics of emulsions, 
giving rise to an increase in fog and a decrease 
in gamma. Loss of gamma is especially notice- 
able with process materials normally developed 
in caustic developers which are too alkaline to 
use above 75° F. (24° C.). Use of an anti- 
fogging agent tends to lessen the fog. With high- 
speed emulsions there is also an increase in 
graininess together with a decrease in resolving 
power. 

A wetting agent may be added to developers, 
but must not be added to fixing baths. If 
fresh water is restricted, chlorinated or sea 
water may be used for mixing developers. Any 
sludge formed should be allowed to settle, 
after which the clear decanted liquid may be 
used. Acid hardening-fixing baths are quite 
satisfactory if made with sea water. Washing 
in sea water must be followed by two or three 
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short rinses in fresh water to remove residual 
salts. This may be done at a later date. 

If all solutions can be maintained below 
75° F. (24° C.), standard formulae and pro- 
cessing technique may be used for processing 
plates and films. Should the washing water be 
above 75° F., an acid hardening-fixing bath 
must be used, and the washing time should not 
be excessive. 

With processing solutions and wash water 
between 75° F. (24° G) and 90° F. (32° G) 
any normal developer loaded with sodium 
sulphate may be used. Up to four ounces of 
sodium sulphate may be added to 20 ounces of 
solution (up to 200 grams per litre), the 
maximum quantity being required at the 
higher temperature. To compensate for the 
resultant slowing down of development, 20 
per cent should be added to the normal tropical 
development times. Highly alkaline M.Q. 
formulae should be avoided because they 
tend to form fog with prolonged development 
times. 

A special tropical developer of the following 
type may also be used : 


Metol 100 frmins 5*7 crams 

Sodium sulphite, anhydrous ounces 90 crams 

Kodalk 33 grains 1*9 crams 

Sodium sulphate crystals 4J ounces 105 crams 

Water to make 40 ounces 1,000 c.cm. 

The average development times are : 

6-8 minutes at 75° F. (24° C). 

3H1 minutes at 85° F. (29-5° C). 

2 J-3 minutes at 90° F. (32° C). 

Development should be followed by a 3- 
minute immersion in a chrome-alum stop 
bath. Fixing is then carried out in a tropical 
acid hardening-fixing bath for 10 minutes. 

Tropical acid-hardening fixing baths may be 
mixed from packed proprietary brands, or 
made up to the following formul a : 


Sodium thiosulphate, 
anhydrous 

Sodium sulphite, anhydrous 
Acetic acid, clacial 
Boric acid 
Potassium alum 
Water to make 


6 ounces 
265 frmins 
300 minims 
130 crains 
265 crains 
40 ounces 


150 crams 
15 crams 
17 c.cm. 
7*5 crams 
15 crams 
1,000 c.cm. 


If the processing solutions exceed 85° F. 
(29° C.), and a very humid atmosphere has 
caused the emulsion to become excessively 
swollen the materials should be dried, as 
described above, before development is 
attempted. 

When all solutions, including the wash water, 
are at a temperature higher than 90° F. (32° C), 
a tropical pre-hardening bath in conjunction 
with a sodium sulphate loaded developer should 
be used. In this case the chrome-alum stop 
bath should be omitted. 

Pre-hardening baths may be mixed from 
packed proprietary brands, or made up to the 
following formula: 

Sodium sulphate 8 ounces 200 (rams 

Formalin (40 per cent solution) I ounce 25 c.cm. 
Water to make 40 ounces 1,000 c.cm. 


The materials should be fixed in a tropical 
acid hardening-fixing bath for 10 min utes. 

Where running water is available, washing 
time should not exceed 30 minutes for tem- 
peratures of 75-90° F. (24-32° C), and 20 
minutes for temperatures of 90-105° F. 
(32-41° C.). Alternatively, the material may be 
immersed for 5 minutes in each of three changes 
of still water, allowing 16 ounces (450 c.cm.) of 
water per square foot of material in each bath. 
If the emulsion is very soft, a 2-3 minute wash 
in still water should be given, and the material 
refixed and rewashed as above within three 
days. 

The final rinse, or a proprietary fungicide 
bath if used, should contain a wetting agent. 

Before drying, the emulsion may be carefully 
wiped down with a viscose sponge or a 
chamois leather, provided the emulsion is not 
very soft, and there is no appreciable frilling 
or stripping. Drying may be assisted by the use 
of a spirit bath diluted with 30 per cent water. 
Fungicide baths may be precipitated by alcohol, 
and the two treatments should not be given 
at the same time. Drying can be accelerated by 
placing the material in a current of air — e.g., 
from a fan. Whatever method of drying is used, 
negatives must be protected from insects and 
dust by the use of gauze or mosquito netting. 
Suspending films from a wire gives protection 
from cockroaches which might eat the wet 
gelatin off the film or plate. 

If maximum permanence is desired, films and 
plates should be given the following treatment 
within twenty-one days of processing, in solu- 
tions preferably at about 75° F. (24° C). 

(1) Soak in water containing a wetting agent 
for 5 minutes. 

(2) Fix in a freshly prepared tropical acid 
hardening-fixing bath for 10 minutes. 

(3) Wash in running water for 30 minutes. 

(4) Soak in a 0 03 per cent (by volume) solu- 
tion of -088 ammonia f or 5 minutes. 

(5) Wash for 5 minutes. 

(6) Immerse in a fungicide solution for 5 
minutes bef ore drying. 

Processing Paper. For processing paper at 
temperatures between 75-95° F. (24-35° C.), a 
standard print M.Q. developer may be used 
without pre-hardening. The development time 
will become appreciably shorter as the tempera- 
ture increases. When development is complete, 
the prints should be rinsed for a few seconds in 
an acid stop bath before transferring to an acid 
hardening-fixing bath. Two fixing baths should 
be used, the prints remaining in each bath for 
5-10 minutes. A maximum of sixty-five whole- 
plate prints, or the equivalent area, per gallon 
may be fixed in the first bath, which should 
then be replaced by a second bath, and a fresh 
second bath made up. 

Single-weight prints should be washed for 
40 minutes and double-weight prints for 60 
minutes. If prints are required quickly, or it is 
necessary to conserve water, a hypo eliminator 
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may be used provided the solution temperature 
is brought below 75° F. 

Prints may be dried by heat, or laid out to dry 
in a dust-free atmosphere. 

For maximum permanence, prints should be 
toned with either a selenium or a hypo-alum 
toner. 

For selenium toning the prints are fixed 
normally, using two baths in succession, 
washed (single-weight prints for 40 and double- 
weight prints for 60 minutes) in running water, 
toned in a selenium toner, and re-washed as 
above. 

For hypo-alum toning the prints are fixed 
normally, using two baths in succession, 
washed in running water for 10 minutes, and 
toned in a hypo-alum toning bath. This should 
be followed by sponging in luke-warm water to 
remove any sediment, and washing (single- 


TWO 

weight prints for 40 and double- weight prints 
for 60 minutes) in running water. 

Storage of Processed Materials. Both negatives 
and prints should be stored in fairly dry and 
moderately cool conditions. A suitable spirit 
vamish will greatly increase the permanence of 
both negatives and prints. Greatest protection is 
afforded to prints dry mounted into albums. 

Colour transparencies must be kept as cool 
and dry as possible, and preferably stored in a 
dark place. 

Cine films should be stored in air-tight con- 
tainers with a drying agent, care being taken 
not to get the film so dry that it turns brittle. 
Reels should be laid on their sides so that the 
weight of the film rests on the flanges. A.B. 

See also: Frilling; Hardening baths ; Hot weather pro- 
cessing; Reticulation. 

Book: Tropical Photography (London). 


T-STOPS. Aperture values measured on a 
scale based on the actual transmission of light 
at different stop diameters instead of on the 
relation of the diameter to the focal length of 
the lens (/-stops). 

See also: Diaphragms. 

TUNGSTEN FILAMENT LAMP. Electric 
lamp consisting of a filament of tungsten in a 
glass envelope containing an inert gas. The 
filament is rendered incandescent by the passage 
of an electric current. Lamps of this type are 
among the most useful light sources. 

Sec also: Filament lamps; Light sources. 

TURRET HEAD. Rotary multiple lens hous- 
ing on cine cameras and some experimental 
miniature still cameras. The head holds several 
lenses of different focal lengths and permits 
them to be rapidly interchanged. The required 



TURRET HEAD. Special type fitted on 35 mm. still camera. 
Any of the three lenses ( wide angle, standard, long focus )can 
be brought Into use by the turret. 


lens is brought into the taking position by 
simply rotating the turret. 

See also: Cinematography. 

TWIN LENS CAMERA. Camera consisting 
of two compartments, each with its own lens ; 
the top compartment carries a focusing or 
viewing screen and the other the sensitized 
material. The focusing movement is usually 
common to both lenses so that when the image 
appears sharp on the screen it is also focused 
sharply on the sensitized material. The system 
has the advantage that the lens of the viewing 
camera remains fully open while that of the 
taking camera can be stopped down as re- 
quired. So the screen image is seen at full 
brilliance all the time. 

A number of early workers had the idea of 
coupling two identical cameras in this way. In 
1864 Disderi constructed a “double appareil" 
on this plan and there was a camera of this 
type manufactured by Marion in 1888. 

Even before 1910 there were twin lens reflex 
cameras, the upper, viewing half of the instru- 
ment being equipped with a reflex mirror and 
a focusing screen in register with the focal 
plane of the taking lens. In particular. Dr. 
Heidecke built a twin lens plate reflex in 1908. 
But such cameras were extremely bulky and the 
idea did not become popular until it was applied 
to the small-format roll film camera in 1 928 by 
the manufacturers of the Rolleiflex, and sub- 
sequently by a number of other firms. 

See also: Camera history; Reflex camera. 

Book: The Twin Lens Reflex Camera Companion, by 
H. S. Newcombc (London). 

TWO-BATH DEVELOPMENT. Two-bath 
development, as its name implies, is carried out 
in two solutions, and two separate stages. 

In the first solution, the emulsion layer is 
saturated with developer. At this stage, some 
development may or may not take place. 
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TWO-iMTH DEVELOPMENT. I. Negative material evpoted 
to subject of extreme contrast. 2. First bath of comparatively 
slow acting developer. The material remains in it long enough 
so that the gelatin layer soaks up a certain amount of solution. 
3. Second bath. The developer in the gelatin, sometimes 
activated by alkali in the bath, carries on developing the 
image. 4. After some time, the developer in contact with 
heavily exposed areas becomes exhausted, while the developer 
in the lightly exposed parts still carries on working. 5. Finally, 
development stops when all developer has diffused out of the 
emulsion layer. The tone difference is, however, less than it 
would have been with straightforward development. 


For the second stage the material is trans- 
ferred to another bath which may be a dilute 
alkali solution or even plain water. Here the 
image starts to develop (or continues develop- 
ing) until the developer carried over in the 
emulsion becomes exhausted or too diluted to 
have any further effect. 

Water Bath Development. The simplest form of 
two-bath development uses a normal developer 
for the first stage, and plain water for the 
second. 

Generally, most of the development takes 
place during immersion in the developer. 
When the material has b»en in the developer 
for about two-thirds to three-quarters the 
normal time, it is transferred without rinsing 
to a dish or tank containing plain water. No 
agitation must be given at this stage. 

The developer which was absorbed by the 
emulsion continues working in the water bath. 
It soon becomes exhausted in the dense high- 
light portions of the negative, but it goes on 
much longer in the thin shadow areas. After a 
time the developer diffuses out of the emulsion 
layer and the whole process comes to a stop. 

The net result of the water bath method of 
development is that the shadows are developed 
up fully as they would be in the normal way, 
but the highlight density is lower. In other 
words, the over-all tone range is shortened. 

The local contrast of the image is, however, 
not decreased in either the highlights or the 
shadows. Since the developer still goes on 
working for a while, the contrast will, if any- 
thing, become higher. This is particularly so 
in the shadows where the developer diffuses out 
of the emulsion and is diluted long before it is 
exhausted. 

On the other hand, the developer is used up 
so quickly on the highlight areas that they stop 
developing before they have a chance to block 
up. Flattening of the tone gradation occurs 
mainly in the middle tones and produces an 
effect akin to tone separation. 

This result cannot be achieved by shortening 
the development time, since that would reduce 
the contrast all over, particularly in the thin 
shadow tones. 

The method is most useful for negatives 
which have a well-defined range of highlight 
tones, an equally well-defined range of shadow 
tones, but nothing much in between, like shots 
against the light and indoor photographs which 
include parts of a view through the windows. If 
carried to excess, stainiDg will result. 

Although the main use of water bath develop- 
ment is in processing negatives, it can also be 
applied to prints. There it reduces the contrast 
and so enables an ultra-hard negative to be 
printed on a paper that would not otherwise 
accommodate the negative tone range. 

To obtain a noticeable effect in practice, it 
is necessary to use a hot water bath for prints, 
transferring the print to the water as soon as 
the image begins to appear. 
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Intermittent Development. The effect of water 
bath development depends to a large extent on 
the amount of development allowed to take 
place in the developer. The sooner the negative 
is transferred to the water bath, the greater 
the compression of the extreme tones, but the 
softer the final image. 

But the effect of the water bath can also be 
controlled by intermittent development. This 
procedure is mainly suitable for development 
by inspection, as it depends to some degree on 
judging the partially developed image. 

The material is immersed in the developer 
until the first highlights begin to appear. It is 
then transferred to the water bath, and left 
there for 2 minutes. After this time develop- 
ment will have stopped almost completely. The 
negative is placed again in the developer for 
about two to three minutes, followed by an- 
other two minutes in the water bath. The pro- 
cedure is repeated until the negative has built 
up sufficient density. The contrast can be in- 
creased by extending the time in the developer. 

A fairly energetic developer — e.g., a con- 
centrated contrast metol-hydroquinone for- 
mula gives the best results. Easily oxidized 
developers, like pyro or caustic hydroquinone, 
are less suitable as they are apt to stain. 

Alkaline Two-bath Development. Two-bath 
development is similar to water bath develop- 
ment in principle and results, but the water 
bath is replaced by an alkali bath, e.g., 1 per 
cent borax or sodium hydroxide. 

The first bath — i.e., the developer itself — is 
often made up with little or no alkali so that 
hardly any development takes place in it. 
The gelatin emulsion merely becomes soaked 
with developer solution which is not activated 
until the negative reaches the alkali bath. Here 
development soon stops in the dense portions 
while it goes on in the thin shadow areas for 
much longer until the solution diffuses out of 
the emulsion. 

One of the advantages of alkaline two-bath 
development is that neither time nor tempera- 
ture are critical. Both baths must be kept at 
the same temperature to avoid reticulation and 
similar troubles. 

Immersion in the first bath should last about 
three to four minutes. After that there is 
practically no increase in the amount of solu- 
tion absorbed by the gelatin. But the time is not 
critical. 

The immersion time in the second bath 
should again be three to four minutes. By that 
time most of the developer solution has diffused 
out of the gelatin and further immersion only 
softens the emulsion layer. Since development 
stops altogether, the negative cannot be over- 
developed and the time of immersion in the 
second bath also is not critical. 

There must always be enough alkali solution 
in the second bath to “swamp” the developer 
carried over and diffused out by the film, or 
development will continue instead of stopping 


after about three to four minutes. At least 
ten to twenty ounces (250-500 c.cm.) of alkali 
bath should be used and for the same reason it 
should not be used for more than one session. 

At higher temperatures the developer acts 
more rapidly, but it also diffuses out of the 
emulsion sooner. These two effects more or less 
neutralize each other, so the exact development 
temperature is not important. 

The concentration of the first bath is usually 
varied to compensate for the increased or 
decreased development speeds of different 
materials. Slow developing materials are given 
a concentrated first bath so that the developer 
will continue working for a long enough time 
in the second bath. Rapid developing materials 
are given a more diluted first bath. 

The concentration of the alkali bath also 
influences the rate and thus the amount, of 
development, but in practice it is usually kept 
constant. 

A normal metol-hydroquinone negative 
developer, made up at about two to four times 
its normal strength, makes a suitable first bath. 
Since practically nothing happens in this 
solution, it may be used as long as it lasts. 

Two-bath developers made with highly con- 
centrated solutions and a concentrated alkali 
bath are used for high-speed processing. 
Two-bath Fine Grain Development. Any 
developer of the low energy type can be made 
up in the normal way and used as the first bath 
of a two-bath formula. 

Therefore fine-grain developers like D-76 
etc., will serve as two-bath developers, with a 
borax or Kodalk solution as the second bath. 
The amount of development that takes place 
in the first bath during the soaking time can be 
ignored. 

To compensate for the different development 
speeds of different negative materials the 
strength of the first solution may be varied. 
Meritol-Caustic. A special type of fine-grain 
two-bath developer is provided by the Meritol- 
caustic series of formulae. 

The special advantage of Meritol-caustic 
developers is that they give fairly fine grain 
without loss of emulsion speed. 

The procedure is the same as with a normal 
alkaline two-bath developer: the film is first 
soaked in a solution of a Meritol fine-grain 
developer for three to four minutes, and then 
transferred to the caustic bath (a 1 per cent 
solution of sodium hydroxide). 

The caustic bath may also contain about 5 
parts per 100 of formalin solution to harden 
the film. Because the caustic alkali solution 
tends to soften the gelatin, a hardening fixer, 
preceded by a thorough rinse, must be used 
after development. 

The strength of the first bath again deter- 
mines the degree of contrast obtained. For 
average films, the Meritol developer (e.g., 
Meritol Super Fine Grain, or M.C.M. 100 
without alkali) is diluted with an equal volume 
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of water. Slow developing films need a stronger 
first bath, rapid developing films a weaker one. 

There is a fixed relationship between the 
strengths of the two baths for any particular 
degree of contrast. Strong developer and a weak 
alkali bath (say 0-5 per cent) give the finest 
grain, but this is offset by a certain amount of 
fog, and loss of shadow detail. A weak Meritol 
bath with a stronger alkali solution (over 1 per 
cent) gives better shadow detail, but slightly 
coarser grain. 

The backing dyes on roll films may interfere 
with the action of the Meritol. They must be 
removed before development by soaking the 
film in a 1 per cent solution of sodium sulphite 
for about one to two minutes. After this fore- 
bath the Meritol has to displace the sulphite 
solution already absorbed in the gelatin. The 
film must therefore be left longer — up to five 
minutes — in the Meritol bath. 


Developer improvers can also be added to 
the Meritol bath in the proportion of about 
1 part in 200. These give slightly lower emulsion 
speeds, but considerably less fog. L.A.M. 

See also: Contrast control; Three-bath development . 

Book: Developing, by C. I. Jacobson (London). 

TWO-COLOUR PHOTOGRAPHY. A pass- 
able representation of natural colour can be 
produced by analysing the spectrum into only 
two parts instead of three, and combining the 
images with printing colours which are 
approximately complementary to the taking 
colours. It is not possible to reproduce the 
whole spectrum by such methods, but there 
are many subjects which do not include the 
whole spectrum — e.g., blue is absent from 
normal flesh tints and in many scenes where the 
sky does not appear. 

See also : Colour history; Colour synthesis. 
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ULTRA-VIOLET (U.V.). Beyond the violet 
end of the spectrum there is a band of invisible 
radiation to which the term ultra-violet or U.V. 
is applied. The region includes rays with a 
wavelength from 4,000 down to a few hundred 
Angstrom units but below about 2,000 A. both 
gelatin and air cease to be transparent to the 
rays. Sunlight is rich in ultra-violet rays of the 
3000-4000 A. region, although the greater pro- 
portion and all radiation below 3000 A. has 
already been filtered out by the upper layers 
of the earth's atmosphere. 

Carbon arc and mercury vapour lamps are 
the commonest artificial sources of ultra- 
violet light; and if necessary, the visible rays 
can be removed completely by a special filter 
of deep violet glass. 

Filtered ultra-violet light is used in photo- 
micrography because its short wavelength gives 


better definition of fine detail. The microscope 
lenses must be made of quartz for this work; 
ordinary glass does not transmit ultra-violet. 

Ultra-violet light is highly photo-actinic and 
it is the U.V. content of sunlight which causes 
sunburn. 

Some inorganic substances (e.g., uranium 
salts), many synthetic organic ones (e.g., 
eosin — as used in red inks) and most animal 
and plant materials (except blood) fluoresce 
strongly under ultra-violet radiation. Most 
materials fluoresce to a greater or less degree 
according to their composition. This fact is 
exploited in various ways in science, medicine, 
forensic science when dealing with forged 
documents, etc., examination of precious 
stones, industry, etc. F.P. 

See also: Spectrography ; Spectrum; Ultra-violet and 
fluorescence photography . 


ULTRA-VIOLET AND FLUORESCENCE PHOTOGRAPHY 


The limits of the colours visible to the 
human eye lie between violet at one end of the 
spectrum and red at the other. Beyond these 
limits, however, there are radiations that the 
eye cannot see — i.e., ultra-violet and infra-red 
rays, both of which are made use of in photo- 
graphy. Ultra-violet (or U.V.) radiations are 
often loosely and incorrectly referred to as 
U.V. “light” and sometimes “black light”. 
Ultra-Violet Radiations. The U.V. region of 
the electro-magnetic spectrum adjoins the 
short wavelength end of the visible spectrum 
at about 4,000 A. and extends to about 140 A. 
Only the “near” U.V., i.e., between 2,000 to 
4,000 A. is accessible without special apparatus 
and techniques, for beyond 2,000 A. the gelatin 
of the photographic emulsion absorbs all 
the radiation and beyond 1,800 A. the air 
begins to absorb the rays. 

Conventional optical glass absorbs all U.V. 
of wavelengths shorter than about 3,500 A.; 


quartz lenses must be used for the shorter 
wavelengths. Therefore, in the absence of 
special equipment, photographs are normally 
restricted to the 3,500 to 4,000 A. band. 
Fluorescence. Fluorescence may be described 
as the property of some substances of absorb- 
ing radiation of one wavelength, and in its 
place emitting light of another wavelength 
or colour. The phenomenon ceases immediately 
the source of radiation is cut off. As used here 
the term fluorescence refers to the visible 
"glow” which results when invisible U.V. rays 
impinge on certain substances. Fluorescence 
may be of any colour from violet to red and 
this feature may be of analytical importance. 
Since all materials also reflect some U.V. rays, 
fluorescence will be masked in a photograph 
unless unfiltered U.V. radiations are prevented 
from reaching the emulsion. 

Some substances have the property of con- 
tinuing to glow for a time after the exciting 
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rays (light, U.V. or X-rays) are shut off; this 
glow is known as phosphorescence and is 
often mistaken for fluorescence. In some in- 
stances it may be difficult to detect as the after- 
glow may last for only a fraction of a second. 
The luminous clock dial and the coating of 
fluorescent light tubes offer two examples of 
phosphorescence. The phenomenon is of little 
photographic importance. 

There are two ways of making photographs 
by the agency of U.V. radiations: U.V. photo- 
graphy of the reflected radiations and fluores- 
cence photography. 

Sources. Sunlight provides only a 5 per cent 
U.V. emission as compared with 40 per cent 
visible light and 55 per cent infra-red. Carbon 
arcs have a strong emission at about 3,900 A. 
but are inconstant in operation. This is 
especially true of the enclosed variety. The 
most practical, convenient and constant source 
is some form of mercury vapour arc-lamp 
because mercury vapour emits a strong and 
photographically useful radiation at 3,650 A. 
Visible radiations can be subsequently filtered 
out by a suitable screen. 

A convenient lamp is made by at least one 
firm. Essentially it is a mercury-vapour dis- 
charge lamp enclosed in a glass envelope, which 
restricts its U.V. emission, but having the ad- 
vantage of a built-in 60° reflector. 

One very suitable make of lamp is run in 
series with a choke and is designed to operate 
continuously; it takes about ten minutes 
before it reaches full brilliance and after it is 
once switched off it will not “strike” again 
as long as it is hot. It is convenient to mount 
this lamp in a light-trapped, ventilated box 
with slots in front to accept the various screens 
as required. Two sources may be used to 
advantage, but this necessitates greater capital 
outlay on equipment which is not merited for 
occasional use. 

U.V. lamps must be used with great care. 
Wavelengths around 3,000 A. have a stimulat- 
ing effect on the skin but too much exposure 
causes a painful “sunburn”. 

As U.V. lamps will probably be left burning 
for a considerable time during photography, 
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MERCURY LAMP SPECTRUM. The spectrum of the low pres- 
sure mercury vapour lamps used f or ultra-violet photography is 
concentrated In one line in the yellow and yellow-green regions, 
two in the violet, and one in the near ultra-violet. In practice , 
all the visible light Is filtered out, so that only invisible ultra- 
violet radiation reaches the subject. 


the eyes of anyone engaged in this work should 
be protected by goggles of U.V.-absorbing glass 
as a matter of routine, more particularly if 
there is an appreciable transmission at 3,130 
A. U.V. may cause severe inflammation of 
the eyes (conjunctivitis) which only becomes 
noticeable some hours after exposure and 
which is both dangerous and unpleasant. 
Screens. The U.V. transmitting filters which 
are used to screen off unwanted visible light 
are called U.V. screens or Wood’s glass 
screens. If they are used over the radiation 
source instead of the screens lens, both reflec- 
tion and fluorescence work may be undertaken 
with the same basic set-up. Some lamps 
possess an integral screen: with lamps that do 
not, a special U.V. passing screen should be 
used. These screens transmit a very narrow 
band of U.V. from roughly 3,000-4,000 A. 
(with a maximum at 3,600 A.). They are thus 
well matched to the 3,650 A. mercury line. 
A home-made liquid filter of a 1 cm. layer of 
saturated cobalt chloride (in a suitable glass 
cell) can also be used. 

Filters. The term U.V. filter is applied to the 
U.V. absorbing filters used in the photography 
of the visible fluorescence emitted by some 
substances when exposed to U.V. radiation; 
they are always used over the camera lens. 
These filters vary according to make and type, 
but are generally designed to begin maximum 
cut at anything between 3,800-4,800 A. A 
home-made liquid filter can be a 1 cm. layer 
of 10 per cent sodium nitrite solution. 

General U.V. Arrangement. In the practice of 
U.V. photography there may be some difficulty 
or confusion in the exact Interpretation of 
results, so a control photograph is made by 
half -watt light wherever possible. To make the 
examination complete, it may also be necessary 
to make an additional record by the fluores- 
cence method and, until the user is thoroughly 
familiar with U.V. techniques and subsequent 
interpretation, these three steps should be 
taken as a precaution. 

An inexpensive set-up for both reflected and 
fluorescence photographs consists of the f ollow- 
ing items: 

(1) A mercury vapour lamp as the source of 
U.V. radiations. 

(2) A U.V. screen that can be placed in front 
of the source for cutting out visible light when 
taking fluorescence photographs. 

(3) A U.V. filter for use in front of the camera 
lens for cutting out all but U.V. radiations 
when taking reflected U.V. photographs. 

(4) A U.V. absorbing filter for use in front 
of the camera lens to absorb U.V. radiations 
when taking fluorescence photographs. 

It should be remembered that if a glass- 
fronted lamp and a glass lens are used the 
recording range is restricted to radiations of 
3,500-4,000 A. 

Reflected U.V. Photography. This method 
requires U.V. radiations falling on the subject, 
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and only U.V. radiations entering the camera. 
This is achieved by using a screened or un- 
screened source, and a filter over the camera 
lens which passes only U.V. 

Use of an unscreened source has the ad- 
vantage that focusing can be done by the 
visible emission of the source without the 
camera filter in position. The latter is then 
placed over the lens for the exposure. 

Any normal camera may be used but, as the 
U.V. focus will be slightly in front of the 
visible focus, the lens must be stopped down 
to a small aperture. After initial setting-up 
the normal room lights should be extinguished. 

As most of the normal sensitized materials 
are sensitive to U.V. radiations, there is no 
particular point in using panchromatic materials 
for this reflected U.V. photography; although 
they may be faster, speed is not usually of any 
great importance. 

Fluorescence Photography. This method requires 
U.V. radiations only (and no visible light) 
falling on the subject, and visible light (but no 
U.V.) entering the camera. The source must be 
screened, and an U.V. absorbing camera filter 
is essential. 

The same set-up described above for U.V. 
photography can be used with the addition of 
a U.V. absorbing filter over the camera lens. 
Thus, theoretically, any U.V. radiations re- 
flected by the subject are absorbed by the filter 
so that, in the absence of a fluorescing sub- 
stance, no photographic image should be 
formed. Polished metal will reflect U.V. 
radiations without fluorescing as well and can 
be used to test the efficiency of the screen/filter 
combination. Any image obtained is probably 
due to a violet component passing through the 
filter and it is useful to know the extent of this 
“background" exposure. It is sometimes pro- 
duced deliberately to obtain a faint orientating 
image for reference in studying the finished 
record. 

As in U.V. photography, the actual exposure 
should be made in the absence of room lighting. 

Where the fluorescence is gross and of one 
colour, a black-and-white record may suffice 
but a colour photograph is more satisfactory 
in every way. Even when the brightness range 
extends beyond that acceptable by colour 
materials a better idea of relative brightness 
and colour is obtained. If 35 mm. transparencies 
are adequate, there is little difference in cost. 

For black-and-white records a panchromatic 
emulsion may be necessary as the fluorescence 
is often reddish in colour. A contrast filter of 
the same colour as the fluorescence will help 
to separate a dimly fluorescing subject from 
its background. 

General Applications. The uses to which re- 
flected U.V. and fluorescence photography 
have been put are numerous. Many of these 
applications will not even concern the practical 
photographer in his daily work. The appearance 
of an object photographed by U.V. and/or 



ULTRA-VIOLET PHOTOGRAPHY SET-UP. The main difference 
between reflected ultra-violet and fluorescence photography is 
that an ultra-violet absorbing filter is essential over the camera 
lens for fluorescence photographs. A, mercury vapour lamp. 
B, visually opaque, ultra-violet transmitting filter. C, ultra- 
violet absorbing filter (f or fluorescence). D, object plane. 

fluorescence may be quite unrelated to its 
normal visible appearance. There is no general 
rule as to which is the particular method to use 
for any particular purpose: if the detail which 
is to be shown can be seen (by presence or 
absence of fluorescence) then the fluorescence 
method may be used, but otherwise, only 
experiment will show whether the required 
information can be revealed by U.V. photo- 
graphy. 

Some of the commoner applications of 
U.V. and fluorescence photography are: 

Forensic science: for the examination of 
forged or altered documents; reflection may 
reveal the character of erased writing and 
fluorescence may show up the defaced paper 
surface or indicate the presence of invisible 
inks, chemical erasers, etc. Fingerprints on 
confusing backgrounds may be made to stand 
out clearly by fluorescence if they are first 
dusted with a fluorescing powder like anthra- 
cene. Sealing waxes differ in fluorescent pro- 
perties and any tampering with seals may be 
detected by fluorescence photographs. Some 
precious and semi-precious stones can be 
differentiated from paste counterfeits and 
natural pearls can be distinguished from arti- 
ficial by fluorescence. Seminal and other body 
fluid stains fluoresce brightly. Traces of oil 
and greases can be characterized by their 
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fluorescence, especially after partial fraction- 
ation by absorption in filter paper. 

Philately: removal of cancellation marks and 
authenticity of watermarks may sometimes be 
established by comparison under U.V. irra- 
diation. Watermarks are often forged with oils 
which may fluoresce, whereas the true water- 
mark would photograph normally. 

Industry: textiles, dyes, stains and markings 
may be compared by fluorescence. (The 
“invisible” laundry mark which becomes visible 
under U.V. is a familiar example of such an 
application.) Adhesives may also be compared 
or even identified by the same method. Certain 
chemical compounds can be traced and identi- 
fied by their known fluorescent emissions. 

Fine art: examination of paintings may be 
aided by U.V. photography since recent 
restorations or addition of pigments can be 
shown up vividly by their increased fluorescence. 
In such cases the evidence is nearly always con- 
firmed by other means such as chemical analysis 
and radiography. 

Medicine: the presence of body fluids on 
clothing can often be demonstrated by a 
change in the general level of fluorescence. 
U.V. irradiation of the scalp is an important 
diagnostic test in the detection of ringworm 
and certain other fungi which have a charac- 
teristic fluorescence. Porcelain jackets and 
artificial dentures are quickly shown up by 
their lack of fluorescence compared with 
normal teeth. In the laboratory, U.V. methods 
have been extended to the examination of 
bacterial colonies and certain aspects of 
chromatography. Finally, fluorescence is of 
importance in revealing traces of industrial 
oils in the skin crevices, and skin blemishes 
are rendered more visible by reflected U.V. 

It may be necessary to supplement many of 
these and other methods of U.V. examination 
by radiography, chemical analysis and even 
infra-red photography, and in any case inter- 
pretation of the results calls for special experi- 
ence because they present differing visible 
translations of invisible states. 

Surface texture: perhaps the least obvious 
use of reflected U.V. photography is the 
rendering of any surface texture. In general, 
within the spectral range from infra-red to 
U.V., the shorter the incident wavelength, the 
more it tends to become reflected from a 
surface without penetration: Thus infra-red 
radiation is mostly used to reveal detail 
beneath surfaces which it can penetrate and 
U.V. for recording the fine detail bf a surface 
itself. Fluorescence, however, can be excited 
within some structures by penetration. 

Special Applications. The foregoing techniques 
and applications require normal equipment 
and make use of only a narrow spectral 
band. This type of work is within the reach of 
any competent photographer. A few more 
precise techniques requiring specialized appara- 
tus involve microscopic methods : 


U.V. microscopy: very high magnifications 
and resolving power can be attained by micro- 
scopes designed to utilize U.V. radiation in 
place of visible light. Because of the selective 
absorption of the rays, structures can be 
differentiated without staining, and negligible 
depth of field makes “optical sectioning" 
possible — i.e., the photography of thin sec- 
tions selected simply by focusing and not by 
actual cutting. 

Since glass absorbs all radiations shorter 
than about 3,500 A. every optical component, 
including slides and coverslips, must be made 
of quartz for this type of work. And because it 
is difficult to achromatize objectives for more 
than a single waveband, a cadmium arc is 
commonly used as the source of U.V. radia- 
tions. This source gives strong emission lines 
at 2,750 A. and 2,573 A. either of which 
can be selected to illuminate the specimen by a 
monochromator. 

The optical system is first centred and focused 
visually using a mercury-vapour arc as the 
illuminant. After changing over to the cadmium 
high-tension spark system the image is no 
longer visible and final adjustments are made 
by means of an “artificial eye” consisting of a 
fluorescing uranium glass screen over which is 
mounted a strong field lens. This separate 
focusing system presents a small visible image 
and bears a definite relation to the true focal 
plane at which the actual exposures are made. 
Optical sections of the preparation are photo- 
graphed by making a series of exposures 
between which the microscope focusing control 
is advanced by a known small amount. 

In this way it is possible to make extremely 
detailed studies of planes J/u. thick at magnifi- 
cations ranging from 1,000 to 3,000 diameters. 

Colour translating U.V. microscope: an 
ingenious elaboration of normal U.V. micro- 
scopy has been developed in recent years. 
The system was originally intended to provide 
coloured images of unstained biological 
specimens, the colour differences being related 
to the chemical constitution of the material. 

Three U.V. photomicrographs are prepared 
of the same field using wavelengths of 2,630, 
2,580 and 2,370 A. respectively. Differing 
selective absorption in these three bands pro- 
duces corresponding differences in the three 
negatives. These three photographs are then 
projected through red, green and blue filters, 
the individually coloured images being super- 
imposed for final examination. In the original 
system the negatives obtained by the shortest 
U.V. band were projected through a red filter 
and the longest through a blue filter, thus 
inverting the sequence of wavelengths, but 
other combinations are possible. 

Fluorescence microscopy: the general prin- 
ciples of fluorescence photography may be 
applied with equal effect to microscopy. The 
presence of fluorescing chemicals may thus be 
detected on a microscopic scale and tissues 
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and organisms may be made to take up fluores- 
cent dyes which will subsequently show up 
brilliantly against a dark field. 

Normal microscope equipment may be used, 
although any mirror should be made of pol ished 
aluminium as silver is a poor reflector of U.V. 
For best visual results a heavy yellow (minus 
blue) filter is placed within or over the viewing 
eyepiece; but for photography it may be pre- 
ferable to allow a certain amount of visible 


blue and violet tight to be transmitted to give a 
direct indication of the relationship between 
the specimen and the fluorescence. This 
technique is not yet in general use, but it may 
be applied to the examination of unstained 
material ; it should be regarded as a supplement 
to normal photomicrography. P.H. 

Sec also : Fluorescence; Negative materials; Spectrograph y. 

Books: Infra-red and Ultra-violet Photography, by 
Eastman Kodak (Rochester, U.S.A.). 


UNDER-DEVELOPMENT. Fault indicating 
that the developing solution did not act long 
enough on the sensitized material to produce 
an acceptable result. 

Negatives. An under-developed negative looks 
thin and lacks contrast. All the detail is clearly 
visible, but the highlights lack density. It is 
easy to distinguish from an under-exposed 
negative which has been correctly developed. 
The under-exposed negative is thin also, but 
in this case there is no shadow detail, and the 
brightest highlights may be somewhere near 
maximum density. 

A normal print from an under-developed 
negative is flat, lacking in contrast and with no 
real black tones. 

Assuming that the developer is correctly 
mixed and fresh, under-development may be 
caused by a mistake in working out the time of 
development for the sensitized material in the 
particular developer used or it may be simply 
due to faulty timing or to insufficient agitation. 
Other possible causes are that the developer 
concentration was too low, or exhausted, or 
that the time of development was not adjusted 
to allow for a drop in temperature or for the 
number of films already developed in the same 
solution. 

When developing by inspection, under- 
development may be due to the photographer’s 
inability to judge the appearance of a fully 
developed negative. 

An under-developed negative may be 
bleached and redeveloped as in intensifying. 
This treatment can result in a negative indis- 
tinguishable from one correctly developed in the 
first case. 

If the amount of under-development is 
slight, the remedy may simply be to print it 
on a harder, grade of paper to restore the con- 
trast. 

Under-development can be avoided by 
mixing and using the developer according to 
the maker’s instructions, and by using a 
reliable developing chart which shows the 
time of development of the particular sensitized 
material. Such a guide should be used in con- 
junction with a careful watch on temperature, 
agitation and age and previous use of the solu- 
tion. 

When developing by time and temperature 
it is always advisable to work to a darkroom 


timer that rings a bell at the end of the required 
development period. 

Where the photographer finds difficulty in 
judging the appearance of negatives developed 
by inspection, the wisest course is to desensi- 
tize the material and develop it by green light. 
It is always safe to develop until the shadow 
detail can be seen showing through the back of 
the emulsion. 

Prints. An under-developed print looks pale 
and washed out. If it was correctly exposed, it 
will show detail in both highlights and shadows, 
but there will be no black tones even in the 
deepest shadow areas. If anything, the tones 
will be mottled, tinged with a trace of reddish 
brown. The image will tend to show up more 
strongly in some parts than in others. 

An under-exposed print, that has received 
normal development, looks quite different. In 
this case the image is weak, but there is no 
highlight detail and the shadows are light in 
tone with only a few, if any, real black areas. 

Since prints are developed by inspection, the 
only reason for failing to leave the print in the 
solution long enough is sheer inability to 
recognize a fully developed print. Most be- 
ginners tend to lift the print out too soon: the 
tones always look darker when the print is in 
the developer than when it is finally dried and 
looked at in daylight. 

Contact paper requires a more concentrated 
developer than bromide paper, and under- 
development will result if contact prints are 
developed in a solution mixed in error to 
bromide paper strength. 

If the temperature of a MQ developer is 
allowed to fall much below 60° F. (15-5° C.) 
it will produce under-development. 

There is no difficulty in avoiding under- 
development once the characteristic appearance 
of a correctly exposed print in the darkroom 
has been learned by experience. When ready- 
made developers are used, the maker’s instruc- 
tions for mixing and using should be followed 
in detail. In particular, the temperature of the 
bath should ideally be maintained at 68° F. 
(20° C.). 

Generally, contact prints are fully developed 
in 20 to 30 seconds and bromide prints in 2 to 
3 minutes. 

See also: Developing negatives; Developing prints; Faults, 
U hder-exposure. 
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UNDER-EXPOSURE. Fault indicating that 
the image formed on the sensitized material 
was either not bright enough or was not 
allowed to act long enough during exposure to 
produce an acceptable image on development. 
Negatives. The appearance of an under- 
exposed negative is characteristic: the shadow 
areas are clear emulsion without any trace of 
detail or gradation and only the highlights 
show a black silver deposit. It is easy to tell 
the difference between an under-exposed nega- 
tive and one that has been correctly exposed, 
but under-developed. The under-developed 
negative will bear a distinct but thin image of 
shadow detail, but the highlight areas will lack 
density and appear greyish. An under-exposed 
negative looks contrasty but generally gives flat 
contrast in the shadows. An under-developed 
negative looks flat and gives a soft, flat print 
with no strong contrast at either end of the 
scale. 

The commonest cause of under-exposure is 
simply failure to estimate or measure the 
light intensity accurately, and to adjust the 
shutter speed and lens aperture to give an 
adequate exposure to the sensitized material in 
use. 

In flash photography it may be the result 
of faulty synchronization or of wrong calcula- 
tion of the stop and subject distance. 

In the first place, the method of estimation 
may be faulty, or the exposure meter may be 
faulty, or it may not have been set for the right 
speed of sensitized material. It is also possible 
that the meter has been used incorrectly— e.g., 
pointed too much towards the sky — or that the 
correct allowance has not been made for such 
additional factors as subject brightness and 
contrast, the filter in use, the direction or colour 
temperature of the light, and the developer 
which will be used — some fine-grain developers 
reduce the effective emulsion speed and 
call for a substantial increase in exposure time. 

The shutter and aperture settings may have 
been incorrectly calculated from the meter 
reading, or one of them may have been changed 
without a corresponding change being made in 
the other. 

Finally, the shutter itself may be faulty. 

There is very little that can be done about an 
under-exposed negative. If the exposure has 
been insufficient to record detail in the 
shadows, no subsequent processing can put it 
there. Continued development simply in- 
creases the density of the highlights, making 
them print out whiter and whiter, while the 
shadows remain a featureless black. Un- 
fortunately, it is a natural tendency among 
photographers to try to counteract the effects 
of known or suspected under-exposure by 
increased development of the negative. This 
results in the familiar “soot and whitewash” 
appearance of beginners’ prints. 

Intensification is no more likely to succeed 
than over-development, and the results are 
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similar. The only aftertreatment likely to yield 
a better picture is optical intensification — i.e., 
the negative is set up against a white background 
and copied by reflected light. Even this 
method is useless unless there is some slight 
suggestion of detail in the shadows. 

Under-exposure can be prevented by using a 
reliable meter and interpreting its reading 
intelligently, taking into consideration all the 
other factors, in addition to the prevailing 
light, that determine the correct exposure. 

If negatives are consistently under-exposed 
after checking all the above points, it is pro- 
bable that either the exposure meter or the 
camera shutter needs checking. 

Prints. An under-exposed print looks pale and 
washed-out. The shadows are grey and the 
highlights are featureless areas of blank paper. 
Such a print cannot be improved by being left 
in the developer. 

An under-exposed print can be distinguished 
from one that has been correctly exposed but 
under-developed by the fact that in the under- 
developed print all the detail in both high- 
lights and shadows is visible but there are no 
good black tones anywhere. If anything, the 
tones in an under-developed print tend to be 
of a warm or muddy colour and in extreme 
cases may be mottled. In an under-exposed 
print, most of the detail is absent and all 
visible tones are a light grey except in the 
extreme shadows. 

The print has not been left long enough 
under the printing light. If a test strip was 
used, then the section selected as giving the 
best reproduction may have been too pale. It 
is important to remember that the image tones 
always look darker under the safelight, especi- 
ally a deep orange one, than they do in the 
finished print in daylight. 

In enlarging, the trouble may be that the 
scale of enlargment has been increased with- 
out making a corresponding change in the 
exposure. Or the lens may have been opened 
up a stop and the exposure halved when, 
owing to the concentration of light rays at the 
centre of the lens, very little reduction should 
have been made. 

If an automatic timer is used for the exposure, 
it may not be giving times that correspond 
with the times of the test strip. 

Nothing can be done to improve the tones of 
an under-exposed print. 

The remedy for under-exposure is to make 
one or more tests on strips of paper from the 
same packet and to choose the section that 
looks just too dark under the safelight. If a 
big change is made in either the magnification 
or the lens aperture, a fresh test should be 
made. 

Both the test strip and the finis hed print 
should be developed for the full time recom- 
mended by the maker of the paper to obtain 
the best image quality. 

See also: Exposure; Faults: Under-development. 
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UNDERWATER PHOTOGRAPHY 


The development of “frogman” equipment 
has opened a new field of photography pre- 
viously closed by the cumbersome nature of the 
conventional diving suit, weighted boots and 
air pipes. 

Special types of sealed underwater camera 
casings and flash equipment are now available, 
and at some sea and lake-side holiday resorts 
the complete equipment may be hired. 

Early attempts at underwater photography 
were made either from the bottom of wide 
cylinders floored with glass or by sinking the 
camera in a watertight, glass-fronted container 
and operating the shutter by electricity. Louis 
Boutan took submarine photographs in 1893 
with a 9 x 12 ins. plate camera in such a box. 
Daylight illumination was generally all that 
could be hoped for, but some experiments were 
made with glazed watertight boxes containing 
flash powder which was ignited by current 
from a battery at the surface or even by compli- 
cated mechanical arrangements. 

Ml these attempts, however, had to be made 
in shallow water because the photographer had 
to remain on the surface. It was only after the 
technique and equipment for “skin diving” 
became popular that the problems of sub- 
marine photography with hand-held cameras 
received serious attention. 



UNDERWATER HOUSING. Us.ally underwater housings 
have to be designed for individual cameras. This model for a 
twin-lens reflex has outside controls for all the camera opera- 
tions, and will also take a flash unit. The controls are linked to 
a suitable coupling mechanism inside the case, and pass 
through water-tight glands in the body. 


EQUIPMENT 

There are no cameras specially manufactured 
for underwater photography; it is easier and 
cheaper to take a suitable existing type of 
camera and enclose it in a protective covering. 
Camera Container. The container, as well as 
protecting the camera from contact with the 
water, must also be able to withstand the con- 
siderable pressures which are encountered. At 
a depth of 10 feet the water exerts a pressure of 
4-35 pounds per square inch, so that on the 
side of a box 5 ins. square there is a total 
weight of about one hundredweight. At 100 
feet (and photographs are regularly taken at 
even greater depths) the weight on the side of 
such a box would be half a ton. 

There are three principal ways of dealing 
with the pressure problem, resulting in three 
different types of container; pressure resis- 
tant, rigid; balanced pressure, rigid; and 
balanced pressure, flexible. Of these only the 
pressure-resistant types are really safe and 
efficient. 

Pressure-Resistant Rigid Types. The camera is 
sealed inside a rigid case which is either of 
metal, equipped with a window for the lens, 
or of transparent plastic which may or may not 
have a separate glass window. The camera is 
controlled by external levers which operate 
through pressure-tight glands in the case. The 
more elaborate of such containers provide for 
operating all the normal camera controls plus a 
watertight cable connexion for synchronized 
flash pictures. 

Simpler models provide only for advancing 
the film and setting the shutter; the focusing 
scale and aperture are set before closing the 
container. A number of manufacturers offer 
cases of this type specially designed for their 
own cameras, but there are also models which 
will take a number of popular makes. 
Pressure-Equalizing Rigid Types. In this type 
the case is watertight but not pressure-tight; 
the internal air pressure is kept the same as the 
external water pressure by admitting com- 
pressed air from a cylinder carried separately. 
A non-retum valve in the casing is set so that 
it allows air to escape as soon as the internal 
pressure rises slightly above the external. 

In practice the compressed air valve is 
opened until air just begins to bubble from the 
relief valve at that particular operational depth. 
If the photographer goes down farther he must 
once again admit air to raise the pressure to 
suit the greater depth. On the way back to the 
surface the relief valve blows off the excess 
pressure automatically. 

Pressure-Equalizing Flexible Types. One possible 
way of maintaining the pressure inside and 
out at the same level is to enclose the camera 
in a flexible rubber or plastic bag, or in a 
chamber connected to such a bag. This flexible 
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membrane equalizes the pressure and allows 
the photographer to manipulate the camera 
controls. The oldest set-up used by Louis 
Boutan worked on this principle; he simply 
attached a rubber bag to the watertight box 
holding the camera. 

Viewfinder. Most underwater camera con- 
tainers are equipped with an external direct 
vision frame finder. This must be registered 
with the camera viewfinder and corrected in 
use for the refraction error and for parallax 
(which is greater than usual because of the 
increased separation between finder and lens). 
One twin lens reflex container has a trans- 
parent visor incorporating a prism and focusing 
magnifier so that the photographer can sight 
and focus with the box in front of him instead 
of having to look down at it — a proceeding 
which would be difficult or impossible while 
swimming. 

The best viewfinder is, however, a simple 
gunsight because the field of view of a good 
wide-angle lens is greater than that of the 
diving mask. Through the latter it is therefore 
difficult to see the limit of the finder field. 
Refraction Error. Rays of light from an under- 
water subject pass first through the water and 
then through the air inside the container before 
they reach the camera lens. As they pass from 
one transparent medium to the other they 
undergo refraction. The effect of the refraction 
in this case is to bend the rays outwards before 
they reach the lens exactly as though a weak 
diverging lens had been placed in front of the 
camera lens. This has the effect of increasing 
the focal length of the camera lens and narrow- 
ing the field in the ratio of the index of refrac- 
tion water-air — i.e., 4-3. So that with the lens 
set for objects at a distance of 10 feet it would 
actually be focused on (10 x4)/3 feet, i.e., 13-3 
feet. In other words to focus the lens on under- 
water objects at 10 feet, the scale should be set 
to 10 x 3/4 = 7-5 feet. And as the field of the 
lens is correspondingly reduced, due allowance 
must be made in using the viewfinder. 

Most modern camera containers have a 
system of correcting lenses instead of lens 
window to correct for the refraction error and 
restore the normal optical conditions. In such 
cases the camera lens is focused by setting the 
focusing scale to the actual measured subject 
distance D instead of to (D x 3)/4. 
Condensation. As the temperature of the water 
is generally lower than that of the air at the 
surface, there is always a tendency for moisture 
to condense on the inside of the viewing and 
taking windows in plastic containers. This is 
particularly so with the flexible pressure- 
equalizing types when the air becomes com- 
pressed. In a metal container any condensa- 
tion takes place on the metal which is colder 
than the glass. 

The Camera. For a number of reasons, the 
smaller the camera the better; it is easier 
to design a pressure-tight container for a 



USE OF UNDERWATER CORRECTION LENS. Top: Difference 
of refractive indices together with flat window causes dis- 
tortion and reduces angle of view. Bottom: The Ivanoff correc- 
tion lens eliminates aberrations caused by refraction in water, 
and compensates for reduced angle of view and for apparent 
reduction in subject distances. Beyond the wavy line ( the 
"blue wall") water turbidity makes sharp images impossible. 

small camera; the complete outfit is so much 
easier to mancEUvre in the water; the in- 
creased depth of field of the lens is a great 
advantage at the large apertures required 
under water. The 35 mm. miniatures with 
coupled shutter setting and film transport cut 
down the number of control openings in the 
container, and they have the further recommen- 
dation of taking thirty-six exposures or more 
without surfacing to change the film. 

The most popular cameras for submarine 
photography are undoubtedly the 35 mm. 
miniature and the 2£ ins. square twin lens 
reflex. Some work has been done with 35 mm. 
stereo cameras and there exists a whole 
technique of underwater cinematography. 
Lighting Equipment. Daylight is only effective 
for shallow water, more especially where 
there is a light sandy bottom and plenty of 
sunlight. For the depths now common in skin 
diving, some source of artificial light is neces- 
sary. As far back as the beginning of the cen- 
tury electrically-fired magnesium powder flash- 
light was employed and today the principal 
sources are expendable bulb and electronic 
flash. 

Flash Bulb. It is a fairly simple matter to fit a 
flash bulb in a water-and-pressure-tight reflector 
and synchronize it with the camera; the real 
difficulty lies in changing the bulb without 
surfacing to do it. One solution consists of a 
fiat circular box having a dozen flash bulbs 
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mounted radially so that each bulb can be 
brought in turn behind a window in the front 
of the box. As each bulb comes into position it 
is automatically connected into the circuit. 

Another method is to dispense with water- 
proofing for the bulb and reflector and only 
seal the leads from the battery box to the lamp 
socket. The bulbs are fired by a capacitor which 
supplies enough energy to fire the flash bulb 
even when the contacts are immersed in the 
conducting sea water. This method allows the 
photographer to take a supply of spare bulbs 
with him and even to select a bulb of the right 
power for any particular subject or distance. 

Flash bulbs are usually preferred for colour 
work and wherever the maximum illumination 
is called for, since it is just as easy to fire a large 
bulb as a small one. The contrast is, however, 
liable to be excessive. 

Electronic Flash. Where the photographer is 
concentrating on close-up subjects, a portable 
electronic flash of about fifty joules will pro- 
vide all the light necessary. This has the 
advantage that it can be used again and again 
without changing the bulb. The usual arrange- 
ment is to mount the flash head and reflector 
on the camera container or even inside the 
container, while the power pack is carried 
separately — e.g., strapped to the photographer’s 
waist — and connected by waterproofed cables. 

One electronic flash unit manufactured 
specially for underwater photography is 
entirely self-contained, flash head and reflector 
and power pack being housed in a watertight 
“torpedo” with the flash in the nose. The only 
connexion to the camera is the synchronizing 
cable. This is a much safer arrangement as it 
does not involve the risk of power cables 
coming loose. 

Continuous Lighting. For underwater cinema- 
tography and for exploring dark waters— e.g., 
in subterranean rivers and lakes — a continuous 
source of light must be carried. One lighting 
unit for this work consists of a “torpedo” 
carrying a pack of special accumulators which 
provide current for a 1,000 watt projection 
type bulb in a reflector in the nose. The battery 
also provides power for an electric motor which 


drives a propeller at the rear end of the unit, 
making it easy for the operator to manceuvre 
the equipment. 

Underwater cinematograph pictures in black- 
and-white and colour have also been taken by 
the light of chemical pyrotechnic mixtures 
which are capable of burning when submerged 
in water and which emit a brilliant light but of 
little actinic value owing to the smoke sur- 
rounding the flame. 

Diving Equipment. The most simple equipment 
available for diving is the frogman-type fins, 
for the feet, which assist movement through the 
water. In addition, simple goggles and masks 
can be obtained to keep the water away from 
the eyes. 

To permit submersion times of some length, 
a snorkel breathing tube can be used. This fits 
over the mouth and projects above the surface 
of the water; a simple valve at the end prevents 
water from coming down the tube if the water 
surface is turbulent. It is only possible to swim 
close to the surface with this equipment, and 
it can only be used in calm weather. 

With the more elaborate aqualung breathing 
apparatus, the diver can stay under for much 
longer times with absolute safety. The equip- 
ment is expensive to buy, but can be sometimes 
hired on the spot. 

TECHNIQUE 

In southern seas the sun shines down through 
clear water and photography is comparatively 
easy without flash equipment. Most of the 
difficulties occur in northern seas. Here the 
“landscape” is dull and misty and the sea 
bottom is peopled by small creatures which are 
experts in camouflaging both their colour and 
shape. The feeble light and the small size of the 
subjects call for special methods of photo- 
graphy. 

Subjects. The problem of the small size of 
the - subject can only be solved by working 
close to it and producing a large image in the 
first place. Working with a long-focus lens 
from a distance is not satisfactory because of 
the murkiness of the water; for the same reason 



UNDERWATER TORPEDO. The complete casing incorporates an electronic flash unit, and on some models an electric driving motor 
which even pulls the swimmer along. The front of the torpedo carries the flash tube, the centre the capacitors and accumulators 
and the rear portion holds the controls as well as the camera in its own pressure-proof casing. 
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COLOURS UNDER WATER. Water acts as a strong filter and 
cuts out some of the colours of white sunlight. At 3 feet below 
the surface, half the red is filtered away; at 16 feet all red, 
at 33 feet all orange, at 66 feet all yellow and violet. At IOO 
feet everything looks blue~grey. Electronic flash or other 
artificial light will of course show a full range of colours. 

the quality of a small image taken from a 
normal viewing distance is too poor to give a 
good enlargement. 

One successful underwater photographer gets 
over the difficulty by using a miniature reflex 
camera with supplementary lenses of 3, 6 and 9 
diopters — i.e., with focal lengths of 13 ins. 
(33 cm.), 26 ins. (67 cm.), and 39 ins. (100 cm.). 
These give a satisfactory range of working 
distance used with the normal camera lens. 

The image is viewed and focused in the 
focusing screen through a window in the water- 
proof casing. As the light is so weak, the lens 
must be worked at full aperture so the depth of 
field is small. This means that generally only a 
part of the subject can be rendered sharply. 

Suitable subjects for underwater photo- 
graphy near the surface include other swim- 
mers, surface fish and even waves. More sub- 
jects are found as one goes deeper: free-helmet 
divers, all fish, wrecks, caves, coral jungles, 
strange animals, and many wonderful colours. 
Exposure and Lighting. Exposures in good day- 
light at depths down to about twenty feet are 
around 1/25 second at /2 to f 4 on a medium 
speed panchromatic film. 

Below twenty feet the light falls off rapidly 
and daylight exposures are out of the question. 
In practice, electronic flash has been found to 
be the ideal form of lighting. 

Experience has shown that underwater 
photographs taken by flashlight alone are un- 


satisfactory. So much of the light of the flash 
is lost by absorption and diffusion by suspended 
particles in the water that its intensity falls off 
very rapidly indeed. The result is that the 
subject may be brightly illuminated, but the 
background and surrounding objects may not 
receive enough light to register even a faint 
image. So the picture shows the subject alone 
with nothing to indicate where it was taken. 
(The same effect may be observed when a 
swimmer is photographed at night by flash- 
light.) 

This is the effect that is produced if the 
electronic flash is synchronized with a fast 
shutter speed. The best photographs are those 
in which the shutter is open long enough for 
the existing daylight to record the general 
scene while the flash simply adds the more 
important highlighting of the subject itself. 
This technique has the advantage of allowing 
the Tyndall effect to become noticeable. 

The Tyndall effect is the characteristic 
"spangled” appearance caused by sunlight 
reflected from solid particles suspended in the 
path of the rays, similar to sunlight shining 
into a dusty atmosphere. This phenomenon 
gives an essential touch of authenticity to an 
underwater picture; it does not appear in 
photographs made by flash alone. 

Sensitive Material. For pictures in black-and- 
white, a fairly fine grain film must be used as 
the suspended matter in the water gives the 
appearance of grain in any case. It should also 
be a contrasty emulsion to make the most of 
the limited tone range of the subject. A medium 
speed panchromatic film is generally satis- 
factory; there is not enough light to allow 
slower film to be used. 

Colour. Black-and-white pictures of life below 
the surface of sea or lake are apt to be unin- 
teresting. Animal, vegetable, and mineral 
worlds are of more or less the same tone ; there 
are no great contrasts and only small differ- 
ences in colour. Most things are coloured 
either green or brown, and there is only a very 
subdued play of light and shade (they do 
however, become bright red and yellow if one 
dives deep enough). Reproduced within the 
short grey scale of monochrome film, these 
slight variations tend to merge and become 
unrecognizable. 

Only colour photographs can convey a 
satisfactory impression. These are inevitably 
of an over-all greenish cast, but this is a 
natural characteristic of underwater photo- 
graphy. Electronic flash illumination gives 
enough light for colour pictures on reversal 
material, and some excellent transparencies 
have been made in this way. 

Because the colour temperature of the flash 
is almost that of daylight, the colours of the 
transparency are the colours that the subject 
would exhibit at the surface, and not as they 
appear on the sea bottom. Water absorbs more 
and more of the various wavelengths at in- 
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creasing depths, and at 40 feet a red crab looks 
black because the red rays have all been filtered 
out at that depth. The electronic flash, how- 
ever, records it as red if it is used very close to 
the subject, and this fact must be remem- 


bered when looking at underwater colour 
transparencies made in this way. B.U. 

See also: Marine photography. 

Book: A Guide to Underwater Photography, by D. 
Rebikoff and P. Chemey (New York). 


UNIFORM SYSTEM (U.S.) System of stop 
numbers proposed in 1881 by the Royal 
Photographic Society. Based on/4 as the unit, a 
stop requiring twice the exposure was marked 
2; three times the exposure, 3; half the expo- 
sure, t, and so on. The idea never became 
popular and has not been used for at least 
twenty years. 

However, the practice of marking enlarging 
lenses to indicate relative exposures is on the 
increase. These lenses are marked with num- 


bers in the series 1, 2, 4, 8, 16 and so on, taking 
the larger stop as equal to 1. 

See also : Diaphragms. 

UNION OF SOVIET SOCIALIST REPUB- 
LICS. Photography in the U.S.S.R. had its 
beginnings in the pre-revolutionary period. 
The development of photography in the Soviet 
Union is therefore considered together with 
this earlier phase. 

See also: Russia and the U.S.S.R. 


UNITED STATES OF AMERICA 


Towards the end of September, 1839, less 
than a month after the public disclosure by the 
French Government of Daguerre’s invention, 
daguerreotypes were being taken in the United 
States. Of the several scientifically-minded 
men who re-created Daguerre’s technique from 
the detailed specifications contained in his 
instruction manual, the most prominent was 
Samuel F. B. Morse (1791-1872), best known 
for his work in the development of the electric 
telegraph. 

Daguerreotypes. Morse showed his first 
successful daguerreotype, a view of a church 
in New York taken with an exposure of 15 
minutes, on 28th September, 1839. Most early 
daguerreotypes, like Morse’s, were views of 
buildings, to judge from the accounts of them. 
Only one has survived; a small (II x 2 ins.) 
and imperfect view of the Philadelphia Mint, 
taken by Joseph Saxton in October, 1839. Not 
until Francois Gouraud (died about 1848) 
arrived from Paris in November, to teach and 
demonstrate the process, did daguerreotyping 
become firmly established in America. His first 
step on arriving in New York was to arrange 
an exhibition of daguerreotypes taken by 
Daguerre himself. The display was a revelation, 
for Americans had no idea of the potentials of 
the process, and the pictures on view were 
vastly superior to anything which had been 
done in America. Gouraud gave private instruc- 
tion in daguerreotype; S. F. B. Morse was one 
of his first pupils. 

Within a matter of months, Americans began 
to improve the process, particularly with a 
view to making portraits. In New York, 
Alexander S. Wolcott (1804-44) and John 
Johnson (active 1839) patented a new kind of 
camera, in which a mirror was used instead of 
a lens, and with their invention they were able 
to take miniature portraits. It is hardly possible, 
owing to lack of documentation, to single out 


any one of the pioneer daguerreotypists as the 
first to make a portrait. There is evidence that 
Wolcott, Morse, John W. Draper (1811-82), 
and the Philadelphian Robert Cornelius 
(1809-1903) all took portraits before the year 
1839 had come to a close. The question is 
academic, for portraiture was not practical. 
The sitters had to suffer the direct sun for 
minutes on end and the results were very small. 

By 1841 portraitists opened galleries in all 
leading American cities. Yankee ingenuity 
overcame many of the problems of preparing 
plates and making them more light-sensitive, 
and soon American daguerreotypes received 
critical acclaim abroad; in the London Crystal 
Palace Exhibition of 1851, for example, more 
prizes were awarded for photographic displays 
to Americans than to any others. Daguerre- 
otyping was not limited to portraiture, and 
magnificent daguerreotypes of city views, 
landscapes, buildings, locomotives, ships, 
steamers and even news events exist. 

The daguerreotype lingered longer in America 
than in England or on the Continent, and was 
not entirely displaced until the late 1860's. 

- The paper negative technique published by 
William Henry Fox Talbot in London just 
before the disclosure of the daguerreotype was 
hardly used at all in America. The only pro- 
fessional use of Talbot’s invention was by the 
Philadelphia firm of William Langenheim 
(1807-74) and Frederick Langenheim (1809- 
79), who bought the American rights for the 
patent. They had, however, small success in 
promoting the process, perhaps because 
Americans preferred the brilliant detail of the 
daguerreotype, and perhaps because photo- 
graphers resented having to pay a licence fee, 
when the daguerreotype could be practised at 
no cost. 

Two glass plate techniques were patented in 
1 850, both apparentlyidentical with the albumen 
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plate process of the Frenchman Niepce de 
Saint- Victor. The Langenheim brothers showed, 
at the London Crystal Palace, positives on glass 
which they called hyalotypes, and in Boston 
John Adams Whipple (1823-91) launched his 
crystallotypes. Although neither process was 
suited to portraiture, owing to extreme lack of 
sensitivity of the albumen emulsion, they 
proved useful for making copy negatives of 
daguerreotypes from which an unlimited 
number of paper prints could be made. 

Collodion Process. To the nineteenth century 
American daguerreotypist, photography meant 
but one thing: the collodion process of Frederick 
Scott Archer, invented in England in 1851. One 
by one, and not without real regrets, daguerreo- 
typists gave up the silvered copper plate, buff 
stick, coating box and mercury bath for the 
glass plate, collodion vial, and silver bath of the 
wet plate worker. 

The new collodion process was first used in 
America to make imitations of daguerreotypes. 
The ambrotype was simply a direct positive, 
made on a collodion plate, backed with black. 
The technique, unsuccessfully patented in 
1854, was in use through the Civil War. The 
tintype, called the ferrotype or the melaniotype 
when it was patented in 1856, was identical 
with the ambrotype, except that a sheet of 
iron, japanned black, was substituted for glass. 
Because the materials were inexpensive, the 
technique simple and the processing rapid, 
tintypes became extremely popular for infor- 
mal portraiture. 

The first widespread use of the collodion 
process f or making negatives was by portraitists 
who supplied cartes-de-visite and by travelling 
photographers who made stereoscopic views. 
Stereoscopy. If stereoscopic photography was 
slow in starting in America, it quickly grew 
into a major part of the photographic industry. 
Following the publicity of the stereoscopic 
daguerreotypes shown at the Crystal Palace in 
London in 1851, a few experiments were tried 
in America. Southworth and Hawes in Boston 
built a mammoth Wheatstone viewer to take 
whole plate (6i x 8i ins.) daguerreotypes, 
and charged admission. A daguerreotype case, 
with viewing lenses set in a flap inside the cover, 
was patented in 1853. But the daguerreotype 
was not suited to stereoscopic work, because 
it was difficult to view the mirror-like images. 

At the time the Civil War broke out, stereo 
was part of the American scene. Oliver Wendell 
Holmes (1809-94), physician, philosopher and 
writer, devised a simple skeleton-type viewer 
and wrote on the pleasures of collecting in the 
Atlantic Monthly. The stereoscopic camera 
became an important tool for showing America 
to Americans. 

Documentary Photography. The value of photo- 
graphy as a means of preserving for the future 
the very look of a place and a time was early 
recognized in America. Portraits of famous 
Americans were collected to form National 


Galleries of Daguerreotype Miniatures. One 
of the first to form such a collection was 
Mathew B. Brady (1 823-96), a maker of 
leather cases for instruments and miniatures, 
who became interested in daguerreotypes when 
he began to make cases to hold them. In 1844, 
he opened a daguerreotype gallery in New York, 
which became the fashionable place to have 
one’s likeness taken. Soon he had a gallery in 
Washington. He published a folio volume of 
lithographs made from daguerreotypes which 
he had collected. It was a failure, but Brady 
was established as a photographic historian. 

When the Civil War broke out, Brady deter- 
mined to make an historical record by means of 
photography. Collodion plates had replaced 
the daguerreotype, and Brady sent out operators 
into the field with a travelling darkroom. The 
result of this undertaking was the creation of a 
vast record of the war. Thousands of pictures 
were taken, which Brady published. His 
cameramen were equipped with both view 
cameras and stereoscopic cameras, so that the 
record exists in three-dimensional form as well 
as in large single prints. The scheme was a bold 
one, but it was the financial ruin of Brady. 
After the war people did not want to be 
reminded of what the country had been through 
and did not buy prints. One part of his collec- 
tion was sold for non-payment of storage and 
acquired by the War Department; it is now in 
the National Archives. Another part eventually 
found its way into the Library of Congress. 

Some of the photographers who had created 
Brady’s project went West with government 
surveys to photograph the unknown parts of 
the country and the building of the trans- 
continental railroad; from their photographs 
we have a vivid picture of the opening of the 
American West. 

Eadweard Muybridge (1830-1904), an 
Englishman who had emigrated to California, 
was the first successfully to photograph a horse 
in full gallop. He was asked to undertake this 
seemingly impossible assignment in 1872 by 
Governor Leland Stanford, who owned exten- 
sive stables in California and was a great 
student of hippology as well as a racing man. 
Muybridge succeeded in the summer of 1878 
by using a battery of cameras, a white-washed 
background, and a track sprinkled with pow- 
dered lime. 

Although he was using the slow wet collo- 
dion process, he secured remarkably detailed 
photographs showing clearly the position of a 
horse’s feet in the gallop, the trot, the walk and 
the pace. In 1885, using dry plates and per- 
fected cameras, he produced over 700 sequence 
photographs of the human figure and all kinds 
of animals. They were published in folio plates 
as Animal Locomotion. His analytical photo- 
graphs of action were at first disbelieved. In 
1880, to prove their validity, he reconstructed 
the original action by projecting each photo- 
graph of the sequence on a screen in rapid 
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succession. The result, though crude, was the 
first moving picture. 

Dry Plates. American photographers shared 
with their overseas brothers impatience with 
the wet-plate process, which chained the photo- 
grapher to a dark tent, in which to prepare the 
fugitive sensitive material. Attempts to in- 
crease the sensitive life of collodion by the 
addition of hygroscopic materials to keep the 
emulsion moist were not successful. Carey Lea 
of Philadelphia (the first American photo- 
graphic scientist to win international recogni- 
tion) devised a dry collodion technique, but 
the plates were very slow. 

Gelatin dry plates, which eliminated all 
drawbacks of the collodion process, were 
invented by the Englishman, Richard Leach 
Maddox, in 1871. The first American known 
to have used this process was a Rochester, 
New York, bank clerk named George Eastman, 
who in 1877 imported gelatino-bromide emul- 
sion in shredded form (known as pellicles) 
from England. He had taken up photography 
as an amateur, and quickly became dis- 
satisfied with the collodion process. Reading 
in English periodicals of the new dry plate 
experiments, he at once began to investigate 
the process. Within a year he was making his 
own emulsion, following Charles Bennett’s 
formula. His friends found his plates so good 
that he decided to go into the business of mak- 
ing them. He visited England in 1879 with 
drawings for a plate-coating machine which he 
patented, and on his return began to build a 
factory. In 1880 he was in business for himself. 
Roll Film. Before many years, Eastman had 
devised a substitute for glass plates: Tollable 
sensitive material to fit into a roll holder that 
could be put on any standard camera. He called 
this new material American Film. It was paper, 
coated with, first, a layer of soluble gelatin, 
and second, light-sensitive gelatin. After 
development and fixing, he stripped the layer 
of gelatin which bore the camera image from 
the paper support, dried it in contact with a 
piece of clear gelatin, and thus produced a 
transparent negative. It was an awkward 
technique so far as the processing was con- 
cerned. But it enabled him to design in 1888, a 
small, hand-held camera, loaded with material 
for one hundred pictures, which was simple to 
operate. After the last picture had been taken, 
the entire camera was returned to the Eastman 
factory, where the film was processed by 
experts, and a hundred mounted prints were 
returned. Eastman named this new camera of 
his the Kodak, a word invented by him. 

The Kodak was typical of the many hand 
cameras which made possible a new kind of 
photography. No skill was required, and any- 
body could take pictures of a sort simply by 
pressing a button. Within a year, Eastman 
introduced a much superior sensitive material, 
a true film of transparent cellulose nitrate, 
coated with gelatin emulsion. It was this film 
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which Edison used in his motion picture 
system. 

The Amateur. The dry plate and film develop- 
ments led to an enormous increase in amateur 
photography, which had begun in America 
with the introduction of the collodion process. 
A lively Amateur Photographic Exchange Gub 
flourished just before the outbreak of the 
Civil War in 1861. But the new dry processes 
of the 1880’s so facilitated photography that 
more and more people were attracted to it as 
an avocation. 

It was the amateur who established pictorial 
photography in America. One man was re- 
sponsible for focusing the attention of American 
photographers on the aesthetic: Alfred Stie- 
glitz (1864-1946). He first became interested in 
photography in Berlin, where he became a 
student of Hermann Wilhelm Vogel, the great 
photographic scientist who discovered spectral 
sensitizing of photographic materials by the 
use of dyes. Under Vogel’s instruction, Stieglitz 
gained a thorough technical knowledge and put 
this to use in making photographs which in- 
stantly won critical praise. England was the 
home of artistic photography in the 1880’s, 
and Stieglitz’s photographs appeared in every 
exhibition. P. H. Emerson, the founder of the 
“naturalistic photography” movement, 
awarded him the first prize. Critics were so 
enthusiastic over his work that they regretted 
he was not an Englishman. 

On his return to America in 1890, Stieglitz 
was disappointed to discover that artistic 
photography did not exist in his native land. 
He urged the formation of an American salon, 
became the leader of the New York Camera 
Gub, made its periodical one of the finest in 
the country and through his energy brought 
into being what was dubbed the New American 
School. Soon the Photo Secession — a society 
based on the Linked Ring of England — was 
formed, and Stieglitz began the publication of 
the famous magazine, Camera Work, which 
won for him the Progress Medal of the Royal 
Photographic Society. 

The Modern Style. Around the time of the 
outbreak of World War I, photography all 
over the world reached a turning point. If the 
established styles did not imitate painting, 
they certainly emulated that medium. Photo- 
graphers now became aware that the camera 
had an aesthetic of its own. Except for occa- 
sional experimental departures, Stieglitz had 
always used the camera direct, without dis- 
torting the image. Edward Steichen (1879-), 
his close associate in the Photo Secession and a 
leader of the New School of 1900, changed his 
style completely at the end of World War I, 
preferring the sharp, unaltered image of the 
lens to the soft-focus effects on which he had 
built his fame. Charles Sheeler (1883-) painter 
and photographer, began to use his camera to 
document American forms with a direct sim- 
plicity that had almost been forgotten. Paul 
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Strand ( 1 890—) exhibited, at Stieglitz’s gallery 
in 1916, photographs in which abstract form 
was emphasized by choice of viewpoint and the 
use of extreme close-ups. Alvin Langdon 
Coburn (1882-) showed that the camera could 
produce abstractions as readily as the painter’s 
brush. 

In the 1920's this new spirit found another 
champion in Edward Weston (1886-), a Cali- 
fornian with an international fame for his 
soft focus, atmospheric portraits and figure 
studies. Weston abandoned this style for the 
image of a well-stopped anastigmat printed by 
contact on glossy paper. An organization was 
formed in San Francisco in 1932 of photo- 
graphers who shared this point of view. They 
chose the name “Group / 64”, held exhibitions 
and fostered the new approach. 

A distinct contribution made by America 
has been the use of photography for sociolo- 
gical purposes. In 1888 Jacob Riis (1849-1914), 
the author of How the Other Half Lives, took 
a series of photographs of slum areas to supple- 
ment his verbal descriptions of the plight of the 
under-privileged. Lewis W. Hine (1874-1940), 
a trained sociologist, produced in the first 
decade of the twentieth century photographs 
of child labour which led to the adoption of 
legislation. The term "documentary photo- 
graphy” was applied to photographs taken 
from this standpoint. Later, in the 1930’s, the 
Farm Security Administration of the Govern- 
ment, under the direction of Roy E. Stryker, 
used photography to document agricultural 
conditions. The project, as it developed, be- 
came a vast documentation of rural America 
and some of America’s leading photographers 
were employed: Walker Evans ( 1 903—), Doro- 
thea Lange (1895-), and Arthur Rothstein 
(1915—). 

Two technical innovations from Germany 
exerted a powerful effect upon American 
photography: the 35 mm. miniature camera 
(1924) and the electric photofiash bulb (1929). 
The frontiers of photography were pushed 
farther than ever before, especially when, in 
1938, sensitizers were discovered which greatly 
increased the speed of film. News photography 
became increasingly important, and magazines 
began to develop a new use of pictures. Life, 
for example, founded in 1936, demanded photo- 
graphs which were unposed and realistic, 
and established definite styles of picture taking. 
Colour. In 1935 the Eastman Kodak Company 
announced Kodachrome film. The invention of 
Leopold Mannes and Leopold Godowsky, 
this film differed radically from other colour 
material. On a single support were three 
coatings of light sensitive emulsion, which 
recorded the red, blue, and green components 
of the scene. By the technique of dye coupling 
development, each coating was converted 
from metallic silver to the complementary dye 
(cyan, magenta, yellow). This film, which was 
quickly followed by Ansco Color, could be 
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used in any camera. Sheet film monopack 
material was introduced and commercial 
photographers adopted the new material in 
preference to the older forms of colour photo- 
graphy which involved the taking of three 
separate negatives, or the use of material with 
ruled or mosaic screens. 

Recently colour negative material has been 
introduced which yields upon processing a 
negative in which the brightnesses and also 
the colours are inverted. From these colour 
negatives, prints can be made on transparent 
material or on paper. 

American Photography Today. Today, photo- 
graphy is more popular in America than ever. 
It has been estimated that there are 57 million 
cameras in use. The two largest societies are 
the Photographic Society of America (mem- 
bership largely amateur) and the Professional 
Photographers’ Association (membership 
strictly professional). Specialists have their 
own organizations: the National Press Photo- 
graphers Association, the American Society of 
Magazine Photographers, the Biological Photo- 
graphic Association, the Society of Motion 
Picture and Television Engineers, and the 
Society of Photographic Engineers. Every city 
and town has its camera club, ranging from 
large organizations with well equipped dark- 
rooms and studios, down to small groups of 
enthusiasts who meet at each other’s homes. 
Four magazines, with a total circulation of 
nearly a million copies per month, are directed 
primarily at the amateur: Popular Photography, 
Modern Photography, U.S. Camera and the 
PS. A. Journal. One estimate places the sale of 
photographic equipment at $750 million for 
the year 1953. 

If the bulk of consumers of photographic 
goods are amateurs, the most significant pro- 
gress is being made by professionals, especially 
in the field of what has been called “photo 
journalism”. The many picture ma gazin es 
absorb a great quantity of photographs, and 
demand that these pictures have vitality and 
style. 

Another important field of work is photo- 
graphic illustration for advertising purposes. 
Studios are maintained which rival the motion 
picture studios of Hollywood. The natural 
scene is reproduced indoors, and artificially 
lighted — for advertisers cannot wait for the 
seasons and for good weather. A great deal of 
ingenuity goes into the making of the sets, and 
the success of a photo illustrator is judged more 
by his skill as a stage manager than as a master 
of the photographic medium. 

In contrast to these commercial uses, the 
direct simplicity, aesthetic integrity and master- 
ful technique of such creative photographers as 
Edward Weston, Ansel Adams, Brett Weston 
and Paul Strand have set standards which are 
recognized internationally. There are few 
photographers in any land whose work is con- 
sistently of equally high artistic value. 



URA 


In scientific fields, America has made signi- 
ficant contributions not only to the manufac- 
ture of photographic materials, but to the pure 
science of photography. 

The most significant technical development 
since the invention of the dry plate is the one 


step transfer process. Special materials are 
used in a special camera, enabling the user to 
process exposures on the spot in one minute. 
Still in its infancy, this new technique shows 
great promise for the future, and has already 
found many practical applications. B.N. 


UNIVERSAL DEVELOPER. Name given to 
the many proprietary — usually M.Q. — de- 
velopers intended for use with all types of 
black-and-white negative and positive materials. 
By simply varying the dilution, the developer 
gives satisfactory results for negative materials, 
development papers, and lantern plates. 


URANIUM NITRATE. Uranyl nitrate. Used 
in toners and intensifies. 

Formula and molecular weight: UOi(NO«)«. 
6H.O; 502-2. 

Characteristics: Greenish yellow salt. 
Solubility: Highly soluble in water at room 
temperature. 


e. — rj» 
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VALENTA, EDUARD, 1857-1937. Austrian 
chemist, professor and later director of the 
Graphische Lehr-und Versuchs-Anstalt (Gra- 
phic Arts Institute), Vienna. Used stereo 
radiography as early as 1896. Discovered the 
red sensitization of ethyl violet and the green- 
yellow-red sensitization of glycine red for 
silver bromide emulsions. Worked on iso- 
cyanine sensitizers (1903), silver chloride 
printing-out papers, toning, platinum printing, 
silver phosphate emulsions, tracing papers, 
printing materials, photochemistry and spec- 
troscopy. Wrote numerous books. 

VANISHING POINT. Point to which parallel 
lines converge when they recede from the 
observer. When the parallel lines are horizon- 
tal, the vanishing point lies on the horizon. All 
lines parallel to a given line converge towards 
the same vanishing point — e.g., the roof, eaves, 
window-sills, etc., of a rectangular building 
seen in perspective have a common vanishing 
point. There is a vanishing point for each of the 
visible sides of such a building. 

Once the vanishing point of a set of parallel 
lines has b«en determined — graphically or by 
observation — it gives the inclination of any 
associated parallel lines. The conception of a 
vanishing point, therefore, is perhaps more 
important to graphic artists than to photo- 
graphers. 

See also: Perspective. 

VAPOUR DISCHARGE LAMP. Type of 
electrical lamp which derives its illumination 
from an electrical discharge through a vapour 
or gas — e.g., mercury vapour — instead of 
through a wire filament. 

See also: Discharge lamp. 

VARIABLE CONTRAST PAPERS. Certain 
bromide papers are made in a single variable 
contrast grade. 


These papers carry two sensitized emulsion 
layers, one coated on top of the other. One 
emulsion is very contrasty and sensitive to 
yellow-green light. The other emulsion is soft 
and is sensitive only to violet and blue. (The 
sensitivities can equally well be reversed: soft 
yellow-sensitive and hard blue-sensitive.) An 
alternative method is to mix two emulsions, 
so that the sensitive layer contains silver 
halide grains of the different sensitivities side 
by side. The image is then all in one plane, but 
this makes no noticeable difference. 

With such an arrangement, the contrast of 
the resultant print depends on the colour of the 
printing light. Exposure to blue light — e.g., 
through a blue filter held in front of the en- 
larging lens — affects mainly the soft emulsion 
and yields a print of low contrast. Used in this 
way the paper is suitable for hard negatives. 

Similarly, exposure to yellow light, with a 
yellow filter in front of the enlarging lens, 
affects only the yellow-sensitive, contrasty layer 
and gives a print of high contrast. Used in this 
way the paper is suitable for printing from soft 
negatives. 

The print can be given any intermediate 
degree of contrast by exposing it for part of the 
time through the blue, and the rest through the 
yellow filter. The final contrast is decided by 
the relative exposure times through each filter. 

VARIABLE FOCUS LENS. Lens so con- 
structed that its focal length can be altered 
while the camera is running; this alteration 
produces a controlled increase or decrease in 
the size of the image — e.g., to give close-up 
shots at will without moving the camera. Also 
known as zoom lens. 

Lenses of this type are used mostly for 
television and cine work, but have also been 
used for changing the size of the projected 
image on the cinema screen. More recently, 
variable focus lenses have become available for 
miniature still cameras. 
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VARIABLE FOCUS LENS. The lens system contains a movable set of elements which can change the focal length over o continuous 
range. Top: Short focus position. The field of view is large, the image small, corresponding to a wide angle lens. Centre: Position 
for normal focal length. Bottom: Telephoto position, corresponding to tele lens, with large image but narrow angle of view. 


The focal length of the lens, its distance from 
the negative, and the iris diaphragm are all 
altered at the same time by a single control. 

As the control is moved to increase the focal 
length of the lens and make the image grow 
bigger — e.g., to change from a distant figure 
shot to a close-up of the head only — the 
focusing mechanism keeps the subject focused 
sharply, and the diaphragm automatically 
opens by the exact amount necessary to keep 
the exposure constant. This is necessary 
because as the scale of the image increases, the 
effective aperture of the lens decreases and 
must be offset by an increase in the diameter 
of the aperture if the exposure is to remain 
the same. 

Variable f ocus lenses work on the same basic 
principle in so far as in all the spacing of the 
lens elements is varied to change the focal 
length. But as the focal length changes, the 
position of the image also changes and the 
shift must be compensated for if the image is to 
remain in sharp focus. The compensation can 
be applied in two ways ; mechanical and optical. 

(1) Mechanical compensation involves two 
separate arrangements; the first alters the 
separation between the lens components and 
the second shifts the whole assembly towards 
or away from the film by the exact amount 
required to keep the image in focus. Systems 
of this type may be accurate when new, but 
they tend to wear rapidly, and the smallest 
amount of play anywhere in the mechanism 
ruins the definition of the picture. 

(2) Optical compensation involves no second 
mechanism to keep the image in focus. There is 
only one moving part although it may consist 
of as many as sixteen separate lens components. 
These components are mounted in a movable 
sleeve and the others remain fixed in relation 
to the film. As the position of the moving 
sleeve changes and the focal length of the 
assembly alters, the image remains sharply 


focused on the film. Even if mechanical wear 
takes place in this system, it only shows in the 
adjustment of the movable sleeve, and any 
resulting error simply affects the size of the 
image, not its sharpness. As the focal length 
of the lens alters, the size of the diaphragm 
aperture is altered in proportion to maintain 
the original stop value. 

Variable lenses may give a continuous transi- 
tion from wide angle to telephoto; a typical 
lens for a 16 mm. cine camera ranges in focal 
length from 1 to 3 ins. and has an aperture 
of /2'8. The over-all length of such lenses 
is not greater than the normal motion picture 
lens system and the transmission loss is about 
the same as for a telephoto lens. 

Television cameras are equipped with these 
lenses so that they can give long shots to close- 
ups while transmitting without a break. A 
typical television camera lens may have a 
range from 2 to 6 ins. (5 to 15 cm.) in focal 
length at /3. 

Cameras using such lenses are fitted with 
coupled viewfinders working on the same 
principle to give the exact field of view at any 
point in the range of the instrument. View- 
finders of this type are also made for still 
cameras that take a range of lenses. The adjust- 
ment is calibrated to correspond with the field 
of whatever lens is in use, and on some cameras 
changing the lens automatically alters the field 
in the viewfinder. 

See also: Lens history; Telephotography; Telephoto lens; 
Wide-angle lens. 

VARNISHING NEGATIVES. Particularly 
valuable or heavily retouched negatives can 
be given extra protection against scratches or 
other injury by varnishing. 

There are two types of negative varnish, 
hot and cold. 

Hot Varnish. Hot varnishes are suitable for 
plates only. They usually consist of shellac or 
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APPLYING NEGATIVE VARNISH. Varnishing protects the 
emulsion layer against damage, and also provides a retouching 
surface for pencil work. I. Choose a suitable varnish, either 
hot or cold. 2. Clean and thoroughly dry the negative. 3. Pour 
a pool of varnish on to the centre of the plate. A. Carefully tilt 
the negative so that the varnish flows towards one corner. 

5. Tift In the opposite direction to cover the second corner. 

6. Coyer the third corner In the same way by further tilting of 
the negative. 7. Drain off the surplus liquid from the lost 
comer of the negative Into the bottle. 0. Lay down the negative 
to let It drv and to f/ye the varnish a chance to settle In an even 
layer and harden completely. 


other resin dissolved in alcohol. They arc 
coated on to the negatives while hot These 
varnishes dry very quickly, and are usually 
hard as soon as they are cold, by which time 
virtually all the solvent has disappeared. After a 
further drying out time of a day or two, the 
varnished negatives will stand a higher degree 
of rough treatment. A formula for a hot varnish 
is: 


White shellac 

Sandarac 

Gum mastic 

Oil of turpentine 
Methylated alcohol to make 


S parts 
S parrs 
I part 
I part 
40 parts 


The methylated alcohol should preferably 
be the colourless (industrial) variety, or the 
denatured but clear type sold by some chemists 
as surgical spirit. 

For hot varnishing the plate negative should 
be quite dry, and slightly warm to the touch. 
The plate, emulsion side up, is held level by 
supporting it on the finger tips of one hand, and 
a pool of hot varnish (heated up on a water 
bath) is poured on to the centre. 

The plate is then tilted each way in turn, so 
that the varnish flows over the whole negative 
surface. 

When the whole of the surface has been 
wetted with the varnish, as much as possible is 
drained off at one comer, and the plate set 
level again to dry. 

Cold Varnish. Cold varnishes are usually suit- 
able for films and plates. The finish they pro- 
duce is as hard as that of a hot varnish but 
they may take several hours to dry. They are 
thus more likely to pick up dust particles than 
the quicker-drying varnishes. Film varnishes 
never contain alcohol, since it tends to soften 
acetate film bases. 

A formula for a cold film varnish which is 
perfectly safe is: 

Celluloid I part 

Amyl acetate 50 parts 


The celluloid can be obtained by boiling old 
film negatives in 5 per cent sodium carbonate 
solution to remove all gelatin. The films are 
then cut up into small pieces and dissolved in 
the amyl acetate. The solution is very inflam- 
mable and should therefore not be handled 
near a naked flame. 

The negatives are immersed in the varnish, 
immediately drained, and hung up to dry in a 
dust-free place. 

A 3-10 per cent solution of gum dammar in 
benzene or petroleum spirit (lighter petrol) 
can be used in the same way. A formula for a 
cold plate varnish is: 

Canada Balsam I part 

Bleached shellac IS parts 

Sandarac IS parts 

Methylated alcohol, to make 100 para 

This mixture is brushed on to the plates and 
allowed to dry in the usual way. L.A.M. 
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VECTOGRAPH. Composite stereoscopic posi- 
tive in which the pairs are bound up with a 
polarizing filter and a metal reflector. The light 
reflected from the pairs is differentially polar- 
ized and when seen through spectacles fitted 
with suitable polarizing lenses, the pictures 
fuse to give a stereoscopic impression of a 
three dimensional image. 

See also : Three dimensional projection & D). 

VEIL. Alternative name for fog; a uniformly 
distributed silver deposit or density in a nega- 
tive, transparency, or print not forming part of 
the image itself. 

See alio : Fogging. 

VERTICAL ENLARGER. Type of enlarger 
in which the head assembly — lamphouse, 
negative carrier, and lens — is attached to a 
vertical column so that the negative image is 
projected downwards on to a horizontal easel. 


VIDAL, L£ON, 1834-1906. French photo- 
grapher, professor of photography at the 
Conservatoire National des Arts et Metiers 
(National School of Arts and Crafts), Paris. 
Described in 1861 one of the first plate-changing 
cameras, the Autopolygraph. Worked in the 
1870’s on three-colour pigment pictures, chro- 
molithography and later on three-colour addi- 
tive projection. Founded the Association du 
Music des Photographies Documentaires 
(Museum of Documentary Photographs Asso- 
ciation), Paris. 

VIEW CAMERA. American equivalent of the 
British field camera; in each case, a camera of 
half-plate size or larger, intended principally 
for outdoor photography of still scenes — 
“views”. View or field cameras are also used 
by many commercial photographers for sub- 
jects like formal groups, school photographs, 
architecture and in other semi-technical work. 


VIEWERS 


Very small photographic positives cannot 
be viewed with comfort unless some apparatus 
is used to increase their apparent size. Optical 
projection gives the most pleasing result but, 
when the positives are only to be viewed by one 
person for short periods of time, something 
simpler is needed. 

For this purpose, various types of viewers 
are made. 

OPTICAL PRINCIPLES 

The apparent size of an object depends upon 
its distance from the eye; the closer the eye 
comes to the object, the bigger it looks. But 
there is a limit; when the eye is very close, it 
can no longer focus the object. By using a 



SLIDE DISPLAY CABINET. The slides are supported in grooves 
In front of a sheet of glass. A tubular filament or fluorescent 
lamp Illuminates a white reflector facing the front panel. 
Caref ul choice of illuminant is desirable f or colour slides. 


magnifying lens, however, objects can be 
examined at distances that would be too close 
for the unaided eye. 

Ten ins. is the normal comfortable un- 
aided viewing distance, so, by using a lens of 
S ins. focal length, we can see an object dis- 
tinctly when it is only 5 ins. away. (Such 
a lens would have a magnification of 2 x 
and, in the same way, the magnification given 
by any lens can be found by dividing 10 by its 
focal length in inches. When the power of a 
lens is given in diopters, its magnification can 
be found by dividing the figure by 4, i.e., a 
lens with a power of 12 diopters has a magni- 
fying power of approximately 3.) 

Effect of Aberrations. The human eye can 
accept considerable amounts of aberration in 
magnifying lenses but, after a certain point, 
astigmatism, field curvature and distortion set 
a limit to magnification and field of view. The 
best shape for a single magnifying lens is a 
meniscoid with its concave surface towards the 
eye. Weak lenses of this form are used in 
spectacles. If plano-convex lenses only are > 
available, the plane side should be towards the 
eye. 

Double convex lenses suffer badly from 
astigmatism and are only usable over a narrow 
angular field. 

Limitations. A magnification of 3 is about 
the limit for a single lens covering a reasonable 
field, and 5 where only a small area has to 
be examined. Higher magnifications call for a , 
more complicated design which must be 
specially computed. The corrections in such 
lenses have to suit an imaginary stop posi- 
tioned in the centre of rotation of the eye. 
Camera lenses are not always suitable as 
magnifiers because the eye is not close enough 
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HAND VIEWER. Can be carried in the pocket. A, diffusing 
screen. B. slot totoke slide. C* magnifier eyepiece. In use the 
viewer Is held up against a lamp or window; the diffusing 
screen then provides an evenly bright background f or the slide. 

to the internal stop and the head must be 
moved about to see different parts of the field. 

One objection to the use of monocular 
viewers is that both eyes are not relaxed. This 
causes a form of eye-strain because it is im- 
possible to relax with one eye held shut. 
Viewing is much more comfortable if both 
eyes are open and if the amount of light falling 
on them is about the same. This may be a 
little difficult at first but the knack is easy to 
acquire by practice. 

Binocular Viewers. Binocular viewers can only 
be used with comfort if they allow the eyes to 
converge naturally in accordance with the 
apparent distance of the object If both eyes 
are to focus comfortably on an object which is 
apparently 10 ins. distant, their lines of sight 
must converge to a point at that distance. 

A simple form of binocular magnifier con- 
sists of a low power lens (giving magnifications 
up to about 2) made wide enough for both eyes 
to look through at once. In this case the lens 
itself provides the correct relationship between 
apparent viewing distance and convergence. 

Binocular magnifiers using separate lenses 
can incorporate deviating prisms to provide 
the neeffisary convergence, but their use, 
especially when they are mounted in the form 
of spectacles, is not recommended. The reason 
is partly psychological and partly due to optical 
aberrations and the difficulty of fusing two 
images with opposite forms of key-stone dis- 
tortion. 

Stereoscopic Viewers. Binocular viewers of a 
special kind are used for looking at stereoscopic 
pairs. In this case there is no problem of con- 
vergence because the eyes are looking almost 
straight at two objects, not turned to look in at 
one. 

The positives are mounted in positions 
where they give the correct convergence and 
where they can be fused with ease. This condi- 


tion is met when lines joining corresponding 
points in the two prints are parallel to one 
another and to the lines joining the centres of 
the viewing lenses, and when the positives are 
spaced so that beams from these points diverge 
very slightly towards the magnifying lenses 
and the eyes. 

It is impossible to fuse the positives if they 
are spaced wider than this and discomfort is 
soon felt when they are closer. 

If the pictures themselves are narrower than 
the correct spacing, no difficulty arises, but if 
they are so wide that they would overlap, some 
prism or mirror system must be employed so 
that they can be mounted clear of each other, 
while at the same time appearing to have the 
normal separation. A number of stereoscopes 
have been designed for viewing large prints in 
this way, using a suitable beam splitter. 
Magnification. The magnification required 
from the viewing lenses is related to the focal 
length of the camera lens. When the eye views 
the positive through a magnifier with the same 
focal length as the camera lens, it sees a scene 
exactly as the camera saw it. 

If the separation between the two camera 
viewpoints is the same as the distance between 
the human eyes, and if the two positives are 
mounted so that each eye secs the appropriate 
image, they will fuse to give a stereoscopic 
effect corresponding exactly to the effect 
created by the original scene. 

If the viewing lenses are of shorter focal 
length than the camera lenses, the stereoscopic 
effect will be increased. At the same time, the 
scene will appear larger in proportion so that 
the net effect is that of looking at the original 
scene from a closer viewing distance. The 
perspective will not be true, but otherwise there 
is no unnatural representation. 

Exaggerated stereoscopic effects are ob- 
tained by varying the separation of the two 
camera viewpoints and not by the design of 
the viewer or by enlarging the positives. O.H.C. 



TABLE YIEWER. Gives maximum enlargement of small trans- 
parencies, incorporates own lamb. A, reflector lamp. B, 
diffusing screen. C, heat filter. D, slide In chute. E, magnifying 
system deeply hooded f rom stray light. 
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CONSTRUCTION 

The growing popularity of colour transpar- 
encies has led to an increased demand for 
transparency viewers of various sizes. Viewers 
have been available only for 35 mm. trans- 
parencies until recently, but now they are 
being produced for 2£ x 2J ins. and 3| x 3i 
ins. slides as well. 

Most viewers are much cheaper than pro- 
jectors, but they give only a limited magnifica- 
tion. There are occasions however, when a 
viewer is more convenient than a projector. It 
can be more easily carried about and can be 
used at a moment’s notice without any of the 
preparation associated with the projection of 
transparencies on a screen. 

There are many different kinds of viewers 
ranging from folding types that fit unobtrusively 
into the pocket to the more elaborate projector- 
viewer which is used on the desk or table. 
Special viewers are made for showing stereo 
slides and films. 

Hand Viewers. These consist of a plastic or 
metal housing with a magnifying lens at one end 
and a slot to take the transparency behind it. A 
diffusion screen is fitted at the opposite end to 
the magnifier and the transparency is viewed 
by placing the lens to one eye and looking 
through the viewer at a suitable light source. 
The lens is usually a simple meniscus, and may 
be either in a fixed position or in a sliding tube 
to enable it to be focused on the transparency. 
The diffusion screen may be of etched or flashed 
opal glass or translucent plastic. The grain in 
the diffuser is rendered less noticeable by 
placing it some distance away from the trans- 
parency. 

In folding viewers, the slot for the transparen- 
cy and the diffuser are placed close together 
for compactness. They are made to fold down 
on to one end of a rectangular platform and the 
magnifiying lens folds down on the other. 



Sometimes the centre platform incorporates a 
slide which can be extended as required to 
enable the transparency to be brought into 
focus. When folded the viewer, which is often 
sold complete with a leather purse, can easily 
be slipped into a pocket. The transparency is 
not boxed in with this type of viewer, and the 
image may appear less brilliant than it would if 
it were entirely enclosed and all the light came 
directly through it. 

It is obviously an advantage for the viewer 
to provide its own illumination, and some 
hand viewers are made to do this while retain- 
ing the attraction of portability. 

The main part of the viewer is a battery case, 
holding one, or sometimes two, torch batteries, 
which light one or two torch bulbs. The bulbs 
are covered with a diffuser just large enough 
to cover the transparency. Some viewers of 
this type provide no magnification at all, others 
have a folding or extending magnifying attach- 
ment holding an optical condenser. When view- 
ing a transparency, this type of viewer is held at 
a comfortable distance from the eye and the 
light is switched on by pressing a button. By 
careful design slide viewers can be made to fold 
into a surprisingly small space for carrying in 
the pocket. 

Table Viewers. These are bigger and more 
rigid than the illuminated hand viewers and 
intended to rest on a table or desk when in 
use. Some models work off batteries but the 
mains-ope rated types are more popular, as 
they generally have brighter and more even 
illumination. The component parts are the 
same as in the illuminated hand viewers but 
are not designed to fold into a small space. In 
some cases the base is adjustable to allow the 
viewer to be tilted to a convenient angle for 
viewing. 

These viewers are available in three sizes — 
3i x 3i ins., 2J x 2J ins. (in 2{ x 2} ins. cover 
glasses) and 35 mm. (in 2 x 2 ins. mount*). 
Adaptors enable the larger viewers to be used 
with smaller size transparencies. In the 35 mm. 
table viewer a film strip carrier is sometimes 
available for looking at unmounted transpar- 
encies on an uncut length of film. 

The viewers mentioned so far give only a 
relatively low magnification, and can be used 
by one person only at a time. A more elaborate 
kind of table viewer shows a bigger picture 
which can be seen by several people at once. 
This viewer uses a low power projector lamp and 
condenser system which project an image of the 
transparency via a system of surface-silvered 
mirrors on to a translucent screen measuring 
up to 7 x 7 ins. In one popular Instrument of 
this type the slides are stacked in a tray and ore 
brought into view by pushing a lever. When a 
new slide is shown the previous one is ejected 
and stacked in a second tray. 

In another type, the slides are placed in slots 
on a rotating drum which holds twelve slides. 
A lever turns the drum to bring each slide in 



ME 



STEREO VIEWER. Incorporates Its own lightsource powered by 
a torch battery. On the more versatile models the lenses con 
be focused Individually, and the separation adjusted. 

tum into position for viewing. Since this type 
of viewer is really a self-contained projector 
and screen, it is much more expensive than the 
ordinary directly-viewed magnified image type. 
Viewers for Exhibition Stands. For exhibition 
and advertising, sets of transparencies are often 
mounted in cabinets and illuminated from 
behind. The cabinets are placed in as dark a 
situation as possible, and the illuminated area 
is surrounded by the largest possible area of 
black. Display cabinets of this sort incor- 
porate diffusing screens to spread the illumina- 
tion evenly over the transparency, and filters 
both for correcting the colour values of the 
transparency and for filtering out the heat rays. 

A better type of cabinet is being used nowa- 
days by photographic societies for displaying 
transparencies. It is constructed in the form of 
a long box made to hold a fluorescent tube 
and the transparencies are arranged in hori- 
zontal rows on rails running the length of a 
suitable window in the side of the box. The tube 
is backed by a parabolic reflector which illu- 
minates the transparencies evenly, and the 
nature of the light makes filters for colour or 
heat unnecessary. 

Stereo Viewers. Viewers for transparencies on 
45 x 107 nun. and 6x13 cm. plates have been 
available for a great many years, but such large 
format stereo photography does not have a very 
big following. Some American and French 
manufacturers have popularized stereo photo- 
graphy on 35 mm. colour film and have created 
a demand for 35 mm. stereo viewers. 

The essential requirement of a stereo viewer 
is to present the two transparencies recorded by 
the camera so that the left eye sees only the 
image taken by the left camera lens, and the 
right eye the image taken by the right camera 
lens. This is achieved by using two viewing 
lenses placed approximately 2 J ins. apart, and 
by mounting the transparencies with a similar 
separation distance between them. As with 


monoscopic viewers, stereo viewers may be of 
the illuminated kind with a lamp or of the more 
simple type to be used with an external light 
or daylight. 

Non-illuminated stereo viewers bear a close 
resemblance to the hand viewers used for view- 
ing flat or two dimensional transparencies, 
apart from the fact that there are two lenses 
instead of one and the viewer is correspondingly 
wider. 

Inexpensive viewers in metal or plastic are 
obtainable with or without focusing adjust- 
ment and they may be of the enclosed box type 
or open folding type. 

Illuminated stereo viewers are usually made 
of plastic and the illumination provided by two 
torch batteries operating a single bulb. The 
better models are fitted with achromatic lenses, 
and in addition to a focusing adjustment, there 
may also be some means of varying the inter- 
ocular distance of the lenses. 

Some viewers of this type will take the 4J ins. 
slides, so f ar regarded as the recognized English 
size slide, but other makes will not accept slides 
above 4 ins. 

Split Frame Viewer. Special viewers are made 
for slides taken with beam-splitting devices used 
with 35 mm. cameras. No additional cutting, 
transposing or mounting of the transparencies 
is required. The transparency is inserted in the 
viewer in its cardboard mount, just as it is 
returned from processing. Two pairs of surface 
silvered mirrors or prisms present each image to 
the appropriate lens with the correct separa- 
tion. 

The simple viewers of this type have a 
plastic or pressed metal case, have no built-in 
illumination, the lenses are of fixed focus and 
the interocular distance cannot be varied. 
Prismatic Film Viewers. Another better viewer 
for this type of beam-splitter stereo film employs 
a system of prisms in place of the mirrors. The 
prisms enable the film to be viewed without 
transposing. Each eyepiece focuses independ- 
ently, and the interocular distance can be 
varied. 

This type of viewer is held in the hand and 
pointed at the light. 

A similar type of viewer enables films taken 
in twin-lens 35 mm. stereo cameras to be 
viewed without cutting. The viewer uses the 
same syBtem of reversing prisms which makes it 
unnecessary to transpose frames. The film is 
transported by sprockets, the transport being 
similar to that of the camera so that the frames 
come into view by turning the knob as far as 
it will go. The lenses can be focused and the 
distance between them varied. This viewer can 
be fitted to a stand and can either be used in 
conjunction with external light or it can be 
fitted with a special lighting attachment work- 
ing from the mains. C.W.L. 

See also: Back projection; Stereoscopes: Transparency 
viewing and projection. 

Book: Colour Transparencies, by C. L. Thomson 
(London). 
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VIEWFINDERS 


The most accurate type of viewfinder is, of 
course, a focusing screen, because it shows the 
exact amount of the subject that the lens will 
project on to the negative. But when the 
camera is held in the hand instead of being 
supported on a tripod, and when it is used for 
photographing moving objects, a focusing 
screen is out of the question. 

On the single lens reflex camera the camera 
lens is made to project the picture on to a 
viewing and focusing screen right up to the 
instant of exposure, but in all other cameras 
there is a separate device known as a view- 
finder which gives a more or less accurate 
indication of the amount of the scene included 
by the field of view of the camera lens. 

Frame Finder. The frame finder, which is one 
of the simplest and best of all viewfinders, 
consists of a metal — usually stiff wire — frame 
corresponding to the shape and size of the 
negative, and a small peep-sight. The frame is 
mounted above the lens and in the same plane, 
and the peep-sight is mounted on the camera 
body in the same plane as the sensitive material. 
The axis of the frame and peep-sight is parallel 
to the optical axis of the lens. 

When the eye is brought close to the aperture 
of the peepsight, the view bounded by the wire 
frame is almost exactly the same as the view 
seen by the lens. The only error is that of 
parallax — which is, in any case, negligible for 
subjects beyond about three feet. Apart from 
this the frames of the two pictures are identical. 
More than this; they are the same for any lens 
of normal construction — wide angle or long 
focus — and all camera movements. 

The frame finder unfortunately makes an 
awkward projection that in effect almost 
doubles the bulk of the camera. 

It is possible to make a small frame finder 
by mounting a proportionately reduced frame 
closer to the peep-sight. But as the frame comes 
closer to the peep-sight it becomes more and 
more blurred until it gives only a hazy idea of 
the picture boundaries. 



FRAME FINDER. The eye looks through a rear sight centred 
behind a front frame which indicates the limits of the field 
of view. Alternative or interchangeable front frames may be 
provided for lenses of various focal lengths. The surroundings 
of the subject are visible outside the frame. 


Albada Viewfinder. The Albada viewfinder 
(named after its inventor) is a special type of 
frame finder in which a white line, framing the 
negative area, is seen apparently suspended in 
the plane of the subject. This image is the 
reflection of a miniature frame painted on the 
inside of the rear plain glass window of the 
finder. The reflection is seen in a half-silvered 
mirror of curved glass which forms the front 
window of the finder. 

This finder has a number of advantages: 
the image is full size and undistorted; the 
frame is sharply focused by the eye; part of 
the subject is visible outside the frame — a 
great help when following moving subjects. 
Direct Optical Viewfinders. Optical viewfinders, 
consisting of a negative lens with a small 
positive lens mounted behind it, are probably 
more used than any other type. They are also 
sometimes known as Newton finders. The limits 
of the field are masked on the negative lens, and 
the scene is looked at through it with the camera 
at eye level. 

Sometimes the front and back components 
of this type of finder are simply mounted in 
frames which fold flat against the side of the 
camera; sometimes they are mounted in a fixed 
tube, or built into the camera body. 

This type of finder is reasonably accurate, 
and it gives a bright picture that is neither 
inverted nor reversed. When it is mounted in a 
separate tubular mount, it may even carry 
some form of automatic or adjustable tilting 
device to compensate for parallax. 

Bright-line Viewfinders. Many modern cameras 
combine the optical viewfinder — often in an 
enlarged form to give nearly full visual image 
size — with the Albada principle to produce the 
bright-line finder. This again shows the subject 
area outlined by a brilliant reflected frame. It 
is also known as a brilliant-frame, reflected- 
frame, or crystal-frame viewfinder. 

Universal Viewfinders. Cameras with inter- 
changeable lenses need a series of viewfinders 
to show the correct field of view for each focal 



ALBADA FINDER. This is an optical finder, with a partly 
reflecting rear surface to the front lens. This surface reflects a 
white frame which surrounds the inside of the rear lens. The 
frame thus appears suspended In mid-air visible at the same 
time as the subject, outlining the field area. 
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OPTICAL FINDER. Uses the principle of an inverted Galilean 
telescope to present a reduced image of the subject. The separa- 
tion between the lenses controls the angle of view and scale of 
the finder image as visible to the eye. 


A 



BRILLIANT FINDER. The front lens projects an image in the 
plane of the plano-convex lens on top of the finder, the light 
rays being reflected by the mirror. This type of finder can be 
quite large — sometimes the same size as the negative. 


length of lens. A more convenient system is to 
use an adjustable universal finder. There are 
several types of such finders. 

The simplest kind is a frame finder with two 
or more alternative front frames which swing 
or clip into position as required. More elaborate 
and versatile types consist of an optical finder 
with a built-in masking device. Turning a knob 
or ring makes the mask frame larger or smaller. 
The control ring is generally calibrated with the 
various f ocal lengths of the lens. 

In another type of universal fi nder, the frame 
remains the same size and the image increases 
or decreases according to the focal length of 
the lens. This type of finder incorporates a lens 
of variable focus, or a range of front compo- 
nents on a rotating turret, and thus it imitates 
what actually happens in the camera. 

Finders such as these are sometimes even 
coupled to the lens flange. When the lens is 
changed for one of a different focal length, the 
finder is adjusted by the lens fitting. 

All such universal finders are expensive and 
intricate pieces of optical equipment which may 
easily cost as much as a lens. 

A simpler solution adopted for cheaper 
cameras taking interchangeable lenses is the 
multiple frame finder. There a series of bright- 
line frames are marked in the standard camera 
finder, showing also the field of view with two 
or more alternative lenses. The frames may be 
reflected from a separate glass plate; by in- 
corporating a movable mask it is possible to 
arrange for only one frame to be visible at a 
time. The frame changing control is then some- 
times linked with a pin or other fitting on the 
lens for automatic changing over when fitting 
a different lens in the camera. 

Reflecting Viewfinders. The elementary 
reflecting type of finder has nothing but its 
cheapness to explain a long run of popularity 
in low and medium-priced cameras. It consists 
of a short-focus positive lens which forms the 
image, and a 45° mirror which reflects the 
image on to a horizontal ground glass or a 
second positive lens. 

The image seen in the top of the finder was 


never very bright, it was reversed, and its 
boundaries were uncertain. Finally, because the 
finder had to be held below eye-level, it im- 
posed an unnaturally low viewpoint. 

In spite of all these shortcomings, however, 
makers continued to fit such finders to their 
cameras until the early 1940’s. Since that 
date, the small reflecting finder has practically 
disappeared in favour of the optical direct 
vision finder, and the large brilliant finder. 
Brilliant Viewfinder. The brilliant type of 
finder is simply an enlarged and improved 
reflecting finder. It has a positive image-form- 
ing lens, a 45° mirror or prism and a large, 
brilliant viewing lens which takes up practi- 
cally the whole of the top of the camera. 
The size of the picture shown in the viewing 
lens is often as big as the actual negative frame. 

Because this type of finder is always built 
into the camera body and is too large to leave 
room for a second similar finder, the camera 
can only be used in one position. This rules 
out the rectangular formats which demand two 
positions — “portrait” and “landscape” — so the 
large brilliant viewfinder is generally fitted 
only to cameras that take a square picture. 

Special reflecting finders are generally in- 
cluded in the accessories available for expen- 
sive miniature cameras. One of the main 
reasons for wanting to use such a finder is that 
the camera attracts less attention when it is 
held at waist level than at eye-level. It can 
also be used with the camera pointing at 
subjects to the right or left of the photographer. 
So it is often a help for taking candid pictures. 
It can also be used for taking photographs over 
the heads of the people in a crowd if the camera 
is held upside down. 

Reflex Attachments. Separate viewfinders are 
reasonably accurate for normal photography, 
but there are occasions when only the picture 
seen by the lens itself can be relied upon. 

When, for instance, a camera is used at very 
short lens-subject distances, the picture seen 
by a viewfinder even with correction for paral- 
lax is quite different from that seen by the lens. 
For such work, the lens extension tube, necessary 
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REFLEX FINDER. A mirror reflects the rays from the lens on Co 
Che ground glass screen on Cop of the finder. Large precision 
reflex finders, as used on the twin-lens reflex camera, also 
show the image sharpness. 

for close work, is replaced by a tube of the 
same length equipped with a reflex attachment. 
This is simply a hinged 45° mirror and viewing 
screen mounted inside an accurately made 


housing designed for the camera, and trans- 
forms the camera into a single lens reflex. 

The mirror-raising lever is coupled to the 
shutter and the whole set-up works exactly 
like a reflex camera. The manufacturer sees to 
it that the axial distance from the focusing 
screen to the lens is the same as the distance 
from the lens to the film surface. 

The same type of attachment is necessary for 
use with very powerful telephoto lenses. In 
this case the angle of the lens is so narrow that 
the camera must be sighted very accurately to 
frame any particular area of the subject. It 
would be difficult to make a separate viewfinder 
to cover exactly the same view as the lens, and 
it would be impossible to check the accuracy 
of the set-up just before exposure. So a reflex 
attachment is built into the lens mount behind 
the rear component of the lens. F.P. 

Sec also: Cinematography; Reflex attachment; Reflex 
camera. 

Book : Photographic Optics, by A. Cox (London). 


VIEWING FILTER. Another name for a 
panchromatic vision (P.V.) filter which shows 
the subject in its approximate brightness values. 

VIEWPOINT. Position of the camera in rela- 
tion to the subject at the time of exposure. 
Viewpoint has a considerable influence on both 
the practical and aesthetic value of the photo- 
graph. 

There are two ways in which the viewpoint 
may vary: in distance and in height. Both 
factors may be varied independently and 
together they form one of the most important 
methods of control available to the photo- 
grapher. 

Distance. The closer the camera comes to the 
subject, the bigger the image. A telegraph pole 
50 yards away produces an image twice as big 
as one 100 yards away; at 25 yards the image is 
four times as high, and so on. 

But bringing the camera close does more than 
this; it increases the size of the subject in rela- 
tion to whatever is behind it. Suppose the 
camera is looking straight down a road lined 
by telegraph poles 50 yards apart. Then, a 
pole 50 yards away will give an image twice the 
height of the pole behind it (100 yards away). 
But a pole 500 yards away will give an image 
almost the same height as the pole behind it. 

This means that a particular subject appears 
bigger in proportion to its background as the 
viewpoint comes closer. So the apparent size 
of an object in relation to things farther away 
from the camera can be increased by bringing 
the camera closer to it. 

Height. The normal viewpoint is at eye-level — 
i.e. t between 5 and 6 feet from the ground. 
Most photographs are taken from this level 
when the intention is simply to produce a 
straightforward reproduction of the subject. 
Viewpoints above and below this level are 


used either to show details not visible from 
eye-level, or to present the subject in an un- 
accustomed aspect for special interest. 

A high viewpoint shows more of the tops of 
objects than is usually seen. It also places the 
subject against a background of the ground and 
includes the other objects around it. So a high 
viewpoint tends to produce a “busy” photo- 
graph in which the subject has to compete with 
a mass of surrounding detail, most of it equally 
sharp since it is about the same distance from 
the camera. 

There is very little novelty or shock value in 
a viewpoint above eye-level because it is fairly 
common for people to look at things this way — 
e.g., from upper windows. 

A low viewpoint shows the unfamiliar under- 
side of things but, what is more important, it 
tends to isolate the particular thing looked at 
from the surrounding objects. The background 
in this case becomes a plain wall, or the sky, 
or distant hills. To the photographer seeking 
to simplify his picture by eliminating all but 
his subject, this is the great advantage of the 
low viewpoint. It explains the familiar kneeling 
stance of the press photographer. 

Distortion. Whether the camera looks down or 
up, it exaggerates the proportions of the things 
nearest to it. So a high viewpoint makes the 
tops of things look big in proportion to the 
lower parts, giving an unpleasing top-heavy 
appearance to the subject. This effect, however, 
is often exploited in portraiture to increase the 
apparent size of a small forehead. 

A low viewpoint has the opposite effect; it 
exaggerates the base of the subject, so giving 
it an air of strength and stability which is most 
appropriate with certain subjects — e.g., 

“strong man ” studies. 

For the same reasons lines which are parallel 
when viewed from eye-level converge towards 


125C 




VIS 


the base when seen from a high viewpoint and 
towards the top when viewed from below. The 
most familiar example of this is the result of 
tilting the camera up so as to include the top of 
a building. 

Sometimes this type of viewpoint distortion 
is used deliberately for effect, but |generally 
it is undesirable and must be corrected either 
by the use of camera movements at the time of 
exposure, or by manipulation in the enlarging 
process. 

The most familiar type of distortion is that 
caused by a too close viewpoint. As mentioned 
above, the closer the viewpoint to the subject, 
the bigger the near parts of it appear in rela- 
tion to the more distant. So in pictures of 
people sitting with their legs stretched out 
towards the camera, their feet appear un- 
naturally large and in portraits a prominent 
nose or chin pointed towards the camera 
appears larger than in real life. For this reason 
a close viewpoint should be avoided — even 
1 2 feet is not too far away for a natural portrait 
— and the limbs and attitude of the sitter 
should be disposed across rather than stretched 
towards the camera. The same procedure 
should be adopted in photographing any other 
subject if the proportions are not to appear 
exaggerated. 

Perspective. The perspective of the picture — 
i.e., the relationship between the apparent 
sizes of near and far objects — is controlled by 
the distance of the viewpoint from the subject. 
This is clear from the example of the telegraph 
poles discussed above. It does not depend on 
whether the subject is photographed with a 
telephoto, normal or wide angle lens. From the 
same viewpoint, the relative sizes of near and 
far objects will always be the same. 

Scale. The scale of the subject — i.e , the rela- 
tionship between the size of the subject and the 
size of the image formed in the camera — is 
decided by the focal length of the lens. A 
closer viewpoint increases the size of near 
objects more than that of objects farther away ; 
the scale of the image of an object can, however, 
be kept the same by simultaneous change of 
viewpoint and focal length. A lens of longer 
focal length increases the size of all objects 
in the picture area in the same proportion, 
whether they are near or far away, so it in- 
creases the scale of the picture. But it does not 
affect the perspective of the image. 

So if the aim is to make the subject look 
larger in relation to the background, the view- 
point must be moved closer. But if the aim is to 
get a bigger picture of the subject without 
moving closer to it, the answer is to use a 
lens of longer focal length. F.P. 

See also: Perspective. 

VIGNETTING. Technique, in exposing prints, 
in which the picture is faded away more or less 
gradually towards the edges of the paper, 
leaving a soft-edged, white border. 



MAK/NG VIGNETTES. The area to be vignetted is cut out af a 
stiff card, and supported above the enlarger baseboard. The 
printing paper is placed underneath the cut-out, so that the 
image is projected on to the paper through the vignette mask. 

Vignetting is often used to eliminate un- 
wanted background or other secondary matter 
— e.g., in portraits. 

A card with a shaped hole slightly smaller 
than the area to be vignetted is held or sup- 
ported a little above the surface of the paper. 
The negative and paper are arranged (with the 
orange cap over the lens) so that the image 
occupies the desired position inside the masked 
area. The print is then exposed in the normal 
way. 

The photograph can be vignetted into a 
dark surround by "flashing” the edges of the 
paper. 

The term is also used to describe a similar 
effect resulting from the inability of a lens to 
cover the plate so that the outer edges are 
under-exposed and print out darker than the 
rest of the picture. 

See also: Covering power ; Masks; Shading and spot 
printing. 

VINCI, LEONARDO DA, 1452-1519. Italian 
painter, sculptor, man of letters, engineer, 
optician, scientist, anatomist and architect. 
Described the camera obscura in his secret 
notebooks, made numerous discoveries in 
optics and developed a theory of vision, in- 
cluding binocular vision. Also described 
“nature printing”. 

VINYL FILM. Sensitive emulsions coated on a 
plastic base consisting mainly of polyvinyl 
chloride acetate. Its advantage is low shrinkage 
as compared with cellulose nitrate or acetate, 
but it is not dimensionally stable above 40° C. 
It has been used for certain process materials 
and cartographic materials where accuracy of 
image size and scale are essential and no dis- 
tortion must take place during processing. 

See also: Supports/or emulsions. 

VISCOSE SPONGE. Synthetic type of sponge 
used to wipe surplus water off roll films or 
miniature films before they are hung up to dry 
after processing. Films wiped in this way will 
dry more quickly. 
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Viscose sponges used for this purpose must 
be kept absolutely dean, as the slightest 
particle of grit in the sponge may scratch the 
film from end to end. Many photographers 
prefer not to wipe their films at all. 


Some viscose film wipers consist of two 
viscose sponge pads mounted on the inside of 
a U-shaped plastic or metal strip. The film is 
drawn through between the two pads, which 
thus wipe both sides at the same time. 


VISION 


The human eye is a very highly developed 
organ; it is, in fact, part of the brain. In the 
embryo it begins as an outgrowth from the 
rudimentary brain, and later develops into the 
eye. While the eyes of animals and birds are 
more highly developed for special purposes, the 
human eye is probably the best for all-round 
performance. 

Anatomy of the Eye. Like the camera, the eye 
has a lens, a shutter (the eyelid), a variable 
aperture stop or diaphragm (the pupil), and a 
light-sensitive surface (the retina). 

The lens of the eye consists of a transparent 
elastic jelly-like substance. Its curvature and 
thickness — and consequently, focal length — are 
controlled by a ring of muscles around the edge. 
These are the muscles that atrophy in old age 
and make it difficult for the eye to focus on 
near objects. 

The lens itself is not particularly good for 
colour focusing or definition, but the inter- 
pretive mechanism of the brain compensates 
for its defects. 

The diameter of the lens is about I in. 
(10 mm.); its focal length is about f in. 
(15 mm.) and its angle of view is very roughly 
90°. 

The pupil of the eye is a variable aperture 
situated in front of the lens and composed of 
a ring of muscle which lies in the coloured part 
of the eye. This muscle controls the size of 
the lens aperture and gives it a normal working 



THE HUMAN EYE. A, conjunctiva. B, retina. C, fovea centralis 
(yellow spot). D, ciliary muscles controlling the lens. E, iris. 
F, lens. G, cornea. H, blind spot, being the ending of the optic 
nerve; is virtually insensitive. I, choroid. 


range of about / 4 to / 8 (-15 in. to -075 in. 
diameter, or 3-8 mm. to 1 -9 mm.). The eye 
can adjust quickly between these limits, but, 
given time, it can cover a range from / 1 -8 
to / 12 (-33 in. to -05 in. diameter, or 8-5 mm. 
to 1 -25 mm.). 

The size of the pupil is controlled by a 
reflex action from the brain; it automatically 
contracts in bright light and dilates in dull. 

The light-sensitive area situated at the 
back of the eye (corresponding to the film in 
the camera) is known as the retina. It consists 
of a hemispherical surface covered with several 
million cells, roughly 600 times more sensitive 
to light than the fastest panchromatic film. 
The part of the retina near the axis of the eye. 
known as the fovea, is very densely populated 
with extra-thin cells called the cones. These 
cells occupy the centre of the field of vision 
and are used by the brain for actually looking 
at things, in contrast to the surrounding areas 
which perceive only a vague, blurred picture 
and do little more than produce awareness of 
the presence of objects. 

The central area of the retina is able to 
resolve lines 1/200 in. apart at the normal 
viewing distance of 10 ins. It is this average 
resolving power that fixes the acceptable 
amount of blur in a photographic print. 

The cones in the central area are mainly 
responsible for day vision. They decrease in 
number away from the axis and other cells, 
called rods, which are used in night vision, 
appear in increasing numbers. 

Sensitivity to Brightness. The mechanisms of 
vision operate over an enormous range of 
brightness — from the intensity of strong sun- 
shine (up to 10,000 foot candles) down to the 
faint illumination given by the light of the wan- 
ing moon (about 1/1000 foot candle). One- 
thousandth of a foot candle is about the lowest 
limit for day vision but night vision is sensitive 
to about one-millionth of a foot candle. 

The eye cannot see all this range of bright- 
ness at once; it needs time to adapt itself to a 
change from one level of brightness to another. 
When there is a sudden jump in brightness it 
takes some seconds for the pupil to open or 
close to compensate for it. While the pupil is 
accommodating itself, the eye is either blinded 
by too much light or struggling to see by too 
little. 

The glare of sunshine on a white wall may 
be strong enough to prevent the eye from 
distinguishing detail inside a dark doorway. 
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But if the two objects are not too close, the eye 
can look from one to the other and discern 
detail in both because of its ability to adapt 
itself. 

The camera lacks this power to adapt itself 
to widely different amounts of brightness. It 
can only portray detail in both highlights and 
shadows where the difference is no greater than 
the range covered by the sensitive emulsion — 
never more than about 50 : 1. The photo- 
grapher who understands this basic limitation 
of his process is able to spare himself both 
trouble and disappointment by avoiding 
subjects of violent contrast. 

Sensitivity to Colours. The eye is sensitive to 
rays of light over a range of wavelengths from 
400 to 700 m(x — deep violet to deep red. Its 
maximum sensitivity occurs at about 555 m|x — 
yellow-green. 

Most scientists agree that the colour response 
of the eye is based on a system of three recep- 
tors, each sensitive to one of the primary 
colours, blue, green and red. The sensitive 
region of each receptor overlaps its neighbour, 
giving the eye a high over-all colour discrim- 
ination. With suitable viewing apparatus the 
human eye can discriminate about 150 separate 
colours over the range of the spectrum. Since 
each of these colours can be diluted with white 
light, or sub-divided and recombined, the 
actual number of colours, including hues and 
shades that the eye can discriminate is probably 
as high as one million. 

About one man in ten and one woman in a 
hundred are unable to perceive colours nor- 
mally. This disability is called colour blind- 
ness and may be partial (affecting one or two 
colours) or total. 

Colour vision exists only over the range of 
daylight intensities; the area of the retina 
responsible for night vision does not show any 
colour discrimination and does not possess a 
high degree of visual acuity. 



COLOUR SENSITIVITY OF EYE. Normally the eye is most 
sensitive to yellow-green, the sensitivity decreasing towards 
red as well as towards blue ( dotted curve). At low brightness 
levels a different part of the eye records the image, and is 
most sensitive to blue-green light ( solid curve). 



THE EYE AND COLOUR OF LIGHT. Top: Block diagram of 
sensitivity of the eye to mean noon sunlight. Bottom: Similar 
representation of sensitivity to tungsten light of 2600 °K (i.e., 
normal household or general service lamps). 

Monocular Vision. An observer looking at a 
scene with one eye sees it as a picture in two 
dimensions in the same way as the single lens 
of the camera sees it. That being so, he should 
receive the same impression as he would from 
a photograph in true natural colours seen from 
the same viewpoint. Such a picture would 
convey the outlines and colours of objects, but 
it would give no idea of how far one object 
lay behind another. There would be no 
real depth in the scene although all the objects 
would appear in perspective. 

In fact the impression on the observer’s 
brain would be better than this. The brain 
adds something of its own knowledge and 
experience to the purely geometrical reproduc- 
tion of the scene on the retina of the eye. It 
continues to create an impression of depth 
from the presence of other factors that normally 
supplement the stereoscopic impression pro- 
duced by binocular vision: memory of the 
true relative sizes of objects in the scene helps 
the observer to estimate their distance; because 
of parallax, any slight movement of the view- 
point makes objects move in relation to each 
other in a way that indicates their relative 
positions; distant objects are generally lighter 
in tone than nearer ones; and the eye of the 
observer is constantly refocusing as it shifts 
between near and far objects. 

So that, while the optics of monocular vision 
suggest that a scene viewed with one eye should 
appear flat, in practice this is not so. People 
who have lost one eye can continue to drive 
motor cars and work machines without any 
difficulty. At the same time, the impression 
of depth is by no means as complete as that 
given by two eyes. 

Binocular Vision. When two eyes look at an 
object, they converge more or less — according 
to the distance from the object — so as to form 
the separate images on corresponding parts of 
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the retina. This automatic act of converging 
is coupled to the focusing mechanism of the 
lenses of the eyes. The effort of making the 
two images coincide focuses the lenses for the 
particular distance which corresponds to the 
angle at which the eyes converge (the principle 
is the same as that of the optical rangefinder). 
This ability to converge and focus the eyes at 
the same time is acquired during the first few 
months of life. 

At the same time, because two eyes view the 
object from two separate points of view, each 
sees a slightly different picture. The brain 
fuses these two pictures and thus helps to 
convey the solidity of the object and indicate 
its place in the depth of the scene. When the 
eyes look at an object more than about 200 feet 
away, the two lines of sight are practically 
parallel, and the two pictures are substantially 
the same. So that beyond 200 feet away 
binocular vision no longer helps to give the 
impression of depth, though special techniques 
in stereophotography can bring out depth. 
Seeing in Perspective. The scene in front of 
the eye is reproduced as an image in perspective 
on the retina. A camera, built to the same 
specification, would produce the same image. 
But the human eye is more than a camera, it 
is part of a brain, and the brain interprets the 
picture in its own way, which is not always 
the camera’s way. 

The eye accepts a photograph which shows 
horizontal railway lines converging as they 
recede. But it quarrels with a photograph 
which shows the same effect taking place with 
the walls of a vertical tower. In fact, both 
pictures are right according to the laws of 
perspective, but while the eye is familiar with 
the horizontal picture, it finds the vertical 
picture strange. 


The eye sees the picture of converging railway 
lines in one piece, as the camera takes it. But 
when the eye looks up at a tall tower, it scans 
it from bottom to top and, in fact, looks at it 
in sections. The broad base is never con- 
sciously compared with the apparently narrow 
top until the two are seen in a photograph 
taken by pointing the camera upwards. Seen 
in the same picture, the proportions appear 
completely false. 

Sometimes the apparent falsity is worth 
seeking deliberately for its novelty or shock 
value. Many photographers make use of il 
for such reasons. But it is generally objec- 
tionable in normal photography where it is 
wiser to satisfy the eye by showing all vertical 
lines as parallel to each other and to the sides 
of the picture. This can be done on the 
negative or, where the lines converge on the 
negative, on the print. 

Animal Vision. The eyes of animals are similar 
in most respects to those of human beings, but 
there are probably differences in the way they 
see things and in the colour sensitivity of the 
retina. Experiments to find out more about 
the physiology of animal vision have been 
carried out, using the actual lenses from the 
eyes of dead animals. 

Successful photographs have been taken 
with sheeps’ eyes in the course of these experi- 
ments. The eye of a slaughtered sheep has a 
window cut in the back of it and a i in. disc 
of sensitized material is inserted. The tiny 
negative is exposed by flash lighting; developed 
and enlarged it yields a recognizable picture. 

Scientists hope by this method to gain useful 
information about the physiology of human 
vision. R.B.M. 

See also: Binocular vision; Colour; Ophthalmic photo- 
graphy; Perspective; Psychology of vision. 


VISUAL AIDS. On a wide definition visual 
aids would include anything that helps a 
teacher to teach, or a learner to leam, by 
means of an appeal through the eye. But the 
term is more generally used nowadays to 
denote special classes of visual material 
recently developed or made available in 
schools, and especially pictures projected on a 
screen, as with the narrow gauge cine film or 
film strip. 

Cine Films. Educational films are supplied to 
schools always in 16 mm. size on safety film; 
they may be in colour or black-and-white, in 
sound, silent or mute versions. In content and 
style of production they are distinct both from 
entertainment films and from general docu- 
mentary films. 

Each educational film is planned to serve a 
definite purpose in the teaching of a specific 
subject to a given age-range of pupils. As the 
film is an aid to the teacher and not a lesson 
in itself, it can deal with the part or aspect of 


the subject which is most suitable for visual 
presentation. For satisfactory incorporation in 
a lesson the film is kept short; 10-12 minutes 
is the common length, though some classroom 
films run for 20 or 25 minutes. A wide variety 
of photographic techniques is employed : direct 
photography, animated diagrams, photo- 
micrography, speeded-up and time lapse photo- 
graphy, and other devices; these techniques 
are not used for their stunt or surprise value, 
but for clarifying and instructing. 

In sound films the sound track consists 
usually of a commentary, which is carefully 
planned to suit the subject and the age-range 
of the children, and is exactly synchronized 
with the visuals. Sound tracks also include 
natural sounds, for examnle in films of 
animals; or natural dialogue, for example in 
French teaching films. Music is used only when 
it is relevant to the subject, for example in a 
film on ballet or on the symphony orchestra; 
the inclusion of background music, as so 
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commonly used in feature and documentary 
films, is generally condemned by teachers as 
distracting and unsuitable. It is usual to supply 
with an educational film a brief booklet of 
notes for the teacher, explaining the aim of the 
film and describing its contents. 

Film Strips and Slides. The 35 mm. film strip is 
very widely used in schools. Single frame size 
(18 x 24 mm.) is generally adopted as the 
standard. Most teaching film strips are in 
black-and-white form, though colour is con- 
sidered desirable in subjects such as nature 
study and art, and also for all material planned 
to be shown to young children. The number of 
frames varies; but the commonest practice is 
to supply about thirty frames, often divided 
into sub-sections according to subject matter. 
As with cine films, the visual material is 
carefully planned for a specific purpose, and 
is accompanied by a booklet of teachers’ notes. 
Film strips are generally prepared from master- 
cards, which may be photographs, diagrams, or 
drawings in a wide variety of styles; elaborate 
montages are not often successf ul. 

The double frame (24 x 36 mm.) finds 
favour with some users. 

Film slides 2x2 ins., which some teachers 
prefer, are an alternative to the film strip. A 
few such slides are sold in commercially pre- 
pared sets; but it is more common for teachers 
to make their own slides by cutting up film 
strips and inserting individual frames in 
special glass or paper mounts which are 
marketed for this purpose. The old-fashioned 
glass lantern slide 3i x 3j ins. is no longer 
widely used. 

Other Aids. Other items of teaching equipment 
generally included as school visual aids are: 
wall charts presenting information by means of 
selected photographs or pictures with some 
verbal explanation; microslides; geographical 
maps; displays ol samples and specimens 
arranged to convey information; and models 
of various types. 

Uses. The basic principle in the use of such 
visual aids in the classroom is that they in no 
way supersede the teacher, but help teacher and 
learner by giving a vivid impression through 
the eye. Visual aids are used as part of a 
lesson; they are often preceded or accom- 
panied by explanations from the teacher and 
followed by questions, discussion and other 
classroom activities by the pupils. 

The particular value of the visual medium in 
school teaching lies in the appeal which pic- 
tures have to all children; the emotional 
response of pleasure and interest is exploited 
by the teacher and linked with the intellectual 
effort of learning facts and understanding 
cause and effect. There are obviously many 
classroom topics that can be understood better 
when the teachers’ words or the textbook 
explanation can be illuminated by pictorial 
illustration. Some children who have difficulty 
in following a verbal presentation can under- 
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stand a well-planned pictorial explanation. 

Visual aids (in particular films, film strips 
and wall charts) are used also in different 
teaching situations outside the ordinary school: 
for apprentice training in factories; for religious 
teaching in Sunday schools and churches; for 
mass-education; for adult education and 
technical instruction; and for advertising. 
Content and production vary according to the 
special circumstances for which the material is 
required. 

Equipment The use of films and film strips in 
schools involves the provision of a certain 
amount of apparatus. Many firms specialize 
in the production of school 16 mm. cine pro- 
jectors and classroom film strip projectors; the 
emphasis is on robust construction, portability, 
easy maintenance and low price. 

Screens of all types and sizes are used. There 
is a developing preference for rear projection 
screens, especially for showing film strips in 
reduced daylight. 

Episcopes and epidiascopes are used for the 
showing of opaque pictures and slides, and 
microprojectors are sometimes supplied to 
school science departments. 

There are numerous commercial firms pro- 
ducing classroom film strips and wall charts; 
school film production is severely restricted 
by economic difficulties. There is also a certain 
amount of amateur production of school visual 
aids, particularly of film strips; this material 
is often of limited or localized use, but some of 
it is used on a national scale. 

Schools obtain wall charts and other pic- 
tures in much the same way as they obtain 
text- books. Films and film strips are obtained 
from various sources. Film strips are generally 
purchased and kept in the schools. Films are 
usually hired, either from a library organized 
by the local education authority, or from a 
commercial library, or from the library of the 
Educational Foundation. There are some free 
sources of films and film strips, but the material 
they supply is not always appropriate for 
classroom use. 

National Organization. Many difficulties have 
been encountered and overcome by education- 
ists during the recent development of visual 
education in this country. To promote and 
assist the wider use of visual methods in the 
classroom is the function of the National 
Committee for Visual Aids in Education, set 
up in 1946. Composed partly of representatives 
of teachers’ organizations and partly of repre- 
sentatives of local education authorities, it is 
responsible for evolving general policy and 
watching the interests of teachers. Its parallel 
organization, the Educational Foundation for 
Visual Aids, was set up in 1948 as a non-profit- 
making educational trust to arrange for the 
production of new visual aids, for the supply of 
equipment to schools, and for the distribution 
of visual material for hire and for sale. These 
two national bodies work in close association 
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to solve the many problems involved. They have 
a free advisory service on technical matters and 
on visual material; organize courses and con- 
ferences on visual education; and run a film 
library with a sales service of films and film 
strips with free preview facilities. Their infor- 
mation service, called VENISS (Visual Educa- 
tion National Information Service for Schools) 
provides combined national catalogues of 
available films and film strips, a monthly 
magazine called Visual Education, a year-book 
of visual aids, and occasional pamphlets and 
information lists. 

Teachers are directly represented on the 
National Committee by means of a special sub- 
committee called the Central Committee of 
Teachers’ Visual Aids Groups. Throughout the 
country groups of teachers who are specially 
interested in visual education combine in 
visual aids groups, for the discussion of visual 
aids topics, the review of new visual material, 
the production of their own films and film 
strips, or for training in the use of equipment, 
and other activities. These groups elect repre- 
sentatives to the Central Committee and hence 
are constantly in touch with national develop- 
ments. 

The production of new visual material is 
an especial concern of the national bodies. 
Contact with teachers through the groups 
supplies information on what material is 
required. Efforts are made to secure produc- 
tion of selected topics through negotiations 
with industrial and other sponsors; the 
Educational Foundation itself sponsors pro- 
duction as far as possible out of its trading 
profits. In every case a practising teacher is 
appointed as educational adviser to co-operate 
in the production of each visual aid so that the 
producer may know what is acceptable to 
teachers. The national bodies are always pre- 
pared to co-operate with commercial producers, 
to give free advice to amateur producers, or to 
provide information for sponsors on the pro- 
duction and distribution of visual aids. J.A.H. 

See also: Cinematography; Film strips; Lantern lectures; 
Lantern slides; Transparency viewing and projection; 
Projectors (still); Viewers. 

Books: Filmstrip and Slide Projection, by M. K. Kidd 
and C. W. Long (London); Making Lantern Slides and 
Filmstrips, by C.D. Milner (London). 

VISUAL APPEAL. Visual appeal denotes the 
ability to catch the eye and hold the attention. 
It transcends the subject matter and artistic 
merits of a picture and includes the potential 
response to their combined attraction. That is 
to say that visual appeal depends on both what 
is shown and who is looking at it. 

Any snapshot of a baby would provide ample 
visual appeal for its family. Comparatively 
dull photographs of a new piece of machinery 
are still very likely to interest its potential 
users. But to produce or find pictures of suffi- 
ciently wide appeal that will draw the eyes of 
hundreds of thousands to some magazine cover 


or advertising display is not quite so simple. 

Pictures that meet such conditions are some- 
times caught by photographers who either just 
follow their instincts or are lucky enough to 
stumble on the right opportunities. More often, 
however, they are supplied by skilled pro- 
fessionals who repeat and vary effects based on 
certain fixed formulae— even when they are 
not conscious of doing so. 

Methodical analyses of visual appeal are 
largely speculative. Although controlled in- 
vestigations of the subject in terms of experi- 
mental psychology are conceivable, the data 
we possess are neither complete enough nor 
sufficiently documented. It is generally agreed, 
however, that visual appeal is a complex 
phenomenon and whilst the terms applied to 
its components vary a great deal and may be 
grouped in many ways they usually cover three 
categories: novelty impact, emotional response 
and signalling force. 

Novelty Impact. Novelty impact is governed 
by news value, personality content and action. 

(1) The value of any news clearly depends 
on just how new, how big and how close it is 
to the man whom it seeks to inform. 

(2) The more a personality is known the 
greater his or her pictorial impact. Yet the face 
of any person still has a stronger impact than 
a scene lacking human content. 

(3) Anything dynamic will attract attention. 
Action, movement, expression, visually score 
over repose. 

Emotional Response. Emotional response is 
evoked primarily by the human element in the 
picture. This can be broken down under the 
more specific facets of survival, sex, success, 
experience and escape. Most of these appeals 
are elementary and people are hardly ever 
indifferent to them. They remain effective 
irrespective of whether the reaction to them 
is positive or negative: approving or dis- 
approving and whether it involves pleasure or 
revulsion, temptation or fear. 

(1) Death being the ultimate problem of 
everybody alive, any pictorial demonstration 
of survival is universally fascinating. This 
explains the unfailing attraction of all young 
creatures — but also of catastrophe, murder 
and any form of violent fate from which the 
reader may feel reasonably sheltered. 

(2) There is an effective appeal of sex, not 
only in the obvious display of it but also in the 
associations that the subject may evoke. The 
world of entertainment, for example, is an 
inexhaustible source of such associations as it 
draws mass attention to its stars and blends 
their personalities with the parts they play. 

(3) Other people’s success stimulates curio- 
sity, challenges ambition and evokes envy. 
All these varying responses look for the identi- 
cal reassurance that the person behind some 
achievement is as human as ourselves. 

(4) It is human to cherish any confirmation of 
one's own experiences. Familiar faces, places 
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and situations are likely to meet with warm 
response. Everyday aspects of everyday sub- 
jects may have little appeal, but there is a great 
deal of it in unusual aspects of everyday 
subjects. 

(5) There is a promise of thrill in change, 
distance and adventure; pictures that feed 
people’s dreams are popular. 

Signalling Force. Signalling force is the power 
in a picture to make itself noticed by its sheer 
formal qualities; these are clarity, pattern and 
emphasis. 

(1) The primary task of any picture is to 
concentrate on its subject, lift it from Its sur- 
roundings and show off exactly as much detail 
as its story needs. 

(2) A picture should be obviously self-con- 
tained; its unity may be visibly reinforced by 
distinctive framework, balancing elements or 
graphic space management. 

(3) Emphatic angles of view and perspectives, 
a strong suggestion of direction, speed and 
tension as well as contrasts of size, tone, light 
or colour possess strong pictorial momentum. 
Application. Any successful picture will have 
something of all the three basic categories that 
add up to visual appeal. But only a few of the 
many elements on which any of these categories 
rest are likely to be present at any one time. 

It is useful training discipline for photo- 
graphers, designers and art editors to apply 
some such method of classification as this to 
analysing existing publications and photo- 
graphs. 

This is done, as a rule, by using a points 
system based on credits that represent these 
several appeals. 

Although both the classification used and the 
evaluations gained in an exercise of this type 
are bound to be arbitrary they help to stan- 
dardize habits of pictorial judgement provided 
the experimenter will force himself clearly to 
account for his motives in crediting points 
rather than worry too much about exactly 
how much credit this or that subordinate 
element would deserve. At any rate such an 
approach is a great deal more effective than 
just following the time honoured but vague 
advice to visit art galleries and look at the work 
of the masters. A.K.-K. 

See also: Colour Impact; Composition ; Psychology of 
vision. 

VOGEL, HERMANN WILHELM, 1834-98. 
German chemist. Became the first professor of 
photography at the forerunner of theTechnische 
Hochschule (Technical University), Berlin 
(1864). Founded several photographic societies 
and an important periodical, Photographische 
Mitteilungen (\S64). In 1873 discovered the dye- 
sensitization of collodion plates and laid the 


basis for ortho and panchromatism and for 
three-colour photography. In 1884 used 
Azaline for sensitizing in green, yellow and 
orange ; this was a mixture of quinoline red and 
cyanine, but was later superseded by the iso- 
cyanine dyestuffs. In 1884 developed with 
Obernetter and Perutz the Vogel-Obernetter 
eosin silver plate which was the first ortho- 
chromatic dry plate. Also worked on sensito- 
metry and described widely used printing paper 
photometers and tube photometers. His 
Handbuch der Photographic (from 1867 on- 
wards) was one of the most important text- 
books of the late nineteenth century. 

VOIGTLANDER, PETER WILHELM 
FRIEDRICH, 1 8 1 2-78. Austrian optical manu- 
facturer. Established in 1 849 a new branch of the 
family firm (founded 1756 in Vienna) at 
Brunswick. Manufactured from 1841 the 
famous portrait and landscape lens calculated 
by Petzval in 1840. Produced in 1841 the first 
metal daguerreotype camera. Biography by H. 
Harting (Brunswick 1925). 

VOLT. Unit of pressure or potential in 
electricity. When using photographic equip- 
ment that requires an electrical supply, it is 
important to ensure the supply voltage is the 
same as that specified on the equipment. This 
can be particularly important in colour photo- 
graphy with electric lighting, as variations 
in supply voltage affect the colour temperature 
of the light. 

VOLTAGE STABILIZER. Electric circuit, 
usually a variable transformer, designed to 
deliver a constant output voltage despite 
fluctuations of input voltage. The main use of 
voltage stabilizers is in colour photography 
and colour printing, where voltage fluctuations 
in the mains supply would affect the colour 
temperature of the exposing or printing lights, 
and thus might upset the colour balance. 
Voltage stabilizes are also essential in sensi- 
tometry to keep the light of lamps constant. 

VORTOGRAPH. Name given to any abstract 
picture made with the kaleidoscopic apparatus 
first used by Alvin Langdon Cobum in 1917. 
Three mirrors were fixed together, as in a 
kaleidoscope, so that the subject could be 
photographed through the middle of them to 
produce repeating patterns. 

See also: Abstract photography. 

VULCANITE. Black plastic material made 
from indiarubber and used for a number of 
camera parts (including the outer body cover- 
ing in place of leather) and darkroom utensils 
(e.g., print paddles, forceps, etc.) 
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WALL, EDWARD JOHN, 1860-1928. English 
chemist, photographer, editor and instructor. 
Worked first as chemist for B. J Edwards & 
Co., London, who introduced the first ortho- 
chromatic plates in England ; later with 
European Blair Camera Co. and several 
American motion picture film companies. 
Wrote a widely used Dictionary of Photo- 
graphy (from 1889 onwards in many editions), 
the History of Three-colour Photography (1925), 
and other books. In 1907 he described the 
principle of bromoil printing. 

WARM TONE DEVELOPERS. Certain posi- 
tive developen which can produce image 
colours ranging from warm black to reddish- 
brown — depending on the developer or develop- 
ment time. 

Warm tones are often more effective than 
the normal blue-black, particularly for sunny 
subjects and portraits printed on a cream- 
tinted paper. 

WARNERKE, LEON, 1837-1900. Russian 
civil engineer. Established in London (1870) 
a private photographic laboratory. Lived from 
1880 mostly in St Petersburg and established a 
photographic factory In Russia. Invented the 
Warnerke sensitometer which was the first 
practically serviceable device for measuring 
speed (1880); this he used in his investigations 
on the silver bromide collodion and gelatin 
dry plates. Also discovered the tanning action 
of pyrogallic acid and invented (1875) a roll- 
holder for silver bromide collodion stripping 
paper. Manufactured silver chloride gelatin 
papers from 1889. Received the Progress 
Medal of the Royal Photographic Society in 
1882. 

WASHERS. Both negative and positive 
materials must be thoroughly washed after 
processing to remove any remaining chemicals 
which might attack the silver image — or destroy 
or stain the base. 


In each case the efficiency and speed of 
washing are governed by the rate with which 
the fresh water can replace the contaminated 
water in contact with the emulsion. 

The processes of washing may be carried out 
in special washers in which the materials may 
be left unattended until washing is complete. 
Neptive Washers. Roll films processed one at 
a time call for no special apparatus. Bulk films 
are transferred from the developing tank and 
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PRINT WASHING APPARATUS. Top: Cascade washer. The 
prints start off in the bottom compartment, and move up in 
stages, as further batches of unwashed prints replace them. 
Centra left: Drum washer. The flow of water against the 
turbine type leaves rotates the drum and keeps the prints In 
motion. Centre right: Washing tank. A Jet of water keeps the 
prints circulating, the surplus being drown off at periodic 
Intervals by a siphon In one corner. Bottom: Alternative 
design of washing tank, with central siphon and drain. 
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ACTION OF SIPHON. I. As the Mink or other container fills 
up, the water level also rises in the open arm of the siphon. 
2. As the water level reaches the top, the water starts emptying 
through the tube. 3. The water goes on flowing out as long as 
the open arm of the siphon is below the water surface. A. 
Beyond that point the flow stops and the cycle starts again. 

suspended from rods in a similar tank in which 
jets of fresh water spray on to the films and 
run down them to waste. The process may be a 
continuous one in which the films pass through 
the washing chamber on a conveyor track, or 
the films may be washed in successive batches. 

Special stainless steel tanks are manufactured 
for washing plates and sheet films in quantity. 
The negative materials are suspended in 


suitable hangers from rods across the top of the 
tank. Water enters through a number of jets 
at the bottom of the tank and is discharged 
through an intermittent siphon which empties 
the tank completely at regular intervals. A 
typical washing tank of this kind will wash the 
equivalent of fifteen 8x10 ins. plates or films 
at once. 

Print Washers. A print washer is simply a large 
tank in which batches of loose prints are kept 
constantly moving in water. The water usually 
enters in a series of jets around the bottom of 
the tank. The jets prevent the prints from 
sticking together and ensure a constant flow 
of water over the surface of the paper. An 
intermittent automatic siphon completely 
drains the tank every few minutes every time 
the water reaches a certain leveL 

Washers of this type are used principally by 
professionals and wholesale photo finishers 
who keep them in constant use. They are not 
popular with amateurs because of the space 
they waste when idle. 

Those who only occasionally need an auto- 
matic print washer can use a sink conversion 
unit. This is simply a short vertical length of 
piping pushed through a plug in the drain hole 
of the ordinary domestic sink and bent back so 
that the free end is close to the bottom of the 
sink. 

As the water fills the sink, it rises inside the 
pipe until it reaches the bend. At that point it 
spills over and runs out of the drain. This 
starts a siphoning action that quickly empties 
the sink. As soon as the water level falls below 
the open end of the pipe again, air enters, 
stops the siphon, and the sink fills once more. 

For this arrangement to work efficiently, the 
water should enter the sink with a fair amount 
of force and at an oblique angle to give a 
swirling motion to the water in the sink. F.P. 

See also: Washing. 


WASHING 


After the chemical stages of processing 
sensitized materials, all remaining soluble 
chemicals left in the emulsion and support 
must be washed out. If any sodium thiosul- 
phate or soluble silver compounds are left in 
the film, they will slowly attack the image. In 
the course of time the image may turn brown 
in parts; it may be marred by brown or black 
spots and stains, or more or less of it may 
fade. So thorough washing is important. 


WASHING NEGATIVES 

Films and plates can be washed either in 
running water or in successive baths of fresh 
water. 

Running Water. Running water is the most 
convenient means of washing negatives. 


During washing the water must renew itself 
continually to carry away the chemicals 
diffusing out of the emulsion. So there must 
be no stationary pockets by-passed by the main 
stream. The most efficient washing systems 
are those where the water enters at one end 
and has to go through the whole system before 
it can flow out. Any arrangement is unsatis- 
factory where the water flows out as it flows in, 
leaving the bulk of the liquid undisturbed. 

Sheet films can be washed lying face up in a 
dish placed in the sink. The water should 
flow in at one end of the dish from a rubber 
tube connected to the tap, and the dish should 
be slightly inclined so that the water overflows 
at the opposite end. 

Another method is to place the plates or 
films at the bottom of a deep dish and allow 
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WASHING NEGATIVES . Top: Plates washed in a tilted dish, 
letting the water flow in at the top, and out at the bottom. 
Upper centre: Alternatively, a siphon may be used to empty 
the dish periodically, provided it is deep enough. Lower centre: 
One way of washing roll films is to clip the ends to a board. 
Bottom: This board then floats in the washing sink or dish. 

the water to flow in direct from the tap. There 
should be an outlet near the bottom of the 
dish, or the water may be drawn away from 
the bottom through a siphon. Washing tanks 
of this type are available in a variety of forms. 

The stream of water should never flow very 
rapidly or fall directly on to the emulsion sur- 
face, or it may peel the gelatin layer off its 
support. Small particles of grit or other solid 
matter present in the water supply should be 
caught in a wire gauze filter or a commercial 
filter unit fitted over the tap. 

Continuous batches of negatives are best 
washed in a cascade washer. 

There is no satisfactory way of leaving loose 
roll films to wash in a dish. The ends of the 
film may be clipped together to prevent them 
from curling up and damaging the film surface, 
but inevitably the rest of the film curls up and 
gets into a dangerous tangle. Roll films should 
be either see-sawed through changes of water 
or left on the spool in the developing tank and 
washed by passing a continuous stream of 
water through the tank. 

With most types of developing tank, the 
films or plates can be washed in the tank itself. 
The water should be directed into the centre 
of the reel of the ordinary roll film tank so that 
it has to pass through the turns of the film 
before it can emerge. 

Washing in plate tanks is only satisfactory 
if the inflow is at the top, and the outflow near 


the bottom. If there is no outlet at the 
bottom, a rubber tube from the tap can be 
made to lead the water in at the bottom of 
the tank and let it flow out over the top. This 
will ensure very satisfactory mixing of the 
water. 

With some small plate tanks neither method 
is possible. In that case the plates are best 
washed in changes of water, or removed and 
washed in a dish. 

So long as the water is renewed completely 
at least once every 3 minutes, a total washing 
time of 30 minutes will be sufficient whatever 
method is used. 

Changes of Water. Where no running water 
is available or when water is scarce, negatives 
can be washed satisfactorily in changes of 
water. 

The dish or tank with the negatives in it is 
filled with clean water and left for about five 
minutes. It is then emptied, drained, and 
refilled with fresh water. The process is 
repeated every five minutes. 

In this way the salts left in the emulsion are 
diluted up to 50 times at each stage. After 
about 6-8 such changes the amount of soluble 
matter left in the film or plate is so small that 
it is harmless. 

Miniature tanks holding less than 10 ounces 
(250-300 c.cm.) of solution need about 8-10 
changes. 



WASHING IN DEVELOPING TANKS. Top left: Ideally the 
water should flow into the bottom of the tank and displace the 
hypo-laden water upwards. Top rifht: Placing the tank under 
the tap does not renew the lower levels of water. Centre: 
Plate and sheet film tanks often have a bottom drain plug for 
washing. Otherwise a rubber tube can be used. Bottom: 
Incomplete renewal of washing water. 
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Temperature Control. Often the washing water 
is considerably colder than the fixing bath and, 
as sudden changes of temperature are undesir- 
able, the temperature must be stepped down 
gradually. 

The procedure is the same as for washing 
in changes of water, but the temperature at 
eachsuccessivechange is reduced by about 3° F. 
(2° C.). When the temperature finally reaches 
the level of the tap water, the films or plates 
may be washed in running water, or in changes 
of water, in the normal way. 

The step-down changes count as part of the 
total washing period. 

In Sea Water. If necessary, negatives can be 
washed in sea water. This actually speeds up 
the removal of the sodium thiosulphate left in 
the gelatin, so that the washing time can be 
halved. 

The salt and other compounds in the sea 
water are harmless. But as they absorb 
moisture from the air if left in the emulsion, 
they are best removed by a final wash of 5—10 
minutes in running fresh water, or 2 changes 
of fresh water. 

Rapid Washing. Most of the soluble salts in 
the gelatin are washed out within the first 2-3 
minutes. The amount left is not enough to 
crystallize out. So where spaed in processing 
is essential the negatives may be dried or 
printed wet after washing for one minute in 
running water. They can be given a real wash 
at a later date — up to two or three weeks — 
without harm. 

Testing for Efficient Fixing. To test for complete 
fixing, a blank test strip should be fixed to- 
gether with other prints. A drop of a 1 per cent 
sodium sulphide solution is placed on the strip; 
if a brownish stain forms, fixing is incomplete. 
This usually means that the fixing bath is nearly 
exhausted. 

Test for Efficient Washing. There is a simple 
test for complete removal of sodium thiosul- 
phate. This requires a 0-1 per cent solution 
of potassium permanganate containing about 
0-2 per cent of sodium hydroxide. 

First, enough of this solution is poured into 
a glass of clean water to turn it faintly pink. 
Then a few drops of washing water are allowed 
to drain from the washed films or plates into 
the pink solution. If the colour disappears or 
becomes fainter, there is probably some sodium 
thiosulphate left in the negatives. But it 
should not be forgotten that impurities in the 
water supply may also discolour the test 
solution. 

Hypo Eliminators. A number of chemicals 
can be used to remove small traces of hypo 
(sodium thiosulphate) left in the emulsion. 
Some of them are sold commercially as hypo- 
eliminators. 

Normally, all chemicals can be removed 
from films and plates by the usual washing 
methods. The main use of hypo eliminators 
with negatives is to shorten washing times. 


They will render harmless all thiosulphate left 
in the film after about 3-10 minutes of efficient 
washing. 

Hypo eliminators are more widely used for 
prints because it is almost impossible to remove 
the last traces of hypo absorbed by the paper 
base by ordinary washing. 

WASHING PRINTS 

Prints can be washed in running water in a 
dish or bowl; in special print washers or in 
changes of clean water. 

Running Water. The simplest method is to put 
the prints in a large dish or bowl, placed in 
the sink with one side slightly raised. A rubber 
tube is then connected to the tap and arranged 
so that the water flows in at the raised edge of 
the dish. When the water fills the dish, it over- 
flows at the lower edge. The rubber tube may 
be dispensed with and the water allowed to run 
directly into the dish, but in that case it will 
probably splash and be a nuisance. 

The prints should be washed in this way for 
at least 43 minutes. Thorough washing 
demands continual renewal of the washing 
water, so that it can carry away the chemicals 
diffusing out of the prints. 

This system takes up a comparatively large 
amount of room, and for large batches of 
prints a cascade washer, a rotary washer, or a 
special washing tank with siphon are more 
convenient. 

Changes of Water. This method is more econo- 
mical in water and is useful where no running 
water is available, or when water is scarce. 

The prints are placed in a large bowl or dish 
of clean water, and left for about five minutes 
to allow most of the soluble salts to diffuse out 
of the prints into the water. The water is 
then poured out and replaced by fresh water. 
This dilutes still further the very small amount 
of soluble salts still left in the paper. After 
another five minutes, the water is changed 
again; after eight to nine such changes, the 
prints will be practically free of all harmful 
salts. 

Test for Complete Washing. The washing water 
can be tested for complete removal of sodium 
thiosulphate in much the same way as for 
washing negatives. 

Hypo Elimina tion. The most thorough washing 
still leaves minute traces of silver salts and 
sodium thiosulphate (hypo) in the print. These 
are mainly absorbed in the fibres of the paper 
support. 

Tests have shown that the slight traces of 
harmful chemicals still remaining in the print, 
even after prolonged washing, may be enough 
to endanger the permanence of the silver image, 
particularly the fine-grain images of chloride 
and chlorobromide papers. The amount of 
chemicals left behind in a single-weight print 
is not enough to harm the coarser-grained 
bromide paper images, but a double-weight 
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paper may absorb enough to affect even these 
images in time. 

Washing is improved by bathing the prints 
for a few minutes in a 1 per cent borax solution 
after fixing. This neutralizes the acid of the 
acid fixing bath — which is one of the harmful 
chemicals absorbed in the fibres of the printing 


WAT 

paper base, and at the same time speeds up the 
removal of hypo. 

A more efficient method is to use a hypo 
eliminator which renders all chemicals absorbed 
in the paper harmless by converting them into 
neutral salts. L.A.M. 

See also: Faults; Hypo eliminator; Washers. 


WASHING SODA. Domestic form of sodium 
carbonate. It is often too impure for photo- 
graphic purposes. 

WATER. The chief rOle of water in photo- 
graphy is as a solvent for developers and other 
processing solutions. In its pure state it freezes 
at 0° C. and boils at 100° C. at 760 mm. 
barometric pressure, and has a pH of 7-0, which 
is taken as the reference point of neutrality. 
Impurities of Water. Natural and tap water 
are never pure, and some of the impurities 
may interfere with one or other of the in- 
gredients of photographic processing baths, 
in particular: 

(1) Calcium and magnesium salts: these may 
be bicarbonates, or the sulphates, nitrates, etc. 
Water containing calcium and magnesium salts 
is generally referred to as hard water; very hard 
water may contain up to 0-05 per cent. 

Hardness caused by the bicarbonates is said 
to be temporary because the carbonate can be 
precipitated by simply boiling; with sulphates 
the hardness is permanent, as it can only be 
removed by chemical means — e.g., by using 
sodium carbonate to precipitate the calcium or 
magnesium carbonates, or adding complex 
phosphates (sodium hexametaphosphate or 
Calgon) to prevent their precipitation altogether. 

(2) Chlorides of calcium and magnesium: in 
addition to causing hardness the chloride 
affects certain silver salt solutions. 

(3) Dissolved gases: of these oxygen is the 
most important. Dissolved gases can largely be 
removed by boiling, though they may return 
when the water cools. 

(4) Other impurities: organic and mineral 
matter other than mentioned above is normally 
removed in the purification of the water supply 
and present in too small quantities to matter. 

All mineral dissolved solids and most of the 
gases are removed from water by distillation, so 
distilled water is suitable for all, and essential 
for certain, photographic purposes. 

Water equal to distilled water in purity can 
also be prepared by percolation through certain 
ion-exchange resins. Suitable units are sup- 
plied by laboratory furnishers and simply fit 
over the water tap. Small purifiers in the form 
of plastic bottles containing the resin are also 
sold by photographic dealers. The bottle is 
filled with tap water and left to stand for some 
minutes after which the pure water may be 
poured out. The resin is re-usable several times 
until a colour indicator shows exhaustion. 


Water for Processing. Water for developers: 
the main impurities that interfere with develop- 
ers are the calcium and magnesium salts which 
cause hardness. These precipitate their carbon- 
ates or phosphates from developers incorpora- 
ting sodium carbonate or phosphate or an 
alkali. The precipitate is chemically harmless, 
but may be deposited as a scum on films or 
plates. Developers should therefore be filtered 
before use. The loss of alkalinity due to this 
precipitation is usually negligible. 

Dissolved oxygen impairs keeping qualities 
of developers and should be removed by boiling 
before use. Dissolved carbon dioxide can be 
ignored, except with developers using caustic 
alkalies; there it will slightly reduce the activity. 

Water for fixers : the normal impurities of 
tap water do not interfere with fixing solu- 
tions. 

Water for aftertxeatment and toners: in 
certain cases hardness or chlorides will cause 
precipitates, especially with solutions contain- 
ing salts of lead, silver and other heavy metals. 
Such solutions must be made up with distilled 
water. Distilled water is also essential for all 
sensitizers, etc., where impurities may cause 
unpredictable variations in the characteristics 
of the sensitive material. 

Water for washing: hard water— even sea 
water — will not appreciably interfere with 
washing, but may leave scum deposits on dry- 
ing negatives or prints. The trouble can be 
avoided by using a final rinse of distilled water, 
or by adding a trace of acetic or hydrochloric 
acid to the final rinse. 

Negatives and prints intensified or toned by 
certain processes— e.g., uranium — should be 
washed in slightly acid water, as traces of 
alkali will tend to dissolve the image. 

Sea Water. Sea water contains appreciable 
quantities of dissolved sodium chloride and 
other salts. It is not suitable for making up 
photographic processing solutions, but may 
successfully be used for washing negatives and 
prints. The salt content of the sea water 
actually aids the removal of sodium thiosul- 
phate from the emulsion and washing times 
can therefore be reduced. A final wash of 5-10 
minutes in fresh or distilled water is, however, 
necessary. 

See also: Solutions. 

WATER BATH DEVELOPMENT. Method of 
improving the rendering of shadow detail in a 
negative or of softening the contrast of a print 
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by transferring the material to a bath of still 
water after a short immersion in the developer. 
The result is that the heavily exposed areas 
quickly exhaust the developer they have soaked 
up, while the lightly exposed areas go on 
developing and building up detail. The water 
merely helps to keep the action of development 
even. 

In practice, the negative or print is developed 
until a faint image appears. It is then trans- 
ferred to a dish of water where the action is 
watched until no further increase in density 
occurs. If the over-all density of the material is 
insufficient, it may then be returned to the 
developer for a short immersion; or, if the 
contrast is still rather hard, the process can be 
repeated until the correct contrast is obtained. 
At no time should the negative or print be 
agitated when it is in the water; that would 
help the carried-over developer to diffuse out 
of the emulsion and so stop its intended local 
action considerably before the light tones have 
built up sufficient density. 

Although water bath development provides a 
very useful form of contrast control, if carried 
to excess it will cause staining on the material. 
Liberal use of developer improvers and, if 
possible, a developer that is resistant to oxida- 
tion (e.g., glycin) is therefore recommended 
for this method. 

See also: Two-bath development. 

WATERHOUSE, JAMES, 1842-1922. English 
officer and scientist. Writer on the history of 
optics and of photography, and on photo- 
graphic chemistry. Discovered in 1875 that 
eosin was a green sensitizer for silver bromide 
collodion dry plates. As chief of the Carto- 
graphic Service, Calcutta, developed photo- 
graphic transfers for photo-zincographic half- 
tone printing and produced in 1894 the first 
three-colour photogravure prints. 

WATERHOUSE STOPS. Early form of 
aperture adjustment consisting of fixed stops 
in a range of sizes, cut in flat plates so that 
they could be inserted in a suitable slot 
machined in the lens mount. The stops were 
numbered arbitrarily; the figures had no direct 
relation to the relative aperture. 

John Waterhouse of Halifax invented the 
system in 1858; it is now obsolete, having been 
replaced by the iris diaphragm calibrated in 
f-numbers. 

See alio: Diaphragms. 

WATKINS FACTOR. With every developer 
used for development by inspection, there is a 
fixed relation between the time of first appear- 
ance of the image, and the total time required 
to give a fully developed image. The Watkins 
factor is the figure by which the first time must 
be multiplied to give the second. Its use is 
now virtually obsolete. 

See also: Developing negatives. 


WATT. Unit of power in electricity. It is the 
power generated by a current of one ampere 
acting over a potential difference of one volt. 
It is used to express the power consumption of 
electrical equipment such as lamps, etc. The 
wattage is there obtained by multiplying the 
voltage at which the equipment is run by the 
current in amperes taken. (Conversely, the 
current loading is obtained by dividing the 
wattage by the voltage.) 

For some practical purposes such as high- 
power lamps, heaters, etc., the watt is too small 
and the kilowatt is then used as a more con- 
venient unit. One kilowatt is equal to 1,000 
watts. 

WATT-SECOND. Unit of energy, numerically 
equal to the joule. Used to express exposure 
with artificial light sources (watt-seconds = 
watts x seconds) and also to measure the 
energy discharged through the flash tube of 
electronic flash units. With electronic flash, 1 
watt-second corresponds to a light output of 
approximately 40 lumen-seconds. 

WAVELENGTH. Distance between corres- 
ponding points on two successive waves, 
applied particularly to electromagnetic radia- 
tions. These radiations range in wavelength 
from miles (wireless waves) down to fractions 
of a millionth of an inch (X and gamma rays). 
The wavelengths of visible light are measured 
in Angstrom units (1 Angstrom unit = one 
ten-millionth of a millimetre) and range from 
4,000 A (violet band limit) to 7,000 A (red 
band limit). 

See also: Frequency; Light units; Spectrum. 

WAXING PRINTS. It is often noticed that a 
print upon a matt or semi-rough surface paper 
has lost some of the depth and brilliancy it had 
when wet. The shadow parts of the picture 
especially seem to suffer. 

A thin coating of wax applied to the print 
will restore some of the wet print quality. All 
that is necessary is to rub a good quality white 
wax furniture polish or cream well into the 
print, taking care to cover the whole surface. 
The wax must be applied sparingly with a piece 
of soft fluffless rag or the ball of the finger, and 
the print must be laid on a smooth surface and 
be quite dry. 

The print is put aside for a few minutes and 
then polished with a soft dry cloth. It is import- 
ant to polish off all the surplus wax, as if any 
remains dust will settle upon, and tend to 
adhere to, the surf ace. 

As an alternative to the wax the print may be 
treated by doping the surface, but this method 
takes longer. 

Waxing will not only restore the wet print 
finish, but it will also help to make any spotting 
or other hand work in the finishing of the print 
less obvious. R.M.F. 

See also: Doping prints. 


1270 



WEDDINGS 


Wedding photography demands a high 
degree of technical skill, the ability to handle 
people, and a feeling for the “human angle”. 

Faultless technique is necessary because the 
ceremony cannot be repeated. If by mishand- 
ling of apparatus or by carelessness in process- 
ing the pictures are spoilt there is no second 
chance to make good the loss. 

The photographer’s ability to handle people 
can easily play a decisive part in the success or 
failure of the ceremony. This is no exaggera- 
tion. In a modem wedding the photographer 
is present at every stage of the proceedings, and 
his manner and working methods influence 
everyone around him. His ability to introduce 
the very desirable human touch into the finished 
result depends upon his own character and his 
own personal regard for the occasion. 

To many hardened cameramen, a wedding is 
just another job to be done, often as quickly as 
possible and with complete lack of sentiment. 
The established professional, on the other hand, 
regards it as a special assignment: an intimate 
glimpse of the lives of two people embarking 
on a serious undertaking, the uniting of two 
families. He must not only go to endless trouble 
to secure the best possible pictures, but he must 
do all he can to make the event a successful 
social occasion. 

Preparations. On being booked to attend a 
wedding the photographer first notes the date 
and exact time the ceremony will take place. 
Also, in his diary will go the name of the 
church, where the reception is to be held (with, 
if necessary, road directions), the bride's future 
name and address and the date of return from 
the honeymoon. Then he records the style of 
photograph or wedding album selected and the 
sum deposited. 

If the wedding is not to be a white one the 
photographer must find out what the bride will 
be wearing so that he will be able to identify 
her quickly. (There have been occasions when 
the wrong person has been photographed !) He 
will also want to know how long the reception 
will last and whether the couple will be going 
away by road, rail, sea or air. 

Then the bridal pair need to be briefed on 
what is expected of them photographically: 
arriving at the church, outside the church 
after the service, (the “official” groups will be 
taken either here or at the reception), at the 
cake cutting ceremony and as they leave. 
Equipment. Over the last ten years or so the 
technique of wedding photography has under- 
gone many changes, the major difference being 
that the posed groups at the studio have been 
replaced by more informal groups taken either 
at the church or at the reception. It is also 
quite common these days to make a complete 
illustrated story of the occasion. 

“Official” group negatives should not be 
smaller than half plate and should be taken 


with a stand camera to allow full attention to 
be given to the arranging and posing. Large 
negatives are also preferable because they can 
be retouched. For the remainder of the photo- 
graphs, the action pictures and the cake cutting 
ceremony, a coupled rangefinder hand camera 
or twin lens reflex should be used. Flash will 
be required for all interior shots, so the shutter 
should be flash synchronized. 

Exposure. With white weddings, exposure can 
be extremely critical. The brightness range 
between the bride’s white gown and the bride- 
groom’s dark suit can be considerable. So when 
estimating the correct exposure, preferably with 
a photo-electric exposure meter, particular care 
should be taken. If the brightness range is more 
than the film can handle, exposure should 
favour the highlights; this is desirable in order 
to show detail in the bride’s gown — more im- 
portant than the bridegroom’s suit. 

Arrivals at the Church. The first photographs 
to be taken are of the arrivals of relatives and 
friends at the church. As it is impossible to 
include everyone, the photographer must use 
his own judgement. Two early arrivals will be 
the bridegroom and best man and the photo- 
grapher must be there in time to catch them. 

After all the guests have arrived there will be 
a short lull followed by the arrival of the 



AT THE CHURCH. Camera positions for various stages and 
effects. I. Arrival of bridegroom, best man, bridesmaids. 
2 and 3. Arrival of bride. A. The ceremony, taken from behind 
the choir stalls. 5 and 6. Groups outside church ( facing away 
from sun). 7. Bride and bridegroom walking to car. 8. Con- 
fetti throwing and crowds. 9, Bridal couple driving off. 
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bridesmaids. They should be given time to get 
together after the ride and then photographed 
either actually walking up the path or halted 
specially for the purpose. There will then be 
another longer pause. 

The next arrival will be the bride who will be 
escorted into church on the arm of her father. 
Here again, they should be allowed a moment 
or two to compose themselves after getting out 
of the car before being photographed. Often 
the photographer will get a better picture by 
asking them to pause on the church steps. 

It is very rare for photographs to be taken 
inside the church during the service, but if such 
photographs are requested it is essential that 
permission from the vicar is obtained first. 
Time exposures are quite suitable as little move- 
ment occurs during most of the ceremony. 
Care must be taken to avoid making any noise; 
this applies particularly when using plate 
cameras with focal plane shutters, which on 
some models tend to be noisy. 

After the Service. While the service is in 
progress the photographer can be making up 
his mind on his best place for taking the formal 
groups. If they are to be taken at the reception 
then he will only take action shots of the party 
leaving the church. The light in the porch may 
not be ideal for photography, but this is un- 
doubtedly the best setting to convey the atmos- 
phere of the ceremony. With a little tact the 



INDOOR RECEPTION. Camera positions for different groups 
and activities. Photographed mainly with press camera and 
synchronized flash. I. Bride and bridegroom receiving guests 
(taken from high viewpoint, standing on a chair). 2. Cutting 
the cake. 3. Making the speeches; should include some of 
audience. 4 and 5. Formal groups, taken with stand camera and 
Photoflood lamps. 6. Final departure. 



OUTDOOR RECEPTION. Camera positions for groups and 
activities. Photographed mainly with press camera. I. Bride 
and bridegroom receiving their guests. 2. General view of 
assembly and speech making, taken from an upstairs window. 
3. Cutting the cake; guests in background. 4 and 5. Formal 
groups. 6. Final departure, with wing of house as background. 
Coverage also Includes incidental shots of guests at tables. 

photographer can usually manage to get rid of 
any untidy notices together with any unsightly 
scraps of paper that may be on the ground. If 
the sun happens to be shining directly into the 
porch, it will mean screwed-up faces, but the 
difficulty can generally be overcome by posing 
the group in one of the other porches where the 
lighting is more favourable. 

Taking the Groups. Whether at the church or 
the reception the most satisfactory method of 
working is for the photographer to operate the 
camera while an assistant — preferably his 
regular receptionist — sees to the posing by his 
instructions. This is much quicker and less 
confusing than when one person keeps running 
between camera and subjects. 

The first photograph to be taken is of the 
bride and bridegroom, particular care being 
taken to see that the bride holds her bouquet 
at a becoming angle and that the bridegroom 
is upright without being wooden, and that his 
clothes are free from creases. Spectators should 
not be visible in the background. Two pictures 
are normally taken, one with the couple looking 
at the camera and one looking at each other. 
Their expressions should be pleasant, but 
broad laughter is best avoided. 

The next photograph is of the bride alone, 
usually half-turned towards the camera with 
her face looking straight at the lens. She 
should hold her bouquet gracefully, smile 
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pleasantly, and have her dress and train well 
arranged around her feet. 

The third photograph is the bridal group — 
i.e., bride and bridegroom, best man and brides- 
maids. Again particular care should be given 
to bouquets, hats and trouser creases, as a 
single fault can make the whole group look 
foolish. 

The last picture consists of the previous 
group with the addition of the two families on 
the respective sides of the bridal couple. 
Cramping should be avoided and the spectators 
should be kept well out of the way. 

Tradition has for so long associated the 
throwing of confetti with weddings that at least 
one picture must be secured of the bridal couple 
undergoing this happy ordeal. As soon as the 
last family group has been taken, the photo- 
grapher should move quickly away ahead of 
the crowd. He should take up a position from 
which he can photograph the procession walk- 
ing down the path to the waiting cars. For 
these shots he will of course use a hand camera. 
Here he will be able to catch the bride and 
bridegroom covered in confetti entering their 
car. Getting this picture is always a scramble, 
but it is well worth the effort. 

After a final general view for record purposes 
of the crowd, the church and the cars, the 
cameraman can go on to the reception. 

At the Reception. There are so many oppor- 
tunities for securing valuable record pictures 
at the reception that it pays to carry an elec- 
tronic flash outfit to save the inconvenience of 
carrying and disposing of flash bulbs. 

First the bride and bridegroom are taken 
receiving their guests; it is as well to take several 
shots to be sure of getting at least one in which 
everybody comes out clearly and looks happy. 

Next, two or three general views of the room 
should be taken with the guests in their places 
at the tables. 

After the speeches comes the cutting of the 
cake. This is one of the most popular pictures 
and the photographer who can be sure of secur- 
ing one or two happy pictures of this part of the 
ceremony will be well rewarded. The couple 


should be carefully posed with knife held by 
the bride in full view and her hand held by the 
bridegroom’s. It is usual, but not always 
possible, for the bridesmaid also to appear in 
this picture. If the table looks untidy a few 
bouquets placed around the base of the cake 
will prevent the debris appearing in the pictures. 

One or two photographs of the speech- 
making may next be taken. If group photo- 
graphs have not been possible outdoors, these 
should also be taken at the reception; for 
these, extra lighting will almost certainly be 
needed. 

The last indoor photograph to be taken is of 
the bride and bridegroom leaving the reception. 
Immediately afterwards, the alert cameraman 
can often capture an unexpected scoop by 
making his way outside ahead of the couple to 
photograph the traditional “decoration” of the 
car. 

Finally comes the last photograph of the 
series as the couple drive away to the accom- 
paniment of waving and cheers. 

The Wedding Album. The experienced pro- 
fessional photographer avoids sending out 
rough proofs; he prepares a complete set of 
finished photographs and sends them out in a 
specimen wedding album. 

This in its beat form is a well presented 
album in which the photographs are mounted 
in the order in which they were taken. The first 
two or three pages are usually reserved and 
suitably titled to allow details of the wedding 
to be entered. 

With the album goes a price list of both 
complete albums and individual copies, all 
prints being plainly numbered to simplify 
ordering. 

A good set of wedding photographs calls for 
a surprising amount of planning and organiza- 
tion, but it is too serious a task to justify slip- 
shod or careless work. The sincere photo- 
grapher never loses sight of the fact that he is 
recording an occasion that his subjects will 
treasure as a precious memory. J.B1. 

See also: Banquets: Groups. 

Book: Wedding Photography, by O. Catling (London.) 


WEDGE. In photography, a strip of material — 
such as glass — covered with a layer which is 
clear at one end and becomes more and more 
opaque towards the other end. 

The layer itself may be dyed gelatin, or a 
suspension of pigment (such as carbon black) 
in gelatin, or a developed silver halide emul- 
sion. The increase in density may be smooth 
and continuous or in regular sections. The 
latter type is known as a step wedge. 

The Goldberg wedge consists of a wedge- 
shaped edge of dyed gelatin cast between two 
inclined sheets of glass. 

The density range of a wedge is usually from 
0 to 5 or 6. On a uniform continuous wedge the 


increase in density is specified by the wedge 
constant which is the density increase per cm. 
of wedge length. Thus a wedge with a constant 
of 0-3 increases in density by 0 3 every cm. 

Step wedges increase by a constant density 
from step to step, but for really accurate work 
the wedge is calibrated individually. 

Wedges are used mainly for sensitometric 
tests of emulsions. For this purpose the wedge 
is laid on the surface of the sensitized material 
and a single exposure is made through it. 
The result is as though the sensitized material 
had been given a number of separate exposures 
increasing gradually from one end of the wedge 
to the other. After development, the test piece 
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OPTICAL WEDGE. Steps of increasing density hold back pro- 
gressively more of the Incident light. Sensitive material ex- 
posed behind wedge thus receives series of graduated expo- 
sures at a standard exposure time. 

can be examined with a densitometer, and the 
characteristic curve of the material plotted 
from the results. 

If instead of using white light for the expo- 
sure, a spectrum of light of different colours is 
allowed to fall on the wedge so that the whole 
range of colours crosses each step, the result 
will indicate the spectral sensitivity of the 
material because each colour will have regis- 
tered a range of exposures from one end of the 


wedge to the other. The developed test piece 
in this case is called a wedge spectrogram. 

WEDGE SPECTROGRAM. Record of the 
spectral sensitivity of a sensitized material 
made by giving it a series of differing exposures 
to a spectrum projected on to it. In practice the 
exposure scale is produced by placing a neutral 
density wedge over the sensitized material in 
such a way that each step of the wedge lies 
across the whole projected spectrum. This 
ensures that the material is subjected to the 
full range of exposures over every colour. 

Sec also: Negative materials; Spectral sensitivity; 

Spectrography. 

WEDGWOOD, THOMAS, 1771-1805. English 
amateur scientist, son of the famous potter, 
Josiah Wedgwood. Published in 1802, with 
Humphry Davy, an Account of a method of 
copying paintings upon glass and of making 
profiles by the agency of light upon nitrate of 
silver. Was the first to produce images (e g., 
silhouettes and botanical specimens) on paper or 
leather moistened with silver nitrate solution, 
and in the solar microscope. But he and Davy 
were not able to fix their images. Biography by 
R. B. Litchfield (London 1903). 


WEIGHTS AND MEASURES 


There are three current systems of weights 
and measures in the English language coun- 
tries: American, British Imperial, and Metric. 

The metric system is used more and more, 
particularly in scientific measurements. 

The metric system is consistent throughout 
the world whereas the British pint, quart and 
gallon differ from the American measures of the 
same name. For instance, the British pint is 
20 fluid ounces while the American pint is 16 
fluid ounces. However, as the latter are Ame- 
rican fluid ounces the corresponding British 
equivalent is something like 16; fluid ounces. 


This gives some idea of the confusion en- 
countered when using weights and measures in 
the British Imperial and American systems. 
Many people still prefer to use them, however, 
so conversion tables are necessary if calcula- 
tions are to be avoided. 

The metric unit of volume is the cubic 
centimetre, but the scientifically correct liquid 
unit of capacity is the millilitre. As the differ- 
ence between the two (0 0028 per cent) is too 
slight to matter in photographic formulae, the 
cubic centimetre is taken here as the equivalent 
practical unit. 


Units of Capacity 

IMPERIAL LIQUID UNITS 
60 minims 
8 fluid drachms 
20 fluid ounces 
2 pints 
4 quarts 

METRIC LIQUID UNITS 
I litre 

1000 028 cubic centimetres 
UNITED STATES LIQUID UNITS 
60 U.S. minims 
8 U.S. fluid drams 
16 U.S. fluid ounces 
32 U.S. fluid ounces 
4 U.S. quarts 


Weights 

BRITISH UNITS (AVOIRDUPOIS) 
437*5 (rains 

7.000 (rains — 16 tv. ounces 
14 pounds 


I fluid drachm 
I fluid ounce 
I pint 
I quart 

I Imperial (allon 

1,000 millilitres 
I litre 


I U.S. fluid dram 
I U.S. fluid ounce 
I U.S. pint 
I U.S. quart 
I U.S. (allon 


I tv. ounce 
I tv. pound 
I stone 


28 pounds (or 2 stone) 

4 quarters 
20 hundredwei(hts 

BRITISH UNITS (APOTHECARY) 

20 (rains 

3 scruples 

8 drachms 

12 ounces 

METRIC UNITS 

1,000 milli(rams 

1.000 (rams 

UNITED STATES UNITS 
Use avoirdupois wei(hts up to 

2.000 pounds (av.) 

2,240 pounds (av.) 

Lengths 

BRITISH UNITS 
12 inches 
3 feet 

METRIC UNITS 
10 millimetres 
100 centimetres 


I quarter 
I hundredweight 
I ton 

I scruple 
I drachm 
I tp. ounce 
I ap. pound 

I (ram 
I kilogram 


I pound then 
I short ton 
I long ton 


I foot 
I yard 

I centimetre 
I metre 
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Weight Conversions 


AVOIRDUPOIS (OR AMERICAN) TO METRIC 


Grains 

Grams 

Grains 

Grams 

| 

0065 

35 

2-28 

2 

01 30 

40 

2-60 

3 

0194 

45 

2-92 

4 

0-259 

50 

3-24 

5 

0-324 

60 

3-69 

6 

0369 

70 

4-55 

7 

0454 

60 

5-20 

e 

0-516 

90 

563 

9 

0563 

100 

6-50 

10 

0 648 

no 

7-13 

11 

0-713 

120 

7-76 

12 

0-778 

150 

9-72 

13 

0-842 

180 

11-7 

14 

0-907 

200 

130 

15 

0-972 

220 

14-3 

16 

1-04 

240 

15-6 

17 

1-10 

300 

19-4 

IB 

1-17 

360 

23-3 

19 

1-23 

400 

25-9 

20 

1-30 

420 

27-2 

25 

1 -62 

440 

265 

30 

1 -94 

460 

31-1 


Ounces 

Grams 

Ounces 

Grams 

i 

i 

7 09 

6 

170 

14 2 

7 

198 

1 

21-3 

6 

227 


263 

9 

255 

ii 

42-5 

10 

264 

1 

567 

II 

312 

2i 

708 

12 

341 

3 

650 

13 

369 

31 

991 

14 

397 

■4 

113 

15 

426 

5 

142 

16 

454 


METRIC TO AVOIRDUPOIS (OR AMERICAN) 


Grams 

Grains 

Grams 

Grains 

0 1 

1-54 

5 

77-2 

0-2 

3-09 

6 

926 

0-3 

463 

7 

108 

0-4 

6-17 

6 

123 

0 5 

7-72 

9 

139 

06 

9-26 

10 

154 

0-7 

10 6 

1 1 

170 

00 

12 3 

12 

165 

0-9 

13 9 

13 

201 

| 

15-4 

14 

216 

15 

23-1 

15 

231 

2 

30-9 

16 

247 

2-5 

366 

17 

262 

3 

46-3 

16 

278 

3 5 

54-0 

19 

293 

4 

61-7 

20 

309 

45 

69-4 

25 

386 


Grams 

Ounces and 
Grains 

Grams 

Ounces and 
Grains 

30 

1. 26 

175 

6- 76 

40 

1-180 

200 

7- 24 

50 

1-334 

250 

6-358 

60 

2- 51 

300 

10-253 

70 

2-205 

350 

12-152 

60 

2-360 

400 

14- 47 

90 

3- 76 

450 

15-360 

100 

3-231 

500 

17-279 

125 

4-179 

750 

26-200 

150 

5-127 

1000 

35-120 


WEI 


APOTHECARY TO AVOIRDUPOIS (OR AMERICAN) 
AND METRIC 


Scruples 

Grains 

Grams 

i 

5 

0-324 

i 

10 

0*648 

1 

15 

0-972 


20 

U 1 
O 

ii 

30 

1-94 

i 

40 

2-59 

ii 

50 

3-24 

3 

60 

3 69 

4 

80 

5-16 

5 

100 

6*48 

6 

120 

7*76 


Drachms Grains Grams 



\ 75 

0-486 

1 

[ 15 

0972 


\ 30 

1-94 

1 

1 45 

2*92 


60 

389 

2 

120 

7-76 

3 

160 

1 1-7 

4 

240 

15-6 

5 

300 

19-4 

6 

360 

23 3 

7 

420 

27*2 

6 

460 

31-1 


Ounces Ounces (Av.) Grams 

(Afioth.) and Grains 


i 

i 

120 

7*76 

240 

15-6 

1 

360 

23 3 


I- 43 

31*1 

ii 

1-163 

389 

ii 

1-263 

46*7 

i! 

1-403 

544 

i 

2- 65 

62*2 

ii 

2-205 

700 

ii 

2-325 

77 8 

ii 

3- 6 

65*5 

3 

3-128 

93*3 

31 

3-246 

101 

31 

3-366 

109 

3| 

4- 50 

117 

4 

4-170 

124 

41 

4-290 

132 

4} 

4-410 

140 

4i 

5- 93 

148 

5 

5-213 

156 

51 

5-333 

163 

51 

6- 15 

171 

5} 

6-135 

179 

6 

6-255 

167 

*1 

6-375 

194 

61 

7- 56 

202 

6! 

7-178 

210 

7 

7-298 

218 

7} 

7-416 

226 

71 

8-100 

233 

71 

6-220 

241 

e 

6-340 

249 

at 

9- 23 

257 

ei 

9-143 

264 

a! 

9-263 

272 

9 

9-363 

280 


10- 65 

268 

9} 

10-185 

295 

91 

10-305 

303 

10 

10-425 

311 
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Conradon Factors 

WEIGHT 


Crains 

Grams 

Drachms 

(op.) 

Ounces 

(o».) 

Ounces 

(op.) 

Pounds 

(av.) 

Kilograms 

100 

0 065 

0*017 

0-002 

0-002 

0-00014 

0*000065 

15*4 

1 00 

0-257 

0-035 

0*032 

0-0020 

0-001 

600 

389 

I 00 

0-137 

0*125 

0-0086 

0 004 

437*5 

283 

7-29 

1-00 

0-91 1 

0 0625 

0-028 

480 

31-1 

800 

1-10 

1*00 

0-0686 

0-031 

7000 

454 

117 

160 

14-6 

1*00 

[0-454 

15432 

1000 

257 

35*3 

32-2 

2*205 

1-00 


LENGTH 

Millimetre 

Cent/metre 

Inch 

Foot 

Yard 

Metre 

1*00 

010 

0-039 

0-0033 

0-001 1 

0.001 

10*0 

1*00 

0-394 

0-033 

0-01 1 

0*010 

25*4 

2-54 

1-00 

0083 

0-028 

0-025 

305 

30*5 

12-00 

1-00 

0-333 

0-305 

914 

91*4 

36-00 

3 00 

100 

0914 

1000 

100 

394 

3*28 

1*09 

1 00 





LIQUID AND 

CAPACITY 




Imperial 

Minims 

U.S. 

Minims 

• Milli- 
litres 

Imperial 
Fluid Drachms 

U.S. 

Fluid Drams 

Cubic 

Inches 

Imperial 
Fluid Ounces 

U.S. 

Fluid Ounces 

1-00 

0-961 

0-059 

0-017 

0-016 

0-004 

0-002 

0-002 

1*04 

1-00 

0-062 

0 017 

0-017 

0-004 

0 002 

0-002 

16-9 

16*2 

1-00 

0-282 

0271 

0-061 

0*035 

0034 

60 0 

57*6 

3 55 

1*00 

0*961 

0*217 

0-125 

0-120 

62-5 

60-0 

3*70 

1-04 

1-00 

0*226 

0-130 

0-125 

277 

266 

16*4 

4-61 

4-43 

1*00 

0-577 

0554 

480 

461 

284 

8 00 

7*69 

1*73 

1-00 

0-961 

500 

480 

296 

8 33 

8 00 

1 -80 

1 -04 

1 -00 

‘Millilitres are here taken as 

equal to cubic centimetres. 






U.S. 

Pints 

Imperial 

Pints 

Litres 

U.S. 

Quarts 

Imperial 

Quarts 

U.S. 

Gallons 

Imperial 

Gallons 

Cubic 

Feet 

1-00 

0*833 

0473 

0-500 

0-416 

0-125 

0-104 

0-017 

1*20 

1*00 

0568 

0600 

0-500 

0-150 

0-125 

0*020 

2*00 

1*67 

0946 

1-00 

0-833 

0*250 

0-208 

0033 

211 

1-76 

1-00 

1 06 

0-880 

0-264 

0-220 

0-035 

2*40 

2-00 

1-14 

1*20 

1-00 

0*300 

0-250 

0-040 

8*00 

6-66 

3*79 

4 00 

3*33 

1-00 

0-833 

0-134 

9 61 

8 00 

455 

4-80 

4-00 

1*20 

1-00 

0*161 

59*8 

49-8 

28*3 

29*9 

24*9 

7-48 

6 23 

1-00 



WEIGHT PER VOLUME OR VOLUME PER VOLUME TO 

METRIC 



Units A 




Units B 






Imperial U.S. 

Fluid Ounce Fluid Ounce 

U.S. 

Pint 

Imperial 

Pint 

U.S. 

Quart 

Imperial 

Quart 

U.S. 

Gallon 

Imperial 

Gallon 

Grains 

2-3 

2-2 

0-14 

0-1 1 

0-07 

0-057 

0-017 

0-014 

Imperial minims 

21 





0 1 



005 

— . 

0-013 

U.S. minims 

_ 

2*1 

0-13 



0067 


0 016 

— 

Imperial fluid drachms 

125 





6 3 



3 1 



0*0 

U.S. fluid drams 



125 

8 



4 



1 

. — 

Avoirdupois ounce 



_ 

60 

50 

30 

25 

7 5 

6 25 

Imperial fluid ounce 

— 





50 

— 

25 

— 

6 25 

U.S. fluid ounce 

— 

— 

625 

— 

31 

— 

8 

— 


To convert Units A per Unit B to grams (or ml. or c.cm.) per litre, trace from the Uniu A in use on the left to the 
vertical column corresponding to the Unit B and multiply Units A by the factor. To convert Units A per Unit B to per- 
centages (grams per 100 ml. or volume per volume) convert to grams or millilitres per litre, and divide by 10. 

Example — To convert 60 grains per Imperial pint to grams per litre, trace from "grains** on the left to "Imperial pint". 
The factor is 01 I. Therefore the answer is 60 x 0*1 1 « 6-6 grams per litre. 
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METRIC TO WEIGHT PER VOLUME OR VOLUME PER VOLUME 


WE! 


Units A Units 0 



Imperial 
Fluid Ounce 

U.S. 

Fluid Ounce 

U.S. 

Pint 

Imperial 

Pint 

U.S. 

Quart 

Imperial 

Quart 

U.S. 

Gallon 

Imperial 

Gallon 

Grains 

0-44 

046 

7 3 

075 

14 5 

17 5 

60 

70 

Imperial minims 

040 

— 

— . 

10 

— . 

20 


00 

U.a. minims 

. . — 

0-48 

7-7 

— 

15 

— 

60 



Imperial fluid drachms 

0 000 





0 16 



0 32 



1-25 

U.S. fluid drams 

— 

0 000 

0 125 

— 

0 25 



1 



Avoirdupois ounce 



— 

0 017 

0 02 

0033 

004 

0 13 

0 16 

Imperial fluid ounce 



— 

— 

002 



004 

. 

0 16 

U.S. fluid ounce 

— 

— 

0-016 

— 

0-032 

— 

0 125 

— 


To convert crams (or ml. or c.cm.) par litre into Units A per Unit B, trace from the Units A in use on the left to the 
vertical column corresponding to the Unit B and multiply the number of grams by the factor. To convert percentages 
(grams per 100 ml. or volume per volume) to Units A par Unit B. multiply by 10, and treat as grams or millilitres par litre. 

Example — To convert 15 ml. or c.cm. par litre to U.S. minims per U.S. fluid ounce, trace from “U.S. minims*' on the 
left to “U.S. fluid ounce'*. The factor is 0-48. Therefore the answer is 15 x 0 40 =- 7 2 or about 7 U.S. minims par U.S. 
fluid ounce. 

The figures In the above two tables are rounded off, but are accurate to within 4 per cant (which Is sufficient for all 
photographic purposes). 


Capacity Conversions 

ENGLISH TO METRIC AND AMERICAN METRIC TO ENGLISH AND AMERICAN 


English c.cm. American 

Minims Minims 


1 

0059 

0 961 

2 

0 110 

1-92 

3 

0170 

206 

4 

0237 

3 04 

5 

0-296 

4-BO 

6 

0 355 

576 

7 

0 414 

673 

8 

0474 

769 

9 

0 533 

065 

10 

0 592 

9 61 

15 

0 808 

14 4 

20 

1-10 

19-2 

30 

1 77 

200 

40 

2 37 

30 4 

50 

2 96 

40 0 

60 * 

3 55 

576 


Eng/i'sh 

Drachms 

c.cm. 

American 

Drams and Minims 

1 

3 55 

57 6 

2 

7-10 

1-55 

3 

10 7 

2-53 

4 

14 2 

3-50 

5 

17-8 

4-48 

6 

21-3 

5-46 

7 

24-9 

6-44 

0 

284 

7-41 


English 
Fluid Ounces 

c.cm. 

American Fluid 
Ounces and Minims 

i 

7 1 

1 15 

i 

14-2 

231 


21-3 

346 

i 

20-4 

461 

2 

56*8 

1-442 

3 

852 

2-424 

4 

114 

3-405 

5 

142 

4-386 

6 

170 

5-367 

7 

199 

6-340 

0 

227 

7-329 

9 

256 

0-310 

10 

284 

9-292 

20 

568 

19-103 

40 

1137 

38-207 


c.cm. English Fluid American Fluid 

Ounces and Minims Ounces and Minims 


0 1 

1-69 

1 62 

0-2 

3 38 

3 25 

0-3 

5-07 

407 

0-4 

676 

649 

05 

045 

0 12 

06 

10 1 

974 

0 7 

11-0 

1 1-4 

00 

13-5 

13 0 

09 

IS 2 

14 6 

| 

16 9 

16 2 

2 

33 0 

32 5 

3 

507 

487 

4 

676 

649 

5 

045 

01-2 

6 

101 

974 

7 

110 

1 14 

0 

135 

130 

9 

152 

146 

10 

169 

162 

15 

253 

243 

20 

338 

325 

25 

422 

406 

30 

1- 27 

1- 7 

35 

l-lll 

1- 00 

40 

1-196 

1-169 

45 

1-200 

1-250 

50 

1-365 

1-332 

55 

1-449 

1-413 

60 

2- 54 

2- 14 

65 

2-130 

2- 95 

70 

2-223 

2-176 

75 

2-307 

2-257 

00 

2-391 

2-330 

85 

2-476 

2-420 

90 

3- 80 

3- 21 

95 

3-165 

3-102 

100 

3-249 

3-103 

120 

4-108 

4- 24 

150 

5-134 

5- 32 

180 

6-162 

6- 30 

200 

7- 19 

6-366 

250 

0-304 

8-212 

300 

10-260 

10- 69 

350 

12-235 

11-390 

400 

14- 37 

13-252 

500 

17-207 

16-435 

600 

21- 55 

20-125 

700 

25-470 

23-300 

600 

20- 75 

27- 6 

900 

31-324 

30-190 

1.000 

35- 95 

33-365 
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WEI 


AMERICAN 

TO ENGLISH AND 

METRIC 

ENGLISH TO 

METRIC AND 

AMERICAN 

American 

English 

c .cm. 

Grains per 

Grams per 

Grains per 

Minims 

Minims 


English Pint 

Litre 

American Pint 

1 

1 04 

0 062 

ISO 

17-1 

125 

2 

2 0B 

0 123 

160 

205 

150 

3 

3 12 

0 165 

220 

25 1 

163 

4 

4 16 

0 246 

240 

27 4 

200 

5 

520 

0 306 

300 

34 2 

250 

6 

625 

0370 

360 

41-1 

300 

7 

729 

0 431 

400 

456 

333 

8 

0 33 

0493 

420 

479 

350 

9 

937 

0 555 

440 

50 2 

366 

10 

15 

104 
15 6 

0 616 

460 

54 7 

400 

1 -23 




20 

208 

Ounces per 

Grams per 

Ounces and Grains 

30 

40 

31-2 

41-6 

1-85 
2 46 

English Pint 

Litre 

per American Pint 

50 

52 0 

3 06 

i 

J 

12-5 

91 

60 

62 5 

370 

24 9 

162 





37 4 

273 




i 

49 9 

364 

American 

English 

c.cm. 

• k 

74 0 

1-109 

Drams 

Drachms and Minims 


2 

99 0 

1-291 



3 

150 

2-210 

1 

1- 2 

370 

4 

200 

3-145 

2 

2- 5 

7 39 

5 

249 

4- 71 

3 

3- 7 

III 

6 

299 

4-436 

4 

-<-10 

14 6 

7 

349 

5-363 

5 

5-12 

16 5 

6 

399 

6-269 

6 

6-15 

22-2 

9 

449 

7-216 

7 

7-17 

25 9 

10 

499 

B- 143 

B 

8-20 

29 6 

12 

599 

9-434 

METRIC TO ENGLISH AND AMERICAN 

American 

Enff/rsh 

c.cm. 

Grams per 

Ounces and Grains Ounces and Grains 

Fluid Ounces 

Fluid Ounces 
and minims 


Litre 

per English Pint 

per American Pint 



0 1 
0 2 

0077 

1-75 

0730 

1-46 

i 

125 

7 39 

* 

( 

249 

14*7 

0 3 

2 63 

2 19 

374 

12-2 

0-4 

3 51 

2 92 

1 

1- 20 

296 

0 5 

4 36 

3 65 

1* 

1-269 

444 

0-6 

5 26 

4 36 

2 

2- 39 

592 

0 7 

6 14 

5 11 

3 

3- 59 

667 

0 6 

7 02 

5 64 

4 

4- 79 

1 16 

0-9 

7 B9 

6 57 

5 

5- 98 

146 

| 

0 77 

7-30 

6 

6-118 

177 

1 25 

11-0 

9-13 

7 

7-I3B 

207 

1-5 

13-2 

1 10 

B 

B- 157 

237 

1 75 

15 3 

12 B 

9 

9-177 

266 

2 

17-5 

14 6 

10 

10-197 

296 

225 

19-7 

16 4 

20 

20-393 

591 

2-5 

21*9 

10 3 

40 

41-307 

1 163 

2-75 

24-1 
26 3 

20 1 
219 




3 




3-5 

30 7 

25 6 

Weight per Volume Conversions 


4 

4-5 

35 1 
394 

29-2 
32 9 

ENGLISH TO METRIC AND AMERICAN 

5 

43-6 

36 5 




6 

52 6 
61-4 

43-8 
SI I 

Crains per 

Grams per 

Crains per 

7 

English Pint 

Line 

American Pint 

6 

Q 

70-2 

78-9 

564 
65-7 
73 0 

1 

0 1 14 

0 833 

10 

077 

2 

0-228 

1 67 

15 

132 

1 10 

3 

0 342 

2-50 

20 

175 

146 

4 

0456 

3 33 

25 

219 

163 

5 

0 570 

4 16 

30 

263 

219 

6 

0684 

500 

40 

351 

292 

7 

0798 

5 63 

50 

1- | 

365 

B 

0 912 

666 

60 

1- 69 

1- 1 

9 

1 03 

7 49 

70 

1-176 

1- 74 

10 

1-14 

6-33 

B0 

1-264 

1-147 

15 

1 71 

12 5 

90 

1-352 

1-220 

20 

220 

16 7 

100 

2- 2 

1-293 

25 

2 B5 

208 

125 

2-221 

2- 36 

30 

3 42 

25-0 

150 

3- 3 

2-220 

45 

5 13 

37-5 

175 

3-222 

2-403 

50 

5 70 

416 

200 

4- 4 

3-146 

60 

6 04 

50 0 

250 

5- S 

4- 76 

90 

10 3 

74-9 

300 

6- 6 

5- 3 

110 

125 

91 6 

400 

6- B 

6-296 

120 

13-7 

99 9 

500 

10- 10 

6-151 
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WEI 


AMERICAN TO ENGLISH AND METRIC 


Groins per 
American Pint 

Ounces and Grains 
Per English P,nt 

Grams per 
Litre 

1 

1 20 

0 137 

2 

2 40 

0274 

3 

3 60 

0 411 

A 

480 

0548 

5 

6 01 

0685 

6 

7-21 

0822 

7 

8 41 

0959 

8 

9 6 

1 10 

9 

10 8 

1 23 

10 

12 0 

1 37 

15 

18 0 

2 05 

20 

240 

274 

25 

300 

3 42 

30 

360 

4 11 

45 

54 0 

6-16 

50 

60 1 

685 

60 

72 1 

822 

90 

108 

12 3 

1 10 

132 

15 1 

120 

144 

16 4 

150 

180 

205 

180 

216 

247 

220 

264 

30 1 

240 

288 

32 9 

300 

360 

41-1 

360 

432 

49 2 

400 

1- 43 

54 8 

420 

1- 67 

575 

440 

1- 91 

60 3 

480 

1-139 

65 7 


Ounces per 
American Pint 

Ounces and Grains 
per English Pint 

Grams per 
Litre 

i 

131 

15 0 

i 

263 

300 

1 

394 

44 0 

1 

I- 88 

59 9 

u 

1-351 

899 

2 

2-176 

120 

2k 

3- 0 

150 

3 

3-264 

180 

3* 

4- 08 

209 

4 

4-352 

240 

4i 

5-175 

270 

5 

6- 2 

300 

6 

7- 90 

359 

7 

8-178 

419 

8 

9-266 

479 

9 

10-354 

539 

10 

12- 4 

599 

12 

14-180 

719 


APOTHECARY OUNCES TO AVOIRDUPOIS, METRIC 
AND AMERICAN 


Ounces (Ap.) 
per English 
Pint 

Ounces (Ay.) 
ond Groins 
per English 
Pint 

Grams per 
Litre 

Ounces and 
Grains per 
American Pint 

i 

120 

13 7 

100 

k 

240 

274 

200 

! 

360 

411 

300 

1 

1- 43 

54 7 

400 

H 

1-283 

82 1 

1-162 

2 

2- 85 

109 

1-362 

3 

3-128 

164 

2-324 

4 

4-170 

219 

3-286 

5 

5-213 

274 

4-248 

6 

6-255 

328 

5-21 1 

7 

7-298 

383 

6-173 

8 

8-340 

438 

7-135 

9 

9-383 

493 

8- 97 

10 

10-425 

547 

9- 59 

12 

13- 73 

657 

10-421 


Linear Conversions 


ENGLISH (OR AMERICAN) TO METRIC 


Inches 

Millimetres 

Inches 

Millimetres 

1/64 

0 397 

7/32 

5 56 

1/32 

0 794 

i 

6 35 

3/64 

119 

9/32 

716 

1/16 

1 59 

5/16 

7 94 

5/64 

1 97 

II /32 

8 75 

3/32 

2-38 

3/8 

9 52 

7/64 

2-78 

7/16 

III 

i 

3 18 

i 

12 7 

9/64 

3 57 

9/ 16 

14 3 

5/32 

3 97 

i 

1 5-9 

11/64 

437 

1 1/16 

17 5 

3/16 

476 

i 

19 2 

13/64 

S- 17 

i 

2^-2 


Inches 

Centimetres 

Feet 

Metres 

1 

2 54 

1 

0 305 

ii 

3 81 

2 

0 610 

2 

5 08 

3 

0 914 

2i 

6 35 

4 

1 22 

3 

762 

5 

1-52 

31 

889 

6 

1 83 

4 

10 2 

7 

2 13 

«i 

114 

8 

2 44 

5 

12 7 

9 

2 74 

Si 

14 0 

10 

3 05 

6 

15 2 

12 

3 66 

si 

16 5 

15 

4 57 

7 

17 8 

20 

610 

7i 

19 1 

25 

7-62 

8 

20 3 

30 

9 14 

SI 

216 

40 

12 2 

9 

229 

50 

15 2 

»i 

24 1 

100 

30 5 

10 

25 4 

200 

61 0 

10* 

26 7 

300 

914 

1 1 

27 9 



Hi 

29 2 



12 

30 5 




METRIC TO ENGLISH (OR AMERICAN) 


Centimetres 

inches 

Metres 

Feet 

1 

0 394 

k 

0820 

2 

0787 

k 

1-64 

3 

118 

5 

246 

4 

1-57 

l 

3 28 

5 

1 97 

2 

6 56 

6 

2 36 

3 

984 

7 

2-76 

4 

1 3-1 

8 

3 15 

5 

16-4 

9 

3 54 

6 

19 7 

10 

3 94 

7 

23,0 

1 1 

4 33 

8 

262 

12 

472 

9 

29 5 

13 

5-12 

10 

32 8 

14 

5 51 

15 

492 

15 

5 91 

20 

656 

16 

6-30 

25 

82 0 

17 

669 

30 

98 4 

18 

7 09 

40 

131 

19 

7 48 

50 

164 

20 

787 

75 

246 

25 

984 

100 

328 

30 

MB 



40 

15 7 



50 

19 7 



60 

23 6 



70 

276 



B0 

315 



90 

35 4 



100 

394 
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WEI 

Area Conversion* L cos Power 

ENGLISH (OR AMERICAN) TO METRIC DIOPTERS TO INCHES AND CENTIMETRES 


Sg. ins. 

Sg. cm. 

Sg. ins. 

Sg. cm. 

1 

6 45 

60 

387 

2 

12 9 

70 


3 

19-4 

60 

516 

4 

250 

90 

581 

5 

32 3 

100 

645 

6 

387 

200 

1290 

7 

45-2 

300 

1935 

8 

SI-6 

400 

2581 

9 

58-1 

500 

3226 

10 

64 5 

600 

3871 

20 

129 

700 

4516 

30 

194 

800 

5161 

40 

258 

900 

5806 

50 

323 

1000 

6452 


METRIC TO ENGLISH (OR AMERICAN) 


Sg. cm. 

Sg. ins. 

Sg. cm. 

5g. ins. 

1 

0-155 

80 

12-4 

2 

0 310 

90 

14-0 

3 

0-465 

100 

15-5 

4 

0620 

200 

31-0 

5 

0775 

300 

465 

6 

0930 

400 

620 

7 

109 

500 

77 5 

e 

1-24 

600 

93 0 

9 

1-40 

700 

109 

10 

1-55 

000 

124 

20 

3 10 

900 

140 

30 

4 65 

1000 

155 

40 

6-20 

2000 

310 

50 

7 75 

3000 

465 

60 

9 30 

4000 

620 

70 

10 9 

5000 

775 


Power in Focus in Focus in 

Diopter ■ Centimetres Inches 


i 

400 

157 



200 

78 


1 

133 3 

52 


1 

100 

39 


it 

80-0 

31 


It 

6667 

26 


i) 

57-14 

22 


2 

50-0 

19 11/16 

21 

44-45 

171 

1 

2i 

40-0 

15 


2 

36 99 

14 5/16 

3 

33 33 

13* 

3t 

2858 

Hi 

4 

25 0 

9 27/32 

-•t 

22-22 

8 ! 

! 

5 

200 

7 


St 

18-20 

7 5/32 

6 

16-67 

6 9/16 

»t 

IS-38 

6 1/16 

7 

14-29 

SI 


7t 

13-34 

5 


8 

12-50 

4 59/64 

Bt 

11-75 

-•I 

9 

11-11 

-ii 

10 

10 0 

3 15/16 

1 1 

9-09 

3 37/64 

12 

6 33 

3 9/32 

1 21 

8-00 

3 5/32 

13 

769 

3 

1/32 

14 

7 14 

2 13/16 

15 

667 

it 

16 

625 

2 29/64 

17* 

5-72 

31 

20 

5 00 

1 31/33 


Temperature 

DEGREES FAHRENHEIT TO DEGREES CELSIUS (CENTIGRADE) 


Degrees F. 

0 

1 

2 

3 

4 

5 

6 

7 

0 

9 

20 

-6 7 

-6-1 

-5 6 

-5 0 

-4 4 

-3 9 

-3 3 

- 2 8 

-2 2 

-1-7 

30 

- 1-1 

-0 6 

0 0 

0 6 

l-l 

1-7 

2-2 

20 

3 3 

3-9 

40 

4 4 

5 0 

56 

6-1 

6 7 

7-2 

7 0 

8 3 

89 

94 

50 

10 0 

10-6 

1 l-l 

11-7 

12 2 

12 8 

13-3 

13 9 

14-4 

15 0 

60 

15 6 

16-1 

16 7 

17-2 

17-8 

10 3 

18 9 

19 4 

200 

206 

70 

21-1 

21-7 

22-2 

22-0 

23-3 

23 9 

24-4 

25-0 

25 6 

26-1 

80 

26-7 

27-2 

27-0 

28 3 

209 

294 

30-0 

306 

31-1 

31-7 

90 

32-2 

32 8 

33 3 

33 9 

34 4 

35 0 

35 6 

36-1 

36-7 

37-2 

100 

37 0 

30 3 

309 

39 4 

40 0 

406 

41-1 

41-7 

42-2 

42 0 

1 10 

43 3 

43-9 

44-4 

45-0 

45 6 

46 1 

46-7 

47-2 

470 

403 

120 

48 9 

49 4 

500 

506 

51-1 

517 

52-2 

52 0 

53 3 

53 9 

no 

54-4 

55 0 

55-6 

56-1 

56-7 

57-2 

578 

50 3 

589 

59-4 

140 

60-0 

60 6 

61-1 

61-7 

62 2 

62 0 

63 3 

63 9 

644 

650 

150 

65 6 

66-1 

667 

67-2 

670 

68 3 

68 9 

694 

70-0 

70-6 

160 

71-1 

71-7 

72-2 

72-0 

73-3 

73 9 

74-4 

75-0 

75 6 

76-1 

170 

76-7 

77-2 

77 0 

78-3 

78 9 

794 

80 0 

80 6 

01-1 

81 -7 

180 

82 2 

820 

03-3 

83-9 

84-4 

85 0 

05-6 

86 1 

B6-7 

87-2 

190 

070 

88 3 

88 9 

894 

90 0 

90 6 

91 - 1 

91-7 

92-21 

92-0 

200 

93 3 

93 9 

94 4 

95 0 

95 6 

96 1 

96 7 

97-2 

970 

98 3 

210 

909 

994 

100 0 

100-6 

101-1 

101-7 

102 2 

102 8 

103 3 

103-9 


DEGREES CELSIUS (CENTIGRADE) TO 

DEGREES 

FAHRENHEIT 



Degrees C 

0 

i 

2 

3 

4 

5 

6 

7 

0 

9 

0 

32-0 

33 8 

35 6 

374 

392 

41-0 

42 8 

44 6 

46 4 

48 2 

10 

50-0 

510 

53 6 

55 4 

57 2 

590 

608 

626 

64 4 

66 2 

20 

68-0 

690 

71-6 

73-4 

75-2 

770 

78 8 

80 6 

82 4 

04-2 

30 

860 

878 

096 

91-4 

932 

95-0 

96 8 

90 6 

100-4 

102-2 

40 

104-0 

105 0 

107-6 

109-4 

1 1 1-2 

1 13-0 

114-0 

1 16 6 

110 4 

120 2 

50 

122-0 

123-0 

125-6 

127-4 

129-2 

131-0 

132-8 

134-6 

136 4 

138 2 

60 

140-0 

141-0 

143-6 

145-4 

147-2 

149-0 

ISO 8 

152-6 

154 4 

156-2 

70 

158 0 

159 8 

161-6 

163-4 

165-2 

167 0 

168 0 

170-6 

1724 

1742 

80 

176-0 

177-8 

1796 

181-4 

103-2 

185-0 

186-8 

188-6 

190 4 

192-2 

90 

194-0 

195-8 

197-6 

199-4 

201-2 

2030 

2048 

206 6 

208-4 

210 2 

100 

212-0 

213-0 

215-6 

217-4 

219-2 

221-0 

2228 

2246 

226-4 

228 2 
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Makeshift Weights. If proper weights are not 
available certain coins can be used as a sub- 
stitute. These weights are accurate enough for 
most practical purposes, but it is important 
that new or at least reasonably unworn coins 
should be used. 

When using silver coins it is useful to 
remember that with English and American 
silver coins weight is directly proportional to 
monetary value — e.g., one sixpence and two 
one-shilling pieces are the same weight as one 
half-crown, or five dimes and a half dollar 
piece weigh the same as a dollar piece. 


EQUIVALENT WEIGHTS 


English Coins 

Grains 

Grams 

Sixpence 

43 6 

203 

Shilling 

07-2 

5 65 

Two shillings 

175-4 

1 1 -30 

Half-crown 

216 

Mil 

Farthing 

■43 75 

204 

Halfpenny 

07-5 

5 66 

Penny 

145 0 

9 44 


American Coins 

Grains 
( approx.) 

Grams 

(appro*.) 

Dime 

40 

2 5 

Quarter-dollar 

100 

6 5 

Half-dollar 

200 

13 

Silver dollar 

400 

26 

Cent 

50 

3-25 

Nickel 

60 

5 


Carefully measured lengths of copper wire, 
in any standard gauge, will provide very 
accurate makeshift weights. It is, however. 
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important to ensure that the wire is free from 
corrosion and has not been stretched. 

The following tables show the weight of 
lengths of copper wire in various gauges: 


METRIC WEIGHTS 


Weight in 

30 s.w.g. 

24 s.w.g. 

16 s.w.g. 

12 s.w.g. 

Grams 

(cms.) 

(cms.) 

(cms.) 

(cms.) 

0-01 

1-45 

0-46 



__ 

005 

7-23 

2-30 

0 46 


01 

14 46 

4 60 

096 



0-5 

72 3 

22-90 

402 

1 -03 

1 

144 6 

4595 

9-65 

2-06 

5 

— 

22975 

40-2 

10 3 

10 

— 

— 

96 5 

20 6 

50 

— 

— 

— 

103 

100 

— 

— 

— 

206 

ENGLISH WEIGHTS 

Weight in 

30 s.w.g. 

24 s.w.g. 

16 s.w.g. 

12 s.w.g. 

Grains 

(ins.) 

(ins.) 

(ins.) 

(ins.) 

i 

1 

0-92 







3 60 

1-17 





5 

10 4 

5 06 

1-23 



10 

36-6 

11-71 

2-46 

052 

50 

104 

50 55 

12 3 

2 63 

100 

— 

1 171 

24-6 

5-25 

1091 

(i oz. Av.) 

— 

120 1 

26-9 

575 

200 





49-2 

10-5 

2102 

— 

— 

53 0 

115 

(* oz. Av.) 
437$ 

(1 oz. Av.) 

- 

- 

- 

23-0 


For easy manipulation thin wire is best 
coiled up neatly and tied in a packet. J.D.C. 

Sec also: Balances and scales; Chemical calculations ; 
Chemicals; Solutions; Thermometer. 


WELLINGTON INTENSIFIED Formula for 
intensifying negatives first published by 
J. B. B. Wellington in 1889 and then in an 
improved form in 1911. 

Sec also: Intensification. 

WESTON SPEED. Arithmetical system of 
emulsion speed classification based on practical 
tests with reference to the photo-electric expo- 
sure meter of that name. The speeds can only 
be used directly with that meter, but may be 
converted approximately into other systems. 

See also: Speed of sensitized materials. 

WET COLLODION PROCESS. Method of 
making negatives on supports coated with 
iodized collodion and immersed in a silver 
nitrate sensitizing bath immediately before 
exposure. 

See also: Collodion (wet plate) process. 

WET PLATES. Early type of photographic 
plates which were coated with a collodion 
emulsion and exposed wet in the camera. They 
are still used in process work, but even there 
are being increasingly displaced. 

See also: Collodion (wet plate) process. 


WETTING AGENT. Chemical which reduces 
the surface tension of water or a watery solu- 
tion when added in extremely small amounts — 
about one part in 1,000 or even less. 

By lowering the surface tension of a pro- 
cessing solution in this way, the solution is 
made to spread evenly and quickly over the 
surface of the sensitized material. 

A wetting agent reduces the risk of air bells 
and makes for uniform development — particu- 
larly in daylight roll film, plate, or sheet film 
tanks. 

A trace of wetting agent in the final washing 
water of films and plates makes the water 
drain off the surface faster and stops it from 
drying in tears and leaving marks. 

Wetting agents are sold in liquid form, and 
sometimes even in a solid powder, under 
a number of proprietary names. 

WHEATSTONE, SIR CHARLES, 1802-75. 
English scientist. Inventor of electric tele- 
graphy. Made experiments on stereoscopy 
(with geometrical drawings) 1832-8, and in- 
vented the mirror stereoscope and the refract- 
ing stereoscope in 1832. Published his results 
in 1838. 


E. — 55* 
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WHILE-YOU-WAIT PHOTOGRAPHY. 
Strictly speaking, the term “while-you-wait 
photography" applies to the work of the 
itinerant camera operator who plies his trade 
at country fairs, at the seaside and in places of 
recreation. He makes his money by supplying 
finished prints, of a sort, to the customer 
within a few minutes of taking his portrait. 

There are other departments in which prints 
are produced in minutes — e.g., in newspaper 
offices and in photo-finish work — but these are 
not really branches of while-you-wait photo- 
graphy. 

There is also a special type of folding hand 
camera which delivers a positive paper print 
within minutes of taking the photograph 
and which lends itself, at least, to use in this 
particular field. 

A fully automatic sitter-operated machine is 
also made for while-you-wait photography. 
Ferrotype Method. The whole of what is 
generally accepted as while-you-wait photo- 
graphy of this kind is done by means of the 
ferrotype or “tintype” method. In this a black 
enamelled piece of thin sheet iron of the required 
size of the finished photograph has coated on its 
surface a sensitive emulsion fast enough to give 
brief exposure in average daylight. The camera 
and lens are of the type used in other forms of 
photography except that the back of the 
camera is designed to allow the exposed plate to 
drop directly into a container of developing 
solution attached underneath. The developer 
can be poured off and replaced by the fixer. 



ONE-MINUTE CAMERA. Land camera, utilizing image transfer 
by diffusion. The lower roll holds the light-sensitive negative 
paper, the upper roll the non-sensitive positive paper. The 
image is exposed on the negative paper; after exposure the 
negative and positive papers pass between rollers which press 
them into contact and spread a film of jellied processing reagent 
between them. After one minute, the finished positive can be 
removed on opening the camera back. 


As soon as the plate is fixed, it is brought into 
the open, rinsed in a convenient bucket of 
water, waved in the air to dry and clamped into 
a simple frame. It is usually not quite dry when 
handed to the customer, but dries completely 
a very few minutes later. The appearance of the 
photograph is quite normal because the 
particular emulsion used forms a milky image 
and the background is black enamel. This 
process was invented ' by a Frenchman and 
introduced to the French photographic world 
in 1852. In various forms it has since been very 
largely used by itinerant photographers and is 
still practised to-day. 

Paper Negative Method. Another method 
occasionally used is to make the exposure on 
negative card, which is nothing more than 
ordinary negative emulsion coated on a card- 
board base. This is developed and fixed in the 
normal way but inside a special compartment 
in the camera with light-tight sleeves for the 
operator’s arms. It is then re-photographed on 
to similar material so as to produce a positive. 
There is no need to dry the negative card before 
re-exposure, as it does not come into contact 
with the positive print. The quality of print 
produced in this way is not equal to that obtain- 
able from a transparent negative, but it is 
still quite acceptable for inexpensive portrai- 
ture. Quick drying can be facilitated by coating 
the emulsion on a waterproof based card. 
Polaroid Land Camera. The Polaroid Land 
Camera can be regarded as a special type of 
while-you-wait camera although it is designed 
for owner-use rather than as a while-you-wait 
portrait camera of the tintype variety. In this 
camera, the body, shutter, focusing and every- 
thing else follows conventional folding camera 
lines, but the back is designed to take two long 
bands of special paper in special spools. The 
double spool (one part containing negative 
paper and the other positive paper) is loaded 
into the camera in daylight and when wound on 
to the first exposure in the normal way the 
negative paper is drawn into position to face 
the lens. 

After exposure a strip of paper projecting 
from the camera is pulled and the exposed 
negative paper passes round the bottom of the 
inside of the camera and is squeezed into con- 
tact with the positive paper. The pressure 
bursts a narrow capsule or pod extending the 
width of the paper band (one for each picture 
length) and releases the processing chemicals 
in the form of a jelly-like material. This jelly 
spreads over the surfaces of the papers as they 
press into contact. The chemical immediately 
starts to develop the negative and simultane- 
ously the developing negative acts on the 
paper in contact with it, producing a fixed 
positive image. After an interval of one minute 
a special door on the back of the camera is 
opened to reveal the back of the sheet of posi- 
tive paper. This has a small tab attached and is 
perforated along the edges of the picture. When 
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the tab is pulled upwards the perforations 
break and the finished photograph, still 
slightly damp but completely developed and 
fixed, can be peeled off the negative paper. 

In the early model the image was brown 
and white but nowadays the results resemble an 
ordinary black-and-white print on semi-glossy 
paper. As the transport tab is pulled to advance 
the exposed negative, it automatically brings 
an unexposed frame into position. 
Sitter-Operated Camera. In suitable sites — 
e.g., the big stores — in the United States and 
on the Continent of Europe and in a few places 
in England, there are special automatic 
while-you-wait portrait booths. The user sits 
in a chair inside a cubicle about the size of a 
telephone box and adjusts his position to bring 
his eyes level with a mark on a mirror in the 
booth. Other mirrors in the cubicle help him 
to assume the desired expression. When he is 
ready to be photographed he simply inserts a 
coin in a slot and the machine goes into action. 
The photographic lighting switches on, an 
automatic camera makes the exposure, and 
within one minute the machine delivers the 
finished portrait in the form of a black-and- 
white paper print in a metal frame. 

What happens behind the scenes is this: there 
is an automatic camera fitted with a wide 
aperture, short focus lens, and loaded with 
reversal paper already cut to picture size with 
each separate piece mounted in a metal frame. 
After exposure, the paper drops into a hori- 
zontal position and a measured quantity of 
each of the various processing solutions is 
squirted in turn on to its sensitized surface. 
The metal frame acts like the sides of a dish 
and prevents the processing solution from 
running off. 

The processing routine follows the normal 
reversal procedure— i.e., develop, rinse, bleach, 
clear, second exposure, and final development. 
No fixing is of course required and the print is 
reasonably permanent without further treat- 
ment. 

The manipulation and processing are all 
carried out automatically and the tempera- 
ture inside the mechanism is kept at 90° F. 
(32-2° C.) by a thermostat. All processing tanka 
are fitted with floating lids and the solutions 
are renewed when necessary. The times of the 
various operations in the automatic cycle can 
be adjusted to suit local conditions. P.W.H. 

See alao: Reversal process. 

WHOLE PLATE. Standard format for nega- 
tives and prints measuring 6£ x 8£ ins. (about 
16-5 x 21 -6 cm.). 

See also: Sizes and packings. 

WHOLESALE PHOTO FINISHING. The 
photographic dealer who operates a developing 
and printing service for amateur roll films very 
rarely carries out the work himself. He is much 



PHOTO-FINISHING LABORATORY. Solid arrows dtaw flaw of 
work for standard developing and contact printing order*, 
dotted arrows for enlargements. A, stores. 8. office. C, film 
developing. D, enlarging. E. film drying and sorting. F, chemi- 
cals and mining. G, print finishing ( washing , drying, glazing) 
and packing. H, men’s cloakroom and toilet. I , contact 
printing. J, women's cloakroom and toilet. 

more likely to send the films to a wholesale 
photo finishing establishment specially organ- 
ized and equipped to deal with films in large 
quantities. Such 'Establishments are known as 
D. & P. (i.e.. Developing and Printing) works. 
They vary in size from the so-called “one-man” 
business to hug: concerns capable of pro- 
cessing many thousands of films per day. 

In principle the organization and equipment 
of all D. & P. works are alike, and vary only in 
size and quantity of equipment. This makes it a 
simple matter to expand the productive capa- 
city of the plant as the business grows. 
Organization. When the customer’s film is 
handed to a retail photographic dealer or 
chemist for developing and printing, it is 
passed on to the photo finisher who processes 
and prints it. It is then returned to the dealer 
with the prints and finally handed back to the 
customer in as little as twenty-four hours from 
the time he took it in. For acting as the agent 
of the photo finisher, the dealer receives a 
percentage of the retail price. 

While all work is handled in bulk, each film 
is recorded separately. The dealer attaches a 
numbered order form to the roll and this form 
stays with the film all through the processing 
and until the finished negatives and prints are 
ready for handing to the customer. The form is 
stamped with a dealer’s number which tells the 
finisher to which account the order should be 
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charged. The finisher retains half of the form 
to enable him to make up his accounts. 

Finishers supply their dealers with order 
pads, price lists and window display showcards 
and as a rule they run a motor van collection 
and delivery service to the dealers' shops. 

The D. & P. works consists generally of six 
departments: office, tank-room, drying-room, 
contact printing section, enlarging department, 
and finishing-room. There are often several 
other sections, for instance, those which deal 
with checking of work, packing and dispatch, 
miniature film processing, chemical mixing, 
maintenance, etc. 

The work is usually handled in ten-minute 
units, films being divided into batches which 
will take ten minutes to develop, ten minutes to 
print, multiples of ten minutes to wash and so 
on. This standardizes the flow of work through 
the various departments and maintains an 
easily controlled and supervised production. 
Developing. Films are developed in vertical 
tanks made of glazed stoneware, stainless steel 
or hard rubber. These vary in size from 12 to 
48 gallons capacity or even more in the very 
large establishments. 

The films are stripped of their protective 
backing-paper and are placed in spring clips 
by which they are suspended in the tanks from 
stainless steel rods with the order forms clear 
of the solution. Solutions are wanned by 
immersion heaters and the temperature in each 
tank is maintained at a constant level by a 
thermostat. Replenishing solution is added to 
the developing tanks to maintain a constant 
level and strength so that all processing times 
can be kept at a standard figure. 

Printing. After the final wash, the films are 
dried in heated cabinets at controlled tem- 
peratures and passed on to the printers. 

There are various types of printing machine 
— e.g., the “judgement printer” with which a 
skilled operator examines each negative and 
relies on experience in judging the correct type 
of sensitive paper and the right exposure time 
for each print, the semi-automatic machine 
which depends on visual comparison of a set 
of standard negatives and those to be printed, 
or which “reads” the negative through a 
photo-electric cell. 

Finally there is the “roll head” printer on 
which the exposure is either “read” on a dial 
and set manually or which may set itself auto- 
matically as it “reads”. Machines of this type 
use only one contrast grade of paper in roll 
form and the prints are cut off in strips, one for 
each film printed. The prints are developed and 
fixed in dishes or trays and are washed in 
tanks with jets of water to keep the prints 
moving. 

Finishing. The prints are usually dried and 
glazed on a rotary glazer with a heated drum. 
The operator places the prints on a moving 
band and they are transferred to the drum 
from which they fall dry and glazed into a tray 
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in about four or five minutes. Hand- or 
treadle-operated trimmers are used to trim off 
the edges of the prints to produce a neat, even 
border. Prints are then sorted to their correct 
orders by “printing numbers” which are 
stamped on both order forms and prints in the 
printing-room. 

Meanwhile the rolls of film have been cut 
into separate negatives and placed into wallets 
to await the prints. Completed orders are 
passed to checkers who examine the work for 
good quality and correctness of execution. 
Faulty prints are returned to the printing 
department to be reprinted. 

Dispatch. On completion of work the orders 
go to the office for pricing and invoicing, then 
to the packing department, if they are to be 
posted, or into dealers' bags if they are for 
van delivery. 

Minia ture Negatives. Negatives to be enlarged 
are handled by skilled operators who use 
vertical enlargers (sometimes with automatic 
focusing) capable of producing high quality 
enlargements at considerable speed. Many 
finishers have also a special department for 
handling 35 mm. and other miniature sizes 
because of the great care needed to produce 
results of satisfactory quality from small nega- 
tives. 

Automatic Finishing Plants. Large photo- 
finishing concerns make extensive use of pro- 
cessing machines, especially for colour work. 
These include continuous film processing units, 
roll-head printers for printing negatives on 
rolls of paper which pass through similar auto- 
matic processing machines, and mechanized 
glazers and trimmers. The latter are motor 
driven and may cut several hundred prints per 
minute. 

Such automation also demands a high degree 
of standardization of processing and printing 
csnditions (use of universal contrast papers, 
automatic negative grading, etc.) to keep up the 
smooth flow of output. L.G.S. 

See also: Processing machines. 

WIDE-ANGLE LENS. Any lens which covers, 
across the diagonal of the negative, an angular 
field of view of 60° or more can be classified 
as a wide-angle lens. This field corresponds to 
a negative diagonal slightly in excess of the 
focal length of the lens. 

There are many types of wide-angle lens 
ranging from very simple forms which can 
only operate at very small relative apertures 
to complex constructions either operating at 
large relative apertures or at extreme image 
angles. 

Design. With the exception of the inverted 
telephoto system, wide-angle lenses tend to be 
more symmetrical about a central diaphragm 
than other photographic lenses and their lens 
components are usually strongly meniscus in 
shape with the concave surfaces facing in- 
wards. 
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Simple wide-angle lenses can be made to 
cover fields of view of 90° or 100° but at 
these angles useful results are only obtainable 
at apertures of /II or /16. At such small 
apertures poorly lighted subjects cannot be 
focused and composed satisfactorily on a 
screen in the camera. Some manufacturers 
choose a lens form which gives, for this pur- 
pose, an acceptable visual image at about / 6-5. 
These forms must, however, be stopped down 
to about /16 before they reach the necessary 
photographic standard of definition. 

There are of course many applications which 
demand relative apertures more in keeping with 
modem photographic practice. These needs 
have been met by modifications to more 
complex lens constructions to cover fields of 
view of about 75° at relative apertures up to 
about/4. 

niaminatioa of the Field. The increased angular 
field of wide-angle lenses draws attention to 
the difficulties of providing sufficiently uniform 
illumination throughout the image. 

Even a perfect lens provides a variation of 
illumination across the negative which varies 
as the fourth power of the cosine of the semi- 
angular field measured from the lens axis. 

For example, at a point in the image corres- 
ponding to 30° of the semi-angular field 
such a lens can only provide a level of illumina- 
tion 56 per cent of that in the centre of the 
image. At an angular field position of 45° 
the illumination falls to 25 per cent of that in 
the centre. These percentage reductions in 
illumination are not affected by change of 
relative aperture. 

Vignetting. Well corrected wide-angle lenses, 
however, have appreciable axial length and can 
be considered as hollow cylinders through 
which axial and oblique beams of light have to 
pass. Such a cylinder obviously cannot pass 
an oblique beam as wide as the axial beam 
because the front and rear apertures of the 
cylinder vignette (i.e., cut off part of the dia- 
phragm opening as seen from the edge of the 
field). 

This type of mechanical vignetting aggra- 
vates to a considerable extent the optical 
cosine vignetting referred to above. In many 
cases wide-angle lenses are designed so that 
their front and rear apertures can be in- 
creased beyond those required for the axial 
beam alone thereby reducing this mechanical 
vignetting as much as possible. 

Stopping down a lens of finite length by 
means of a central iris reduces the diameter of 
the axial beam and since front and rear 
apertures are not affected the mechanical type 
of vignetting will be reduced. It is usually 
completely removed at intermediate apertures 
leaving a lens which approximately obeys the 
cosine law. 

Inverted Telephoto System. Entirely different 
forms of wide-angle lenses are based on what 
is known as the inverted telephoto system. In 



INVERTED TELEPHOTO LENS. Covers wide angle with long 
back focus for short focal length. A, diverging lens group. 
B, converging group. F, equivalent focal length. BF, back focus. 

these the lens comprises a front dispersive 
component of relatively large diameter widely 
spaced from a rear collective component. The 
arrangement results in a distance between the 
rear surface and the focal plane which can 
exceed the focal length. This is particularly 
advantageous in small cameras in which the 
focal length has to be small and shutters or 
other mechanisms are situated between the 
lens and the film. 

The inverted telephoto wide-angle lens is 
largely restricted to these small cine and 
miniature cameras since it is a very bulky form 
of lens relative to its focal length. Distances 
between the front lens surface and focal plane 
of up to five times the focal length are quite 
common and diameters, especially at the front, 
are correspondingly large. This large bulk and 
obvious departure from symmetry make in- 
verted telephoto lenses readily recognizable. 

This form of lens has other very desirable 
characteristics. It can be designed with greatly 
improved vignetting and achieve, simul- 
taneously, wide angle and large aperture. 
Angular fields of about 75° can be covered 
by this form at apertures greater than /2 — 
a performance not yet equalled by more 
symmetrical lens forms. 

Distortion. Provided the object lies solely in a 
single flat plane at right angles to the lens axis 
and also that the sensitive emulsion is at right 
angles to the lens axis, a wide-angle lens cor- 
rected for distortion will record, throughout its 
field of view, a correct geometrical reproduc- 
tion of the object. 

Although distortion in the aberrational sense 
may be absent from the lens itself, there are 
independent geometrical factors affecting pers- 
pective which, under certain viewing conditions, 
can be distorted to an objectionable extent. 
Perspective. When wide-angle lenses are em- 
ployed it is often impossible to maintain the 
ideal conditions for rendering perspective. In 
wide-angle photography it is likely that the 
camera viewpoint will be too near the object 
and also that the focal length of the camera 
lens (multiplied by the enlarging factor, if any) 
will be less than the viewing distance of eye to 
photograph. Both these factors introduce an 
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unusual perspective which appears as a dis- 
proportionately large variation in the scale of 
foreground objects to background objects. 

This violent variation in size between near 
and far objects apparently increases the depth 
dimension in the photograph to an unnatural 
degree. Since the wide-angle lens has a good 
view of the sides of objects at the edges of the 
field, this increase in depth is more apparent 
there than at the centre. 

Thus the distortion in three-dimensional 
objects at the sides of the photograph is such 
that they appear to be too large in the direction 
parallel to the lens axis. 

Perspective can be restored to some extent by 
viewing the photograph from such a distance 
that it subtends the same angle at the eye as the 
original scene subtended at the camera. It 
should be realized, however, that this can only 
be achieved for monocular vision and that, 
although the eye then sees exactly what the 
lens saw, different mental processes are em- 
ployed in viewing a real scene and in viewing 
a single plane reproduction. G.H.C. 

See also: Corering power; Telephoto lens. 

Book: Photographic Optics, by A. Cox (London). 

WIDE-ANGLE RACK. Supplementary focus- 
ing rack on the baseboard of a stand camera 
which allows the lens panel to be racked back 
from the normal infinity stop so that a wide- 
angle lens may be focused. This is necessary 
because the short focal length of the wide-angle 
lens brings it closer to the plate than a normal 
lens. 

Sometimes the sliding member on the base- 
board of a stand camera can be racked right 
out and reversed to bring the lens closer to 
the plate. 

See also: Camera movements. 

WIDE SCREEN PROJECTION. Motion 
picture projection on' to a wider-than-normal 
screen. The screen is usually slightly curved 
towards the audience who, in consequence, 
experience a sensation of participation in the 
action of the film. 

There are various systems for achieving more 
or less similar effects. 

See also: Three dimensional projection (3 D). 

WILLIS, WILLIAM, 1841-1923. English 
engineer, bank employee and photographer. 
Patented the Platinotype process in 1873 and 
founded the Platinotype Company which 
manufactured platinum development paper 
from 1878 onwards. Later worked out the 
Satista (silver-platinum) and the Palladiotype 
papers. Received the Progress Medal of the 
Royal Photographic Society in 1 881. 

WINTER SPORTS. Snow scenes can be taken 
with any camera, but for winter sports a small 
camera is best. Any size, from 35 mm. to 
2J x 3f ins. is suitable, but the miniature is 


preferable for long ski tours and similar winter 
sports; it reduces the problem of carrying film 
and does not weigh down the photographer, 
who is already loaded with his gear and 
sufficiently tired by the exertion of ski-ing. The 
lighter the camera and the handier its controls, 
the better the results will be when fingers are 
stiff from the cold. 

For sports photographs a long focus lens 
will be found useful, to fill the negative with 
figures which would otherwise be disappoint- 
ingly small — e.g., a ski-jumper coming down a 
steep slope. Experts usually prefer a frame 
finder as it shows everything in its natural size 
and makes it easier to follow fast movement. 

Miniature cameras are also to be preferred 
for another reason: they can be carried under 
the outer clothing and so kept warm in colder 
weather. Old shutters give slower exposure 
times in lower temperatures, and the 1/100 
second setting may easily become a 1/50 second 
or more. With a camera that cannot be 
protected from the cold, the slowing down may 
have to be corrected by selecting a shorter 
exposure. 

If the camera is to be carried on the chest 
whilst ski-ing or climbing, a length of elastic 
around the camera and chest will prevent it 
from swinging or bouncing. 

In dazzling snowscapes a lens hood is an 
essential accessory and also, above about 
3,500 feet; a light or medium yellow filter and 
a U.V. filter. 

Film and Filter. For snow pictures nothing but 
panchromatic film is of any use and it should 
generally be of medium speed. Snow shadows 
are tinted blue by the reflection of the blue sky 
and on the very blue-sensitive ortho film the 
shadows would appear too pale; the show 
would lose its translucent appearance and look 
like plaster of Paris. 

Correctly exposed, pan film of medium 
sensitivity will reproduce the brilliance of the 
reflections from the snow crystals. 

The type of filter, if any, to be used depends 
upon position and altitude. In the lower 
reaches, a medium yellow filter will generally 
improve the sky tones and snow texture; at 
medium heights a light yellow filter is all that 
is necessary. At altitudes from 3,500 feet up 
a U.V. filter is essential. The U.V. filter is 
practically colourless glass, which removes a 
large amount of the ultra-violet rays always 
present in the light at great heights. 

For pictures in the mountains filters must be 
used with caution. If the filter is too deep, 
the photographs will lack the characteristic 
atmosphere of the mountain scene. 

Deeply tanned faces produce a filter problem 
of their own. Correct filters show the tanned 
faces and the deep blue sky in nearly the same 
grey tones. Stronger filters make the faces 
lose their deep tan and render the sky too dark. 
Light filters make the faces too dark against a 
very light sky. The final choice must be a 
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compromise depending on the conditions and 
the photographer’s taste, 
light and Exposure. Snow photographs are only 
effective when taken in sunshine. Without sun, 
snow scenes always look flat. Early morning 
and the afternoon, when shadows are strong 
and clear, are the best times for photograph- 
ing. 

Good photographs can be obtained with side 
lighting; but the best are almost always taken 
against the sun, when it is high in the sky. 
Only strong sidelighting or clear light shining 
towards the lens can give the snow its true 
sparkle, and this sparkle is essential for con- 
veying the optical effect of snow. 

The exposure times must be correct; there 
is little or no margin one way or the other. 
Fully exposed photographs have a tendency to 
lack detail in the highlights with normal devel- 
opment. It is preferable to expose fully and cur- 
tail development to about two-thirds normal. 

With the abnormal amount of general 
reflection coming off the snow, the exposure 
meter can only be relied on up to a point. 
The readings are correct f or the snowscape by 
itself, but as soon as the foreground includes 
shadow detail the exposure must be doubled. 
For near shots close-up readings are necessary. 
The Subject. A picture taken on a slope lying 
diagonally across the light or illuminated from 
the side by the sun, so that it sparkles with 
reflected light, should generally have one 
interesting item sharply defined in the fore- 
ground to provide a base for the composition. 

Ski photographs come out best when there 
is freshly fallen powder snow about. This 
sweeps up on both sides with the movement of 
the skis, and the cloud of powdered snow, 
taken when it is a little windy and against the 
sun, can make a most impressive picture. 

When taking photographs of skiers or ski- 
jumpers the choice of the correct positioning 
is everything. The shadow side of a hill, with 
the sun shining across the crest will always 
make a good vantage point for photography. 
As the skier moves downhill, the clouds of 
snow he raises are brilliantly illuminated against 
the sun. Under these conditions a long focus 
lens and frame finder are particularly useful 
accessories. 

Pictures of skaters are generally easier to take 
because they can if necessary be rehearsed and 
repeated. The most interesting subjects are 
undoubtedly figure skaters, and the light is 
generally bright enough to allow exposures of 
1 /200 to 1 /500 second which is short enough to 
arrest the movement. Pictures of racers are 
only interesting if they are taken close enough 
to catch the tense expressions of the com- 
petitors and at an instant when the grouping is 
dynamic. Mere speed as such does not register 
convincingly. 

The last rule holds good also for pictures of 
toboggan and bobsleigh races. These should be 
taken on the comers where the racers mount 


high up the banking and thus convey an im- 
pression of their speed. At sucTFpoints there is 
also a chance to photograph a spill. Zone 
focusing and a shutter speed of 1 /SIX) second 
(less if the camera is swung) are the best com- 
bination for such subjects. 

Curling is a game that moves more slowly 
and is usually played by individuals of a more 
assorted and characterful type. Their gestures 
and antics aimed at guiding the “cheese” 
make amusing pictures. No great shutter 
speeds are called for; near or medium zone 
focusing at 1/50 to 1/100 second should give 
good results. 

In ice hockey the most profitable area for 
the photographer is the striking circle in front 
of the goal. This is where all the shots for goal 
are made and where the most exciting inci- 
dents happen. As the puck can be a dangerous 
missile, it is wiser to work at a distance with a 
long focus lens. Action shots will require 
exposures of about 1 /500 second and shots of 
players taking a comer or free hit, no more 
than I / 100 second. 

Making the Print. The negative must be well 
graduated but not too thin, or the print will lack 
vigour. On the other hand, if the negative is 
too hard, the result will look more like white 
plaster than snow. It is true, however, that 
no print on paper can truly reproduce the 
sparkling brilliance of a snow scene. A trans- 
parency is much more likely to produce the 
desired effect 

For the best results from paper prints all 
snow pictures should be printed on highly 
glossy paper with plenty of contrast and clean 
highlights. 

Chloride papers generally give better results, 
as their tonal range is greater than that of 
bromide paper; the blacks are deeper and the 
half-tones richer. R.K. 

See also: Ice rink; Movement; Snow; Sports. 

Book: All About Winter Sports, by H. Wolff (London). 

WIRING. The electrical wiring of a building 
carries the mains supply to the various lamps, 
heaters, and other pieces of equipment that 
make up the permanent installation. It also 
supplies convenient points to which items of 
portable or movable equipment can be con- 
nected by flexible leads. 

Permanent Wiring. Permanent wiring consists 
of copper conductors insulated with vul- 
canized indiarubber (V.I.R.), or nowadays 
more often in plastic. These insulated wires 
may be run in metal conduit, sheathed with 
lead, sheathed with tough rubber, or simply 
supported away from the wall surface on 
porcelain cleats. 

The thickness and number of the copper 
wires is always arranged to be more than 
sufficient to carry the heaviest load that the 
circuit is likely to impose, and the insulation is 
always tested to withstand many times the 
supply voltage. 
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THREE-PIN PLUG AND SOCKET. E, earth pin, connected to 
green wire of cable or flex. N, neutral pin, connected Co black 
wire . L, live pin, connected to red wire. 

The installation or extension of the per- 
manent wiring of a building calls for a qualified 
contractor; amateurs and handymen who 
insist on treading on such dangerous ground 
should at least consult the I.E.E. regulations 
on the subject. 

Flexible Wiring. The wiring to standard lamps 
may be made of twin twisted insulated flexible 
wire; all other portable equipment must, by 
regulations, be connected to the supply through 
three-core circular braided flexible cable. This 
cable consists of three insulated conductors, 
coloured red, black and green, laid up with 
hemp worming into a circular section and 
covered with either indiarubber, braid, or both. 

The colours indicate how the flex is con- 
nected to its plug and to the equipment: red, 
to the live pin of the plug and the switch on 
the equipment; black to the neutral pin of the 
plug; and green to the earth pin of the plug 
and all exposed metal parts of the equipment. 
(At one time, the earth wire was coloured 
brown, but green is now the approved colour.) 

The current rating of flex should never be 
less than the maximum working current of the 
equipment to which it is connected, to avoid 
overheating and danger of fire. 

Socket Outlets. The supply points to which 
equipment is plugged in are known as socket 
outlets. There are three standard sizes: 2 amp, 
5 amp and 1 5 amp. Nowadays two-pin sockets 
are no longer fitted ; all sizes are of the three- 
pin type. The socket for the large pin is 
connected to earth and when the socket is 
looked at with this hole at the top, the hole on 
the left (marked N) is connected to the neutral 
(black) wire, and that on the right (marked L), 
to the live (red) wire. 

When the outlet is controlled by a switch, 
the assembly is known as a switch socket out- 
let. The better types of socket outlet have an 
automatic shutter that covers the live and 
neutral sockets when the plug is withdrawn. 
The shutter is released by the earth pin on the 
plug so that the arrangement prevents two- 
pin or non-standard plugs from being used. 
Plugs. The plugs by which the equipment is 
connected to the socket outlet are made in 2, 
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5 and IS amp sizes. Most plugs nowadays 
incorporate some type of clamp which firmly 
anchors the flex to the body of the plug and 
prevents any strain from being taken by the 
wire at the terminals. 

Three-pin plugs are wired in this way: look- 
ing on the back of the plug, with the earth pin 
at the top — brown or green wire to the earth 
pin; black wire to the left pin (marked N); red 
wire to the right pin (marked L). 

Distribution. The main supply cable is con- 
nected to a pair of f uses as close as possible to 
its point of entry into the building. These fuses 
fix the total amount of current that can be 
drawn from the mains by the equipment in the 
building. The main fuses are there to protect 
the supply cable; they are sealed in their own 
fuse box and if they “blow” they must be 
replaced by the supply authority. 

The cables that emerge from the main fuse 
box pass via the meter (which measures the 
number of units used in the building) to one or 
more distribution boxes. These distribution 
boxes hold sets of fuses which are connected 
to the various sub-circuits of the permanent 
wiring. Each sub-circuit supplies its own group 
of points — lamps, heaters, etc. 

The maximum safe load that the sub-circuit 
wires will carry fixes the type and amount of 
equipment that can be connected to it. It also 
fixes the value of the fuses in that outlet. 

In planning the distribution it is assumed that 
only a proportion of the equipment on any 
sub-circuit will be switched on at one time. 
So if the maximum safe current that can be 
carried by the cable in a sub-circuit is IS amps, 
the capacity of the f use must also be 1 5 amps. 
But the circuit could include enough equip- 
ment to impose a load that, if it were all 
switched on at the same time, would be more 
than IS amps. 

The idea of dividing the distribution network 
into sub-circuits is to make the system safe. 
In a correctly planned system, as soon as any 
distribution cable, flex, or piece of equipment 
carries substantially more than its rated current, 
a fuse blows and that part of the system be- 
comes dead. 



STANDARD DISTRIBUTION NETWORK. The current supplf 
reaches the meter through the service fuses, and is then dis- 
tributed to subsidiary fuse boxes and hence to permanent 
lighting and power circuits 
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R ING MAINS. The mains supply reaches the meter through the 
service fuses, and thence goes along the ring main all round the 
building. Outlets wired as required, used with fused plugs. 

This is why it is not good practice to connect 
a piece of equipment that only takes a small 
cunent — a 25 watt safelight, for instance — to 
a power point. A short circuit in the thin flex 
of the safelight could carry enough current to 
heat it up and start a fire without blowing the 
15 amp fuse of the power circuit. If the safe- 
light is connected as it ought to be, to a circuit 
reserved for lightly-rated equipment, the 
current need rise no higher than two or three 
amps before blowing a fuse. 

Ring Main Distribution. Until recent years 
there was no alternative to the sub-circuit 
system of distribution. Nowadays, however, 
there is a new system — Ring Main Distribu- 
tion — which may in time become universal. 
This method employs a single heavy-duty 
cable in place of the multitude of sub-circuits. 
The only fuse in the wiring is the main fuse, 
rated to carry the entire current of all the 
equipment in the building. 

All the heating, and power connexions are 
provided by 13 amp socket outlets connected 
directly to the main cable. These 13 amp socket 
outlets will accept only the special flat-pin 
fused plugs designed for them, and each piece 
of equipment carries its own fuse in the plug 
that connects it to the ring main. 

The size of the f use depends upon the current 
rating of the equipment, but the plug is always 
the same size, whether it belongs to a 3 kW. 
heater or a 25 watt safelight. All fuses are of 
the cartridge type and the plugs are designed to 
allow the fuse to be changed easily. F.P. 

See also: Fuse; Lamp caps and fittings. 

WOLCOTT, ALEXANDER, 1804-44. Ameri- 
can instrument maker and daguerreotypist. 
Designed a camera without a lens which the 
light entered to be reflected by a concave 
mirror on to the plate (which was turned away 
from the subject). On the 7th October 1839 
probably took the first successful portrait ever 
made. 

WOLLASTON, WILLIAM HYDE, 1766- 
1828. English physician and scientist. Made 
many improvements to optical instruments. 


especially the microscope and the camera 
obscura. Invented the meniscus lens in 1812 
and invented in 1807 the camera lucida. In 1802 
observed the blackening of silver chloride in 
the ultra-violet part of the spectrum. Also 
observed the dark lines (better known as the 
Fraunhofer lines) in the solar spectrum. 

WOODBURY. WALTER BENTLEY, 1834- 
85. English professional photographer. Invented 
in 1 864 the Woodburytype process of printing 
with pigmented gelatin from lead moulds which 
had tarn obtained from chromated gelatin 
reliefs. The process was widely used as it pro- 
duced prints with all half-tones, high definition, 
and without any grain or screen. It was super- 
seded in the late 1 880’s by Collotype and other 
processes whose prints did not need trimming 
and mounting. Invented stannotype 1879. 
Woodbury also worked on balloon photo- 
graphy, on rotary printing and on stereo- 
projection. Received the Progress Medal of the 
Royal Photographic Society in 1883 for his 
stannotype process. 

WOODBURYTYPE. This obsolete photo- 
mechanical printing process produced magni- 
ficent reproductions in monochrome and was 
probably the only photo-engraved method 
which had absolutely no grain or half-tone dot 
formation. It was named after its inventor 
and was us«d from about 1864 until the turn 
of the century. 

A high gelatin relief was made on special 
carbon tissue by printing from a continuous 
tone negative. The relief was dried and 
pressed into lead in an hydraulic press. The 
lead cast thus obtained provided the “printing 
plate”. 

A warm solution of pigmented gelatin was 
poured into the lead mould, allowed to set and 
then transferred on to a sheet of paper pressed 
into contact with it. Woodburytype was a true 
continuous tone intaglio process, but, although 
its results were beautiful, it was superseded by 
other processes which were more rapidly 
printed. 

Woodburytype prints can always be identified 
by their complete lack of any grain and by the 
fact that they are always trimmed flush and 
mounted separately into the page. F.H.S. 

WOOD PRINTS. Wood and similar materials 
can be treated so that they can be printed with 
a photographic image. The printing may be 
carried out by contact printing by daylight or 
artificial light, or by enlarging. 

After the surface of the wood has been 
sealed and, if necessary, coated with a white 
base for the image, it may be printed on by any 
of the following methods : 

(1) The surface may be brushed over with a 
sensitized coating or emulsion, exposed under 
the negative by contact or in the enlarger, and 
then developed. 
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(2) It may have the image transferred to it 
by the method of transfer coating. 

(3) It may take the place of the final support 
in the carbon or carbro processes. 

See alio: Printing on special supports. 

WOOD’S LAMP. Source of ultra-violet 
radiations consisting of a high pressure mercury 
vapour lamp with an outer glass envelope 
incorporating a filter layer of nickel oxide. 

The lamp is named after Wood, the physicist 
who introduced this type of filter in 1913. The 
filter cuts off practically all visible radiations, 
leaving only a deep violet glow visible when the 
vapour tube is looked at directly. Although the 
very short rays are absorbed by the glass 
envelope, the lamp emits a useful band of ultra- 
violet rays. Commercially, lamps of the 
Wood type are used as a source of “black 
light” — e.g., for shop window display novel- 
ties — and for rendering visible laundry marks 
printed in colourless fluorescing ink. For 
photography by reflected ultra-violet rays, it is 
more convenient to filter out the unwanted 
rays by placing a suitable filter in front of the 
lens instead of over the source as in a Wood’s 
lamp. 

Lamps of this type must be used in con- 
junction with a choke since the internal resis- 
tance is not constant. For this reason the lamp 
cap has three pins to prevent its being acci- 
dentally inserted in an ordinary two-pin 
bayonet holder. As the lamp does not give its 


full efficiency until the temperature has reached 
a certain value (which varies according to the 
lamp’s construction and characteristics) it 
must be switched on five or ten minutes before 
it is wanted. Once switched off, the lamp cannot 
be switched on again until cold enough to allow 
the arc to strike again. 

See also: Discharge lamp ; Ultra-violet and fluorescence 
photography. 

WORKING APERTURE. Largest aperture at 
which a lens will give a satisfactory negative, 
as opposed to the largest aperture to which the 
diaphragm can be opened. A wide-angle lens 
may have a large aperture to give a bright 
enough image on the focusing screen to allow 
the picture to be arranged, but its standard of 
definition at this opening may be unsatis- 
factory. Such a lens needs stopping down to its 
known working aperture before making the 
exposure. 

See tin : Diaphragms. 

WRATTEN, FREDERICK CHARLES 
LUTHER, 1840-1926. English photographic 
manufacturer, founder (1878) of the firm of 
Wratten and Wainwright, Croydon. Invented 
in 1878 the “noodling” of silver bromide 
gelatin emulsions before washing, and manu- 
factured silver bromide gelatin dry plates in 
1 878. Produced the first panchromatic plates 
in England and became a famous manufacturer 
of photographic filters. 
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XEROGRAPHY. Dry photographic process 
in which the sensitive material consists of a 
plate carrying an electrical charge on the surface. 
When the plate is exposed to light, the light 
destroys the charge wherever it falls. So it 
leaves an invisible image in which charge- 
bearing areas represent shadows and discharged 
areas represent the highlights. On dusting the 
plate with powdered pigment this is attracted 
only to the charged areas. The result is a 
photographic image in powdered pigment. 



XEROGRAPHY. I , Surf ace of specially coated plate charged 
electrically by charging wires. 2. Exposure in camera locally 
discharges plate. 3. Treatment with fine powder reveals charged 
areas. 4. Plate covered with paper and passed through charging 
wires again. 5. This transfers powder image from plate to 
poper. 6. Heat fuses powder permanently into support. 


Xerography offers a rapid means of repro- 
ducing direct-positive, line or continuous tone 
images in monochrome. The result measures 
up favourably with ordinary photographs 
taken by orthodox methods. 

The process was originated by C. F. Carlson 
under the name of Electro-photography. 

In practice, a metallic plate with a thin con- 
ducting coating of a semi-conductor such as 
selenium or sulphur is sensitized by passing it 
under a wire carrying an electrical charge of 
several thousand volts. This covers the plate 
with a layer of positive electrical charges. 

The plate sensitized in this fashion can be 
exposed in the camera or by any of the normal 
printing methods. Its sensitivity is similar to 
that of an orthochromatic film with a speed of 
0-3 ASA to tungsten illumination. The resolu- 
tion may be as high as 30 lines/mm. depending 
on the fineness of the powder particles. 

A paper print may he made from the plate by 
placing a sheet of paper in contact with it and 
passing both, paper uppermost, under the 
charged wire. Under those conditions the paper 
becomes charged and attracts the powder 
particles from the weakly-charged image areas 
on the plate. So the image on the plate simply 
transfers itself to the paper. It can be made 
permanent by heating it until the powder fuses 
and sinks into the paper. 

The process is also used in radiography. It is 
then known as xeroradiography — similar to 
xerography except that X-rays instead of light 
are used to form the image. 

Because a result can be produced quickly, 
xeroradiography can have definite advantages 
over normal radiography. F.P. 

See also: Electronic photography. 

X-RAY CRYSTAL ANALYSIS. Method of 
deriving information about the structure of a 
crystalline substance by means of diffraction 
patterns produced when a beam of X-rays is 
passed through a single crystal or powdered 
crystals of the substance. 


1291 




X-R 



DIFFRACTION CAMERA SET-UP. Production of X-ray ponder 
diffraction pattern. A, beam of incident X-rays. B, ponder 
specimen to be examined . C, cone of diffracted X-rays. D, 
cylindrical film surrounding specimen. 

X-ray Diffraction. When X-rays traverse a 
crystalline substance, the regular network of 
atoms of which the substance is composed 
acts as a three-dimensional diffraction grating 
and the X-rays are scattered according to 
certain rules. The diffraction effects are most 
simply interpreted in terms of reflection by 
planes in the atomic network and this leads to 
the well-known Bragg relationship 
2d sin $ = nX 

where d is the interplanar spacing, 6 the angle 
of incidence of the X-rays on the “reflecting” 
planes, x the X-ray wavelength and n an integer. 

The diffracted X-rays cannot, however, be 
focused by lenses to form a direct image of the 
crystal structure. All that can be done is to 
make a record of the diffraction pattern. The 
problem of X-ray crystal analysis then lies in 
postulating or calculating the positions and 
distribution of atoms in the structure cell that 
have given rise to the intensities of spots or 
lines found in the diffraction pattern. 

The discovery of X-ray diffraction provided 
an enormously powerful method of advancing 
our knowledge of the structure of matter. 
Besides the solution of crystal structures there 
are many other industrially important applica- 
tions of X-ray analysis. The precise identifica- 
tion of a substance, the study of alloy forma- 
tion, and the investigation of the causes of 
strain in the crystal lattice are just three 
examples of such applications. 

Photographic Recording. X-ray diffraction 
patterns are usually registered photograph- 
ically. Amongst the exceptions to photographic 
techniques may be mentioned the Bragg ioniza- 
tion spectrometer with which many of the 
earliest crystal structure determinations were 
carried out. Today, moreover, some instru- 
ments have been developed which use an elec- 
tronic counter as the X-ray detector and trace 
out the diffraction pattern with the aid of a pen 
recorder. 

Many different types of camera have been 
designed for the photographic recording of X- 
ray diffraction patterns. In the simplest arrange- 
ment the crystal is mounted on a goniometer 
device which allows easy choice of different 


orientations towards the incident collimated 
X-ray beam. The diffracted effects are inter- 
cepted by a flat film held in a cassette mounted 
behind the crystal. When the specimen consists 
of a multitude of small crystals instead of one 
crystal, and the incident X-rays are mono- 
chromatic, the diffracted beams travel along 
the surfaces of a set of coaxial cones and the 
diffraction pattern registered on the film com- 
prises a series of concentric rings. For some 
purposes it is sufficient to record only small 
parts of these rings, and then a strip of film is 
held on a narrow cylindrical surface with the 
powder specimen at its centre. The resultant 
line diff raction patterns are commonly described 
as “powder photographs”. The powder photo- 
graph is widely used for identification, crystal 
size measurement, and other applications of 
practical importance. 

Single crystal photographs are generally 
required for the complete solution of crystal 
structures. Interpretation is assisted by re- 
cording the patterns with specially designed 
cameras in which during the exposure the 
photographic film is moved in synchronism 
with rotation of the crystal. Movement of the 
film effects a separation of reflections which 
would otherwise overlap, and measurement is 
simplified. 

The X-ray film normally employed is similar 
to the non-screen double-coated film used in 
industrial radiography. In the majority of 



X-RAY DIFFRACTION. Different planes of crystal lattice reflect 
X-rays. Diffraction takes place nhen incident and reflected 
angles are equal, and 2d sin Q is a multiple of the X-ray 
navelength, and produces patterns on the film. 
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applications a large part of the incident X-ray 
energy is absorbed in the front emulsion, but 
the second coating adds something to the 
over-all density obtained. 

Exposure times range from a few minutes to 
many hours in some single crystal work. 

A special fine-grain high-contrast film is 
advocated when fine detail is of primary im- 
portance, but there is the accompanying dis- 
advantage of a three- or four-fold increase in 
exposure time. In certain techniques, involving 
thirty times enlargements of a single X-ray 
reflection, Lippmann type plates are necessary. 

If the X-ray reflections are likely to be inci- 
dent obliquely on a flat film, it is occasionally 
desirable to use single-coated X-ray film. This 
avoids ambiguities arising because of lack of 
register between the front and back images on a 
double-coated film. 

Interpretation. To evaluate the information on 
an X-ray diffraction pattern, both the intensity 
and the position of the X-ray reflections have to 
be determined. 

The intensities of the reflections are obtained 
by comparison of the densities of lines or spots 
comprising the pattern. Visual estimation may 
sometimes give acceptable results, but photo- 
metric measurement is often required. 

As the relation between X-ray negative 
opacity and reflection intensity is not linear, a 
wedge or series of spots corresponding to 
known relative intensities should be imprinted 
on each film. To place the measurements on an 
absolute scale, it is necessary to calibrate by 
means of reflections of known intensity from 
a standard crystal. 

Special travelling microscopes are advocated 
for determination of line or spot positions on 
X-ray diffraction negatives. 

Much of the laborious computation involved 
in complete structure determination may be 
reduced by an experimental approach involving 
optical diffraction methods. One optical 
arrangement that has been suggested is known 
as the “fly’s eye”. A plane mask or pattern is 
constructed to correspond to the proposed 
crystal structure viewed from some chosen 
direction. The optical diffraction pattern, 
obtained when monochromatic light from a 
point source is passed through the mask, is 
compared with the X-ray diffraction pattern to 
determine whether the proposed atomic 
arrangement is correct. The masks are pre- 
pared by a photographic reduction method, 
since the element of a pattern must be repro- 
duced perhaps two or three hundred times in 
any given mask. 

Attempts have also been made to produce 
directly an optical image of the crystal struc- 
ture or key projections of it. The masks then 
have to imitate particular features of the X-ray 
diffraction pattern, and a section of what is 
termed the reciprocal lattice, which can be 
readily derived from it, is constructed. The 
problems of adjusting the intensities of the 
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X-ray beams and of determining their phases 
are both dealt with by taking advantage of the 
polarizing properties of mica. By covering the 
holes in the mask with sheet mica in various 
orientations the transmitted light beams can be 
modified in appropriate ways, and different 
possibilities examined by trial and error. The 
development of this so-called diffraction 
spectrometer has provided a powerful new tool 
for the structure analyst. H.P.R. 

Books: The Crystalline State, Vol. I, by Sir Lawrence 
Bragg; Vol. II by R. W. James; Vol. Ill by H. Lipson 
(London); X-ray Analysis of Crystab , by J. M. Bijroet, 
N. H. Kolkmeyer and C. H. MacGillavry (London); 
X-ray Crystallography, by M. J. Buerger (New York); 
X-ray Diffraction by Polycrystalline Materials, ed. 
by H. S. Peiser, H. P. Rooksby and A. J. C. Wilson 
(London); X-rays and Crystab, by K. Lonsd le (London). 

X-RAY DIFFRACTION. Coherent scattering 
of X-rays by the atoms of a chemical substance. 
Where the arrangement of the atoms is 
regular, e.g., in a crystal lattice, a beam of X- 
rays produces a diffraction pattern which is 
recorded photographically and this pattern 
yields substantial information about the 
crystal structure of the substance. 

See also: X-ray crystal analysis. 

X-RAY FILM. All ordinary sensitized materials 
are sensitive to X-rays and could be used for 
recording radiographic images. In practice, 
however, radiographs are made on sensitized 
materials specially manufactured for the pur- 
pose, usually with an emulsion on both sides 
of the support to increase the absorption of 
X-rays and thus the effective speed. 

There are two ways of producing an X-ray 
image on sensitized material: by the direct 
action of the rays, and by placing in con- 
tact with the sensitized surface a screen coated 
with material which fluoresces visibly under 
X-radiation. So there are two broad types of 
X-ray films: non-screen, which are sensitive 
to direct X-radiation, but not to visible 
fluorescence, and screen-type films which are 
sensitive to both direct X-rays and fluores- 
cence and are normally exposed in contact with 
an intensifying fluorescent screen. 

Screen type materials are generally slower 
than non-screen, but they give better definition. 
The definition can be improved still further by 
sandwiching the film between sheets of lead 
foil which absorb any scattered radiation and 
prevent it from degrading the image. 

Special types of X-ray film are manufactured 
for each of the various fields of radiography — 
e.g., dental, industrial, medical. In each of these 
applications there is usually a range of materials 
which offers a choice of speed, contrast and 
resolving power to suit the particular subject 
to be tackled. 

X-ray films are normally supplied in black 
paper wallets and stored in lead-lined con- 
tainers to protect them from accidental expo- 
sure to X-rays. 
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X-RAY MICROGRAPHY. Technique for 
examining the internal structure of thin opaque 
specimens not normally revealed by photo- 
micrography. A specimen of the material — 
e.g., a metallurgical section — 1 mm. thick, or 
less, is placed in contact with an extremely fine- 
grained sensitized emulsion and a radiograph 
is made. The radiograph is then examined or 
photographed under the microscope. By this 
means the internal structure of specimens may 
be seen at magnifications of up to 300 x . 

See also: Microradiography. 

X-RAYS. Rays discovered and so named by 
Rontgen in 1895. They are able to penetrate 
solid matter and to produce a developable 
image in the photographic emulsion. X-rays 
were shown to be electro-magnetic waves by 
von Laue in 1912. They occupy the region of the 
spectrum between gamma rays and the ultra- 
violet, having wavelengths from about 0 05 A 
("hard” rays) to over 100 A (“soft” rays). 
Hard rays are more penetrating; rays of more 
than a few A wavelength have no practical 
application. 

X-rays are generated by the impact of high- 
velocity electrons on matter. In the original 
tubes an electric discharge in a rarefied gas 
(cathode rays) was used. Modem tubes 
(Coolidge tubes) are evacuated as completely 
as possible; the electrons are emitted by a hot 
tungsten filament, and are accelerated by a 
potential of several thousand volts to strike the 
anticathode or target, which emits the X-rays. 
The tube also contains parts designed to focus 
the electrons on to a small area of the target. 
The material used for the target depends upon 
the type of radiation desired, but it must be 
very infusible and/or a good conductor of 
heat, as the impact of the electron beam has an 
intense heating effect; for the same reason the 
target is always water-cooled. The target is 
frequently made of tungsten, but copper, 
molybdenum, iron, cobalt, chromium, silver 
or rhodium are also used for special pur- 
poses. 

Very hard X-rays, in the production of which 
potentials of up to 1 million volts are employed. 


are used therapeutically, in the treatment of 
cancer, etc. Photography is not concerned at 
all with this use. 

The other uses of X-rays employ their pene- 
trative powers. These depend upon the density 
of the material under examination, bone being 
more opaque than the surrounding soft 
tissues, blowholes in castings more trans- 
parent than the surrounding sound metal, etc. 
The records of X-ray examinations of these 
types are normally made photographically on 
radiographic films. 

The photographic recording of X-rays is 
used in: medical diagnosis, for which com- 
paratively soft rays are used; industrial radio- 
graphy. Very hard and penetrating rays (wave- 
lengths 0 05-1 A) are used to reveal the 
internal structure of castings, etc. A new 
development is micro-radiography, which uses 
soft rays to reveal the structural de tails of 
comparatively transparent materials such as 
paper, plastics, etc.; a fine-grain maximum- 
resolution emulsion is exposed behind the 
sample, and the developed image examined 
under a microscope. X-ray crystallography, 
which uses rays of 0-5-2 A wavelength, is 
the most important scientific, as distinct 
from technical, application of X-rays. It 
depends upon the diffraction of the rays by the 
regularly-spaced atoms in crystals (analogous 
to the manner in which visible light is diffracted 
by a grating), and is a most powerful tool in 
the exploration of molecular structure. The 
chemical constitution of penicillin was eluci- 
dated in this way, for example. 

Although X-rays act on photographic 
emulsions, they are less effective in this respect 
than light, since their penetrative power allows 
them to a large extent to pass through the 
emulsion without affecting it. X-ray film is 
therefore always coated on both sides, in order 
to increase the total emulsion thickness. Coarse- 
grained emulsions are also used wherever 
possible, since these are more sensitive to 
X-rays than fine-grained ones. HJ.Wa. 

See also: Industrial radiography ; Mass miniature radio- 
graphy; Medical radiography; X-ray crystal analysis. 
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YACHTS. Sailing boats and yacht races are 
excellent subjects for photography. The sub- 
ject lighting is usually so good that the sim- 
plest of cameras often produce striking pic- 
tures, while the photographer who has the 
added advantage of a wide aperture lens and 
high speed shutter can go after fast-moving 
action shots that have an appeal of their own. 

See also: Marine photography. 


YARD (YD.). Unit of lineal measure equal to 
3 feet or 36 ins. Originally the yard was based 
on the ell (from Lat. ulna, the forearm) which, 
in England was standardized as the length of 
the arm of King Henry I. The present standard 
is given by the distance between two gold 
inserts in a bar of platinum in the Exchequer 
Offices, London. 

See also : Weights and measures. 


ZEISS, CARL, 1816-88. German optical 
manufacturer. Founder of an optical firm in 
Jena. With collaborators and successors 
(especially Abbe and Rudolph) designed or 
improved microscopes, field-glasses, optical 
instruments, photographic lenses (anastigmat, 
Tessar) and cameras. Biography in Zur Ges- 
chichte der Zeissischen Werkstatte by M. von 
Rohr (Jena 1936). 

ZINCOGRAPHY. Photomechanical printing 
process in which the negative image is printed 
on zinc to produce a litho plate from which re- 
productions can be taken in printing ink. 

ZIRCONIUM LAMP. Concentrated arc lamp 
used in projectors and enlargers. 

The electrodes are a ring-shaped metal anode 
surrounding a tiny tube of zirconium oxide, 
and the arc occurs in the narrow annular gap 
(a few thousandths of an inch) separating them. 
At the high temperature of the arc, the oxide 
becomes coated with molten incandescent 
zirconium which gives a brightness comparable 
with that of a carbon arc at a colour tempera- 
ture of about 3,000° K. All the light is emitted 
through the hole in the anode in a forward 
direction, so it is a highly efficient source. 

A 2 watt lamp (37 volts) has a light source 
of 0-003 in. diameter and a 100 watt type 
(15-4 volts) about 0-059 in. 

The electrodes are enclosed in a glass bulb. 

See also: Point source lamp. 


ZOETROPE. Device for creating the illusion 
of moving pictures that was popular before 
the introduction of the cinematograph. It 
consisted of a light sheet metal cylinder about 
a foot in diameter, mounted on a central pivot 
so that it could be spun around by hand. The 
top half of the cylinder was pierced with a 
series of slits, and around the inside of the 
lower half was fastened a paper band. This band 
carried a series of pictures on the lines of a 
primitive animated cartoon. 

The number of pictures around the band was 
equal to the number of slits in the cylinder, 
and the whole series covered a complete action 
sequence — e.g., a boy leap-frogging over 
another's back, or turning a cart wheel. 

When the dnim was set turning, an observer 
looking through the moving slits at the pictures 
on the opposite side of the drum caught a 
glimpse of each picture at the instant when it 
reached the opposite side of the drum. Before 
and after that instant, his view of the picture 
sequence was cut off by the side of the drum. 

So the observer’s eye received a series of 
impressions of still pictures, each successive 
picture showing another step in the progressive 
development of the action. Because of persis- 
tence of vision, all the separate impressions 
added up to a moving picture, repeating the 
action at each revolution of the cylinder. 

The popularity of this form of entertain- 
ment fell off abruptly with the introduction of 
cinematography. 
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This type of apparatus in one form or another 
was variously called a wheel of life, a phena- 
kistoscope, stroboscope, a phantascope, and a 
kaleidorama. 

In its earliest form it was invented simul- 
taneously by Plateau of Ghent and Stampfer 
of Vienna in 1 832. 

See also: Cine history . 

ZONE FOCUSING. For fast-moving subjects, 
sports events, children at play, and animals, 
there is no time to focus and set the aperture 
before each exposure. Under these circum- 
stances the experienced photographer sets his 
lens to cover the entire depth of the zone in 
which the subject is likely to be moving. Then, 
so long as the subject keeps inside the zone, 
there is no further need for focusing, and the 
photographer can concentrate on making 
exposures. 

Once he has decided on the near and far 
limits of the field he has to cover, he con- 
sults the depth of field tables for the lens he is 
using to find what focused distance and lens 
aperture will give him the required depth. This 
will then cover the particular subject or a 
series of subjects (e.g., a picture sequence) 
within the selected zone. 

Next he finds what shutter speed he must 
use at this lens aperture to give him the correct 
exposure calculator. 

If this shutter speed is fast enough to arrest 
movement of the subject, he can make the 
necessary adjustments of focused distance, 
aperture, and shutter speed, and fire away with 
that fixed setting. 

But sometimes the shutter speed will not be 
fast enough to arrest movement of the subject 
at the range of distances included in the focused 
zone. 

There are two ways out of the difficulty, 
according to whether the movement or the 
subject depth covered is more important: 

(1) He can move farther away from the 
subject. At a greater focused distance, the 
depth of the zone of sharpness is also greater. 
As the photographer will then have more depth 
than he wants, he can sacrifice some of it to 



ZONE FOCUSING. Focusing zones for miniature camera with 
interchangeable lenses. Top: Near, medium, and distant zones 
covered by 5 cm. lens focused on 4, 8, and 15 feet respective/ v, 
and stopped down to f 8. Centre: Corresponding zones with 
7*5 cm. semi-long focus lens. Bottom: Corresponding zones 
with 10 cm. long focus lens at same settings. 

allow him to open up the lens aperture and 
speed up the shutter. 

Unfortunately when he moves farther away 
from the subject, he is forced to make do with 
a smaller image. 

(2) He can use a bigger aperture which will 
in tum let him give a faster shutter speed. This 
has the disadvantage of narrowing the zone of 
sharp focus. 

Both expedients carry penalties; the final 
choice is bound to be a compromise that will 
vary with the circumstances and the photo- 
grapher. 

See also: Depth of field. 


SETTINGS FOR ZONE FOCUSING 


Lens 

Focus 

Aperture 


Close-up 


Focusing Distance 
Group 


Landscape 


l| in. (3*5 cm.) 

f B 

3-1! 

4-0 

5-6! 

4-3 

6-0 

10-4 

7-0 

14-0 


1 in. (4-25 cm.) 

f B 

3-1 1 

5-0 

7-1 

5-5 

8-0 

15-2 

8-6 

17-0 


2 in. (5 cm.) 

fB 

4-8 

6-0 

8-5 

6-3 

9-0 

15-10 

10-6 

21-0 


2J in. (6-25 cm.) 

fB 

5-6 

7-0 

9-7 

8-9 

1 1-0 

19-0 

13-0 

26-0 


3 in. (7-5 cm.) 

f B 

6-4 

6-0 

10-9 

9-2 

13-0 

22-3 

15-6 

21-0 


3i in. (8 75 cm.) 

fB 

7-3 

9-0 

12-0 

10-7 

15-0 

25-5 

IB-0 

36-0 


4 in. ((0 0 cm.) 

f 8 

8-8 

1 1-0 

15-0 

12-10 

18-0 

33-6 

21-0 

42-0 


4} in. (1 1 -25 cm.) 

fB 

9-6 

12-0 

16-2 

14-0 

20-0 

34-10 

23-6 

47-0 


5 in. (12-5 cm.) 

1 II 

7-1 1 

10-0 

13-7 

1 1-3 

16-0 

28-0 

19-0 

38-0 


5} in. (13-7 cm.) 

fll 

B-8 

1 1-0 

15-0 

12-0 

17-0 

28-9 

21-0 

42-0 


6 in. (15-0 cm.) 

f II 

10-1 

1 7-0 

IB-3 

14-0 

20-0 

35-6 

23-0 

46-0 


7 in. (17-5 cm.) 

fll 

10-5 

1 3—0 

17-3 

14-6 

20-0 

32-0 

26-6 

53-0 

CO 


The heavy figure in each group gives the distance on which the camera should be focused. The lighter figures give the 
limits of the depth of field. The zones assume that the lens is in each case the normal focal length (i.e., neither wide angle 
nor telephoto or long focus) for the negative size it is used with. 
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ZOO. Photography at the zoo calls for patience 
above everything else. The photographer has no 
control over the animal and so he must be 
prepared to wait for it to take up a suitable 
position. It is sometimes possible to exercise a 
certain amount of control by tempting the 
subject with food, and a slight noise will often 
make it look more alert. But beyond this, 
there is little that the photographer can do 
except wait — for hours, if necessary. It is better 
to wait for one really good picture than to hurry 
away with a batch of second-rate snaps. 

The beginner will usually find it easier to 
start with the larger and tamer animals. Deer, 
camels, zebras and the like are easier to get at 
and offer fewest technical difficulties. With 
wild animals there are the bars to contend with 
from the outside of the cage, and the risk of 
attack when taking photographs inside the 
cage. And smaller animals are very much more 
difficult to photograph; it is considerably easier 
to make a good picture of an elephant than a 
mouse. 

Camera. Almost any type of camera can be 
used to make zoo pictures, so long as the 
photographer works within its limits. A box 
camera will take satisfactory photographs of 
any animal from an elephant down to a goat. 
But it is quite unsuitable for the smaller 
animals and birds. 

Close-ups of small subjects call for a camera 
with a long extension, provided by bellows or 
tubes, that can be fitted with a long focus lens; 
this will allow the photographer to work at a 
comfortable distance and still get a big enough 
image. Long focus and telephoto lenses are 
useful in open-air zoos where the animals are 
generally seen a long way off. Under such 
conditions a camera with a normal angle lens 
gives a picture in which the animal comes out 
as a tiny speck in a wide expanse of unin- 
teresting landscape. 

Two very suitable cameras for zoo photo- 
graphy are the 35 mm. miniature and the 
■ingle-lens reflex, both taking interchangeable 
lenses. 

Tripod. A tripod is often more of a handicap 
than a help. Most zoos discourage the use of 
cameras on tripods because they obstruct the 
public pathways at the busiest points. Then 
a tripod is useless when the camera lens has to 
be pushed between the bars of a cage. And 
finally, most animals are frightened by a tripod ; 
to them it is a stick, and they know that sticks 
can hurt. 

Flash. A flash outfit can be useful for taking 
pictures in dark surroundings and for lighting 
up strong shadows, particularly on dark fur or 
feathers. But it is always necessary to ask 
permission of the keeper first. Some antelopes, 
for instance, are so timid that they would dash 
themselves against the fence and break their 
limbs if they were startled with a flash. 
Backgrounds. One of the greatest difficulties in 
zoo photography is to avoid an ugly or un- 


characteristic background. Too often the 
photographer has to make the best of existing 
and unalterable surroundings. When this 
happens — as when the animal is in a cage or 
other confined space — it is best to coax the 
animal away from the background, or wait 
until it moves away from it, and then focus 
sharply on the subject at a wide aperture. This 
technique throws the background out of focus 
so that it is blurred and very much less assertive 
in the final photograph. 

Another useful way of separating the subject 
from its background is to choose a time of day 
when the background is in shadow and the 
animal can be caught in sunshine. 

Dealing with Bars. Zoos without bars are to be 
preferred for animal photography, but even in 
the conventional type of cage there are plenty 
of opportunities for making good pictures. 

It is often stated that if the camera lens is 
pushed right up against fine wire mesh, the 
wire will not show in the photograph. This is 
not true, and wherever possible the lens should 
be poked through the mesh or between the 
bars so as to be quite clear of them. Before 
gding as close as this, however, the photo- 
grapher should always be sure that it is safe. 
When the animal is dangerous, there is always a 
notice on the cage saying so, and in that case 
there is nothing to be gained by experimenting. 

When a photograph is taken with the lens 
pushed through the bars in this way, there is a 
danger that the animal will be too close. In 
these circumstances a friend — or the keeper for 
preference — should throw pieces of food lo 
tempt the animal away from the bars. The 
photographer himself should never let the 
animal see him with food or it will probably 
come right up and lick his lens. 

On the whole, better pictures result from 
simply waiting until the animal moves naturally 
over to the right spot; food should only be 
used as an incentive when time is short. 

The shadow of the bars is always a potential 
nuisance as it tends to tum all animals into 
zebras. If the cage is so situated that the sun 
always lays the shadows of the bars across the 
animal and its background, the only solution 
is to wait for a bright sunless day. 

Finally, if the bars cannot be kept out of the 
picture by any of the methods described, it is 
important that they should be shown abso- 
lutely vertical — i.e., parallel to the sides of the 
print. 

Behind the Bars. The keeper can often be per- 
suaded to allow the photographer to take 
photographs inside the cages of the tamer 
animals. Photography at such close quarters 
and with no bars or wires in front of the sub- 
ject offers much greater scope for individual 
work. 

The photographer who is lucky enough to get 
permission to enter a cage must leam to move 
slowly — this is necessary not only when 
approaching the animal, but for all movements. 
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Often even the act of drawing out a dark 
slide quickly is enough to scare the animal 
just when everything was set for a really good 
photograph. 

Animal Portraits. It is very tempting to con- 
centrate on portraiture inside the cage, and 
close-ups that show every hair are very satis- 
fying. But many animals have long noses and at 
such short distances they must be taken in 
profile or their faces will be unpleasantly 
distorted. 

In making portraits of animals, it is not 
always possible to get the whole of the head 
in focus, but the eyes should always be per- 
fectly sharp. 

The expression on the features of the animal 
can make or mar the portrait. Even a photo- 
graph that is technically perfect is unattractive 
if the subject has half-dosed eyes and a bored 
expression. The keeper can co-operate by 
making a suitable noise, or perhaps rattling a 


food bucket at the right instant. This is 
generally sufficient to make the animal prick 
its ears and look alert and interesting. 

Small animals call for a special photographic 
technique and are much more difficult to deal 
with successfully. They have to be photo- 
graphed at relatively short distances, even 
with long focus lenses, and the depth of field 
available is very limited; it is narrowed further 
by the need for using big lens apertures and 
fast shutter speeds because of the speed of 
movement of the subject. Even when a mouse 
stands still, for instance, its whiskers vibrate 
rapidly. W.S. 

See also: Animals; Big game; Biology; Birds; Botany; 
Fish; Flowers: Insects ; Pets: Reptiles. 

ZOOM LENS. Variable focus lens used in 
cinematography and television for making a 
quick transition from a distant to a close-up 
shot without moving the camera. 
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KEY TO SIGNATURES 


A.B. 

Arnold Boodson 

D.L.H. 

Dennis L. Hooker 

A.C.K. 

A. C. Kerger 

D.M. 

David Mindline 

A.E.S. 

Arnold E. Stanley 

D.M.N. 

D. M. Neale 

A.F.A. 

A. Finnis Attwell 

D.P.C. 

Dennis P. Craft 

A.F.B. 

A. F. Bucknell 

E.B. 

Ernest Boesiger 

A.G. 

Alison Gernsheim 

E.C. 

Eric Coop 

A.H. 

Arthur Hamer 

E.E. 

Ezra Eliovson 

A.Ja. 

Alan Jackson 

E.F.T. 

E. F. Teal 

A. Jo. 

Adam Johann 

E.H. 

E. Heimann 

A.J.G. 

A. J. Garratt 

E.M.H. 

Eugene M. Hanson 

A.K.-K. 

A. Kraszna-Krausz 

E.S.C. 

Edward S. Cobb 

A.M. 

Adolf Morath 

E.V. 

Emo Vadas 

A.O. 

Alfredo Omano 

F.A.M. 

F. A. Mills 

A.Pg. 

Andre Page 

F.B. 

Fred Barlow 

A-Pr. 

Arthur Pastor 

F.H.S. 

Frank H. Smith 

A.P.J. 

A. Philip Jenkins 

F.P. 

Frederick Purves 

A.R.P. 

A. R. Pippard 

F.W.B. 

F. W. Beken 

A.S.C. 

A. S. Cross 

F.W.G. 

Frederick William Goodman 

A.S.H. 

Arthur S. Hughes 

G.B.H. 

G. B. Harrison 

A.S.W. 

A. S. Wilson 

G.B.M. 

G. B. Macalpine 

A.W.S. 

A. W. Smith 

G.CI. 

G. Campbell 

B.A. 

Bernard Alfieri 

G.Cg. 

Gordon Catling 

B.M. 

Betti Mautner 

G.C.B. 

G. C. Brock 

B.N. 

Beaumont Newhall 

G.C.C. 

G. C. Collins 

B.T. 

Barnard Thornton 

G.de H. 

Geoffrey de Havilland 

B.U. 

Bodo Ulrich 

G.H.C. 

G. H. Cook 

B.W.C. 

Brian W. Coe 

G.H.S. 

George H. Sewell 

C.D. 

Charles Duncan 

G.I.B. 

Gerald I. Bearcroft 

C.D.M. 

C. Douglas Milner 

G.I.P.L. 

G. I. P. Levenson 

C.E.B. 

Charles E. Brown 

G.M. 

Gerard Morisset 

C.F. 

Cecil Farthing 

G.S.D. 

Gordon S. Drinkall 

C.O.P. 

C. O. Powis 

G.T.S. 

G. T. Schwartz 

C.W.G.W. 

C. W. G. Walmsley 

G.W. 

George Wells 

C.W.L. 

C. W. Long 

G.W.A. 

George W. Ashton 

C.W.P. 

C. Wilson Peck 

G.W.P. 

G.W. Payne 

D.A. 

Donald Allen 

H. 

Viscount Hanworth 

D.A.S. 

D. A. Spencer 

H.A.S. 

Hans A. Schreiner 

D.A.W. 

David A. Wilson 

H.B. 

Howard Byrne 

D.B. 

Dick Boer 

H.B.J.C. 

H. B. J. Cramer 

D.G.W. 

D. G. Wright 

H.C. 

H. Craeybeckx 

D.L. 

Douglas Liversidge 

H.E.E. 

Harold E. Edgerton 
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H.G. 

Helmut Gemsheim 

O.B. 

Oswell Blakeston 

H.G.C. 

Hans G. Casparius 

O.G.P. 

Oliver G. Pike 

H.H. 

Herbert Holmes 

O.H. 

Othmar Helwich 

H.J.H. 

Henry J. Howard 

O.R.C. 

O. R. Croy 

H.J.Wa. 

H. J. Walls 

P.C.P. 

P. C. Poynter 

H.J.Wi. 

Herbert J. Williams 

P.G.L. 

P. G. Law 

H.P.R. 

H. P. Rooksby 

P.H. 

Peter Hansell 

H.S. 

Harry Shorland 

P.J. 

Philip Johnson 

H.v.W. 

Hugo van Wadenoyen 

P.R.-W. 

P. Ransome-Wallis 

H.W. 

H. Wolff 

P.S. 

P. Sonthonnax 

H.W.G. 

H. W. Graenwood 

P.W.H. 

Percy W. Harris 

I.A. 

Ivor Ashmore 

R.A. 

Rudolf Amheim 

I.V.S. 

Ippolit Vasilevich Sokolov 

R.B.M. 

R. B. Morris 

J.A.H. 

J. A. Harrison 

R. de L.G. 

Roland de L. Garlick 

J.A.R. 

J. A. Radley 

R.E. 

Ronald Elvey 

J.B1. 

John Blaxland 

R.G. 

Reg Groves 

J.Br. 

John Brown 

R.H.C. 

R. Howard Cricks 

J.C. 

Julien Caunter 

R.J.N. 

R. J. North 

J.D.C. 

John D. Chittock 

R.K. 

R. Knapmann 

J.D.D. 

J. D. Donlevy 

R.K.N. 

Raisen K. Narusawa 

J.D.F. 

J. Denis Forman 

R.L.T. 

R. L. Taylor 

J.E. 

John Eggert 

R.May. 

Roger Mayne 

J.E.S. 

J. E. Sparshott 

R.Md. 

Ray Mackland 

J.H. 

John Hall 

R.M1. 

Roger Manvell 

J.H.-D. 

J. Home-Dickson 

R.Mo. 

Rolf Mortensen 

J.Mi. 

James Mitchell 

R.M.F. 

R. M. Fanstone 

J.Mo. 

J. Morgan 

R.M.H.N. 

R. M. H. Noble 

J.S.F. 

Joseph S. Friedman 

R.M.W. 

R.McV. Weston 

J.V. 

John Vickers 

R.R. 

Robert Rose 

J.W.G. 

J. W. Gates 

R.S. 

Ronald Spillman 

K.B. 

Keast Burke 

R.S.S. 

R. S. Schultze 

K.C.M.S. 

K. C. M. Symons 

R.W.B.T. 

Ronald W. B. Truscott 

K.J.H. 

K. J. Habell 

R.W.D. 

R. W. Dear 

K.P. 

K. Pfister 

S.B. 

S. Beaufoy 

K.R. 

Katherine Reese 

S.F. 

Shinnasuke Fukushima 

K.S. 

Karl Sandels 

S.J.H. 

Sydney J. Hargrave 

K.S.M. 

K. S. Meakin 

S.K. 

Shigene Kanamaru 

L.A.M. 

L. A. Mannheim 

S.M. 

Steve McCutcheon 

L.C.M. 
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